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Abstract

1 Abstract

Atlantic cod Gadus morhupis known to grow large livers, especially farmeadd, but
commercially, muscle growth is preferred, due tofigs. Therefore, main focus in this
feeding trial was to achieve lowered liver sizethwut compromising growth, feed utilization,
digestibility of nutrients and elements, and mamtaealth. To accomplish this, indigestible
fibre was used to dilute energy in feed. Atlantid evere fed increasingcellulose inclusions
(0, 6, 12 and 18%), in sustainable diets based @¥ Plant ingredients (soy protein
concentrate and wheat gluten) plus 50% fish mearatein source (PP), or diets based on
100% fish meal as protein source (FM). The indénakrage cod live weight was 138 g, and the

feeding trial lasted for 14 weeks.

Good growth and feed utilization were obtained lirdeet groups. At the end of the feeding
trial growth was equal in all diet groups, but ferthke was higher for cod fedcellulose.
The similar energy intake, even though dietary gneoncentrations differed, and the dietary
digestible macro nutrients (protein/fat/carbohyesatand protein to energy (PE) showed
similar ratios, indicate that the cod adjustedetsd intake in accordance to both energy and
protein amount. The liver index (HSI) was not aféecby increased-cellulose. Digestibility

of fat decreased with increaseetellulose, in disagreement with increased lipificefncy
ratio (LER). Digestibility of protein was not affiec! bya-cellulose. Dry matter digestibility
decreased with increasadcellulose, in accordance with increased dry maittefaeces.
There were variation in element concentrations betwplant based and fish meal based diets.
Some element digestibility results were negativieicty might be due to presence of elements
in water, although the diet is the main sourcelefents for fish. Most element digestibility
results were not affected by increasedellulose. Though, Mn and Ba digestibility increds
with increasedx-cellulose, for cod fed PP diets, but not FM di€ed health was good, and

macro composition of whole body and liver was rteaed bya-cellulose.

Our study reports that it seems hard to manipwasrgy deposition in cod, even when using
a-cellulose as energy dilution in diets. Our resalso show that cod tolerated up to 18%
cellulose inclusions, both in combination with FMdaPP, and that the cod compensated by
higher feed intake to satisfy its need for energg arotein. Although, cod fed 18%

cellulose had more faecal waste, which may be @& kxvironmental challenge.



Introduction

2 Introduction

2.1 General introduction

2.1.1 Cod farming and feed resources
Atlantic cod have historically been important fhieries. Interest for cod farming rose in the

late 90-ties when fisheries quotas dramaticallyregsed. However, today the north east
Atlantic cod stocks have increased (Langagtrdl, 2008), and the quotas increased 8% from
2008 to 2009. Volumes of farmed cod are still lowyertheless, cod farming competes with
the global aquaculture industry for feed ingrediefTorrissen, 2008). Feed constitute
approximately 60-80% of the operational costs wbgl intensive aquaculture (FAO, 2006),
partly due to expensive marine feed ingrediengh(fneal and fish oil). In addition, wild fish
is exploited to the maximum for most species, dreteby marine ingredients are resources
that will not increase. Cod need a diet high int@rg and low in fat and carbohydrates.
According to Rosenlunét al (2004) cod feed should contain 50-60% proteinr20% fat
and less than 15% digestible carbohydrates (basettyoweight), to maintain good growth,
and relative low liver size (<12%). Though, therrartt requirement differs some with the
cod’s life stage. Protein in cod diets has untilergly been based on expensive high quality
fish meal, which has not been a sustainable feed. f@&ming is expected to increase about
17 % annually, which predicts a production of 50 @@d in 2017 (Torrissen, 2008). World
aquaculture in 2004 produced 46 million tonnesoialtfor all species. To keep up current
level of seafood consumption per capita it is ested that aquaculture needs to reach 80
million tonnes world wide by 2050 (FAO, 2006). Tefre, even more sustainable feed
ingredients should be used in fish farming. Plaetfingredients are available at low prices in
large quantities, but do not meet the nutrient ireguent in the same manner as marine
ingredients. Plant ingredients e.g. contain antrients, and have more carbohydrates and
indigestible components than fish meal (Framtisl, 2001). Increases of these components
may have negative effects on feed utilization. drenalternative ingredients shall be used, it
has to be without considerable adverse effectsshrperformance and health.
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2.1.2 Cod gut waste and liver size

Remnants (gut waste, head, skin and bones) in mmuption today constitute up to 60% of
produced biomass (Hansen and Kjerstad, 2008),antivier is a considerable amount of the
gut waste. Farmed cod livers are mostly found tddoger than wild cod livers (Jobling,
1988; Grantet al, 1998; Gildberg, 2004; Mgarkgre, 2005). The maxkdtie for cod liver is
not as high as the market value for cod musclegfoee it is desirable that cod use protein for
muscle growth and reduce liver growth. Liver siae be reduced by starvation (Hereteal,
1992; Joblinget al, 1994; Karlseret al, 1994) and lower feeding frequencies (Dos Saatos
al., 1993). To reduce feeding to near starvation sedult in reduced muscle growth, which
will not be economically for the farmer. For Atlantsalmon Salmo salay energy dense
diets, up to a certain level, have resulted in ggouvth and feed utilization (Hemre and
Sandnes, 1999). The same strategy will howevefumation for cod, as this species stores all
surplus energy in the liver. Researchers have shbatna high fat content in cod feed gives
enlarged liver (1986; Liet al, 1988; Joblinget al, 1991; Hemreet al, 1992; Joblinget al,
1994; Moraiset al, 2001; Rosenlunckt al, 2004; Karlsenet al, 2006). Also increased
dietary starch seems to increase fat and glycogpodition in liver (Hemret al, 1989). The
fact that high energy diets increase liver sizm iagreement with liver size being reduced by

using diets high in protein and low in energy (Rdsged et al. 2004).

Muscle growth is probably driven by protein amoanti composition (Hemret al, 1989;
Karlsenet al, 2006). The small amount of fat that is found aal enuscle is mostly membrane
lipids (Lie, 1991). However, all metabolic mechanssand growth demands energy, meaning
that a proper protein to energy (PE) balance irfékd is needed, to avoid loss of body mass.
Experiments with feed based on fish meal and fismalifferent amounts gave varying liver
growth in cod, and it was indicated that to holcetigrowth around 10-12% the relationship
between protein to energy should be around 3 tRdsénlundet al, 2004). This diet only
functioned partly in big scale. Therefore, a nevategy was needed to better predict liver
growth compared to muscle growth, especially sinicgn quality ingredients were used in

that experiment.
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2.1.3 Cod feed utilization

Atlantic cod is an epibenthic-pelagic (Agbayani0D2Pand opportunistic species. Hence, in
nature cod feed on a variety of fish and invertsdrom pelagic and benthic depending on
which feed is accessible, the cod’s life stageation, spawning success of the prey and
seasonal variations (Link and Almeida, 2000; Orleval, 2005). In pelagic zones, cod feed
on animals like capelin, herring, polar cod andstaceans. While in benthic zones, the diet
can consist of worms, molluscs, echinoderms andt@ceans. Thus the Atlantic cod is used
to a variable diet in nature, and in addition deags crustaceans and molluscs contain large
amount of carbohydrates (chitin and glycogen). Tauisld be why farmed cod show a high
tolerance to plant ingredients (Albrektsehal, 2006; Hanseret al, 2006; Refstieet al,
2006a). The cod’'s natural prey does of course pnatain same types of carbohydrates as
plants. Anyway, experiments show that it is posstblinclude up to 50% plant protein in cod
feed (Hansert al, 2007b) without any major adverse effects on ghoarid feed utilisation.
But not without limitations, because there was artioea like condition in cod fed 100 %
plant protein (Olseret al, 2007). However, digestion of starch in cod degead amount
consumed, source and physical state of the stddemie et al, 1990). Further, plant
ingredients can create problems related to otheponents, especially the anti nutrients and

fibres might inhibit digestion of nutrients.

Cod probably tolerate plant material in the diettdrethan salmonid species. In experiments
with salmon elucidating the effect of soybean miealusions, there were found severe
changes in the gastrointestinal tract (GIT) (VamDagh et al, 1991; Francist al, 2001;
Krogdahlet al, 2003). Plant protein diets gave no detectablergistchanges in cod intestine
(Hansenet al, 2006; Refstieet al, 2006b; Olseret al, 2007), plus there were found a
significant number of bacteria in the lower inteatitract. It was speculated if bacteria may
have a digestive function and maybe explain whyemberitis changes were observed.
Herbivore fish have caecal pouches for microbigkesdiion, and Seppokt al (2006) found
similar distal fermentation chambers in cod. Atamod were found to compensate the high
anti nutrient and fibre contents in diets by insieg feed intake and growth of the intestines
to keep good somatic growth (Refséieal, 2006a; Hanseet al, 2007a). Ergo, growth was
not reduced even though it resulted in lower feditlzation and protein retention. In
accordance with the idea that protein growth inmat$ most likely is regulated through
control of food intake (Webster, 1993; Jobliegal, 1994), but energy may be consumed in

12
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excess, that means that fat deposition is muchstessly regulated. Based on the appearance
and function of the cod GIT, it is classified amdhg omnivorous species. Intestine bacteria,
larger intestines and more carbohydrate digestimmyraes are probably major reasons why
herbivorous and omnivorous tolerates plant ingmadi®etter than carnivorous. Experiments
with cod have shown that there is no gain in exitegpdne large meal every 24 hour (Hansen
et al, 2006). Atlantic cod have a flexible gastro init@sit tract (GIT), which can be filled to

huge volumes when feeding frequencies are low, dermd will maintain good somatic

growth and liver growth (Joblingt al, 1994). That could be why a specific strategy to

manipulate the energy deposit in cod, with non-slige fibre in feed, might lead to success.

2.1.4 Energy dilution of feed

Low energy fish diets are observed to result ircker return of appetite than a energy dense
diets (Joblinget al, 1991; Jobling and Hjelmeland, 1992). This me&as fish eat more if the
feed have less energy. Fish regulates feed intakelg connected to the PE ratio in the diet,
pointing to the importance of balancing both protand energy. With a too low protein
compared to energy content, muscle growth will éduced and fat deposits can increase
(Einen, 2001). Though, with a too high PE, somedeinowill be directed towards energy in
metabolic processes, instead of being used for legsowth.

Energy diluting with bone meal and crab by-productfeed is previously investigated with
cod, giving increased feed intake and growth (Toppal, 2006), although there was no
effect on the liver index (HSI). However, studieshacellulose as indigestible bulk fillers are
performed on other fish species. Cellulose inchsiop to 20% in feeds for European seabass
(Dicentrarchus labraxdid not affect growth performance, but feed ietakcreased and HSI
tended to decrease (Diat al, 1998). Rainbow troutSalmo gairdneri fed up to 30%
cellulose also increased feed intake to maintamwtr (Bromley and Adkins, 1984). In
another trial with rainbow troutQncorhynchus mykigsup to 15% dietary cellulose did not
affect growth, feed intake, apparent digestibitifycrude protein, crude fat, total starch or ash
(Hansen and Storebakken, 2007). Red driBuiagnops ocellatyswith 20% cellulose
inclusions showed low fat deposition compared t deum fed less cellulose, which may
indicate that excess energy resulted in fat depasfiuranoet al, 2002). However, HSI, dry
matter or protein were not significantly affectdexperiments with tilapia @reochromis

13
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niloticus) have shown that cellulose inclusions up to 9% mayrove growth performance,
FCR and PER, and produce leaner fish comparedskoviithout cellulose inclusions (Al-
Ogalily, 1996). Although other studies with 10% &80 cellulose for rainbow trougélmo
gairdnerii) and tilapia Qreochromis mossambicyseported growth depression and reduction
of feed intake (Hiltoret al, 1983; Dioundick and Stom, 1990).

The idea behind energy dilution has however iteohysfrom studies with fast growing broiler
chicken. Therefore some background about fibreraildr chicken diets is included. Soluble
fibore in mammals and poultry tend to increase dayedscosity and retard absorption of
nutrients (Krogdahlet al, 2005), while insoluble fibre tend to increaseedig transit,
resulting in reduced absorption time. In experiraanith broiler chickens some dietary NSP
(non starch polysaccharides) increased digestiscosity and reduced performance (Razdan
et al, 1997; Jozefiaket al, 2004). Digestibility of protein and fat has alsbown to be
reduced with increased NSP content (Sreital, 2000; Saki and Alipana, 2005). Availability
of some minerals were also affected by high diet@gosity (Mohannat al, 1999). Smitet

al. (2000) implied that if the viscous propertiesNBP were eliminated in broiler chicken
feed then the nutrient value of some fats wouldhggroved. Jozefialkt al. (2004) found that

it was likely not total NSP that influenced intestl viscosity in broiler chickens, but the NSP
type. In addition maybe enzyme supplementatiorgesohiets with viscous components and
microbial enzymes probably prevented formationie€ous chyme. Chickens fed more fibre
increased length and weight of GIT (Jorgenseal, 1996; Saki and Alipana, 2005), and feed
intake increased. NSP explained 86-96% of the noétabnergy variation in feed (Jorgensen
et al, 1996), which indicate that NSP is a good prediofalietary energy content. Increasing
raw fibre in feed reduced metabolic energy per bwia weight unit, and chickens retained

more energy as body protein and consequently kebsdy fat.

NSP in diets for broilers and some fish speciesvshibat there are both positive and negative
effects, depending on type and amount of NSP. \&ttthect NSP we could perhaps reduce
energy deposition in cod too. Adding inert fillensfeed will keep PE ratio constant, but by

dilution, the proportion of individual nutrients gienergy will be lowered. The indigestible

cellulose we added as an energy dilution agertarféed in this master study is claimed to be
inert, and to result in no gut damage, at leastrailers. Therefore, the need to elucidate how
it affected nutrient availability for cod, or reged in gut damage or not, and how it affected

liver growth, were urgent.

14
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2.2 Feed components

2.2.1 Plant ingredients

Plant ingredients often have high carbohydratel$e\ae imbalanced in essential amino acid
compositions, lack several of the essential lomgjrchatty acids and other important nutrients
such as phosphorus, contribute with a high condénton digestible components and anti
nutrients (Francigt al, 2001). This increase of possible negative compisnand lack of

essential components may have negative effectsnerge utilization, digestion viscosity,

nutrient digestion, and secondary metabolic resggmn&nti nutrients present in soybean meal
are; protease inhibitors, lectins, phytic acid,asaps, phytoestrogens, anti vitamins, allergens
and fibres. Protease inhibitors and lectins affgcotein digestion and utilization. There are
processing techniques that can reduce damagingtefi®@m anti nutrients in feed, such as
dry and wet heating, solvent extraction and enzyreatment. This has to be done with

caution, since the treatment can alter importaed feutrients too.

Soy protein concentrate (SPC) was used in the presaster thesis and this SPC is specially
designed for the animal feed industry (AppendixX-igure 9.4 and 9.5), and contain 65%
crude protein. In other trials with dietary SPCisifound to have no negative effects on feed
utilization and digestion, in certain concentratipfor salmon (Refstiet al, 1998) and cod
(Hansenet al, 2006). This is due to the production processIBLC, which inactivates anti
nutritional factors and removes soluble carbohyahence the soy protein becomes highly
digestible. Anyway, there is some trypsin inhibigativity and antigen activity in this SPC,
and for example, phytic acid can inhibit trypsirtiaty in salmon (Denstadlet al, 2006).
However, Franciset al (2001) reported that protease inhibitors, phgtaiad antigens at
normal levels in fish diets were unlikely to affegbwth performance, but soluble NSP and
saponins seem to be more important to be awaren giractical aquaculture nutrition.
Compared to fish meal the amino acid profile of pogtein is quite well balanced (Dersjant-
Li, 2002), but soy protein concentrate contain leethionine and lysine compared to fish
meal, so crystalline amino acids were added to megpiirements by NRC (1993). Wheat
gluten was also added as a protein source in gekifethe present trial (Appendix 1, Figure
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9.6 and 9.7.), and wheat gluten has high protemerd (80%). Hanseat al (2006; 2007a)
found that SPC combined with wheat gluten has bétd utilization and digestibility than
other plant sources used in their cod diets, thathy these ingredients are used in the present
trial. Wheat was added in all diets, as a bindiggna in pellets. The indigestible fibre
Vitacel® R 200 was added as the energy diluteheffeed (Appendix 1, Figure 9.1., 9.2. and
9.3.). Vitalcel is a highly purified powderedcellulose (99.5% cellulose), and claims to give
optimal effects on intestinal flora, better feedheersion ratios, increased protein digestibility,
lower mortalities, less diarrhoea diseases, betility and healthiness of the animal
populations. However, this is at low inclusion lesv@.35-2.0%), and Vitacel has not been

tried in cod diets before.

2.2.2 Fibre
Fibres, sugars, starch and glycogen are carbolegd(&@oultate, 2002). Carbohydrates are

normally added in small amounts in fish feed, foergy and as binding agents (in pellets),
and are reported to have protein sparing effectmidest al, 1995). Carbohydrates in fish
feed mostly come from plants, since fish is lovgipcogen. Cellulose, hemi-cellulose, lignin,
gums, seaweed polysaccharides, pectin, resistargthsand inulin are different fibre types
(Coultate, 2002). Bindings between fibre units at®ng, often linked af-linkages, and
therefore not available for intestinal enzymes (Hgn2001). Fibres can be characterised by
not being broken down by digestive enzymes in timalksintestine of mammals (Burkitt,
1979). Although, most fibres are partly broken dolwn bacteria in the large intestine of
omnivores, such as humans, and maybe cod (Hagtsah 2006). Colon bacteria ferment
sugar to get energy for growth giving many typeemd products, which can be absorbed by
the host. Different plant sources can have diffetgmes and amounts of fibre, therefore it is
important to know which carbohydrate types thatmesent in the plant feed ingredients and

how these interact, before adding them to fish .feed

All fibres (except lignin) are polysaccharides, @hican be classified into soluble and
insoluble fibres. Pectin and gum are soluble, hesflislose is partly soluble and cellulose is
insoluble. Cellulose is an important component lbpkant cell walls, and is built up by at

least 300(B-D-glucopyranose units (a sugar), which are linkagkether by3-1,4-glycosidic
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linkages, and strong hydrogen bindings (Coulta®®22, illustrated in Figure 2.2.1. Chitin, (a
polysaccharide, found in e.g. crustaceans) is ambdl cellulose (Campbell and Farrel, 2006).
Chitin has the same bindingg-1,4-glycosidic) as cellulose, and chitin may bsalbed as

cellulose with one hydroxyl group on each monomea¢etyl$-D-glucosamine).

Figure 2.2.1. Cellulose chair structurgy-D-glucopyranoses with 1-4 glycosidic bonds and
hydrogen bonds (Coultate, 2002).

Glucopyranose units are arranged in linear molscudad cellulose molecules form
microfibrils in plant tissues. This is a stable amdlered structure which gives cellulose
strength to be insoluble. Herbivore animals casdime extent utilize cellulose, because they
have specialized microorganisms in parts of thagestion system (Burkitt, 1979; Coultate,
2002). These microorganisms can secrete enzymeahwhn hydrolyse cellulose and release
free glucose. Further, the microorganisms get gnigggn fermenting glucose to short chain
fatty acids, for example butyric acid, which canasorbed and utilised by animals. Anyway,
cellulose digestion is a slow process, and thigradbably why herbivores have such a large

GIT, compared to carnivores.

Diets high in fibre give health benefits for humafe example lower number of bowel
disorders (Burkitt, 1979; Coultate, 2002). Fibrepmoves the musculature of the gut wall,
reduces the time potentially carcinogens spendhénbiowel, and it is indicated by research
that dietary fibre is probably good for more. Stilhe should be careful to regard high fibre
intake as only beneficial, because, for exampldiptacids can complex divalent cations and
cause calcium deficiencies. Furthermore, NSP magititas an anti nutrient, by reducing
utilization of other nutrients rather than supptymutrients (Krogdahét al, 2005). However,
there is little information about anti nutritiorfalctors of NSP in fish.
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2.2.3 Elements

When replacing fish meal with plant ingredientssitmportant to also consider utilization of
essential elements/minerals (Storebak&eal, 2000b). There are essential and non essential
minerals (Lorentzert al, 2001). Essential electrolytes are important far fiuid balance in
fish (sodium (Na), potassium (K) and chlorine (CEssential bone minerals are calcium
(Ca), phosphorus (P), magnesium (Mg) and sulphurESsential trace elements are arsenic
(As), zink (Zn), iron (Fe), manganese (Mn), copf@u), iodine (I), selenium (Se), fluorine
(F), chromium (Cr), cobalt (Co), molybdenum (Mognmadium (V), silicon (Si), nickel (Ni)
and tin (Sn). Some non essential elements, asdaeylmetals arsenic (As), cadmium (Cd),
lead (Pb) and mercury (Hg), can be very toxic. Haavealmost all minerals can be toxic with
a too high intake. Therefore, the requirement apgeu limit of minerals need to be
determined. Trace elements are needed in smalleurs than electrolytes and bone
minerals. There is not total agreement about whitherals that should be considered
essential, but it is mostly agreed that if a deficy can be proven when the mineral is left out
of the diet and that the symptoms disappears whemtineral is supplied again, then the
mineral is essential. Deficiencies in fish can éduced growth, poor feed utilization, reduced
appetite, cataract, decreased mineralization ofeforetc. Knowledge still lacks about
essential minerals, especially in fish. Thougheesal minerals described for other animals
may also be important for fish, 7 macro mineralsl a6 trace minerals have been
demonstrated as essential in 1 or more animal epébavis and Gatlin, 1996). Knowledge
about trace elements in fish are mainly limited~& Cu, Mn, Zn and Se (Davis and Gatlin,
1996; Watanbet al, 1997), the fish requirement for these, Co arglisied in Table 2.2.1.

Table 2.2.1. Fish requirement ranges for the trace elemerts; icopper, manganese, zinc,
cobalt, selenium and iodine. The table is copiethfiVatanbest al (1997).

Mineral Requirement *
Iron 30-170
Copper 1-5
Manganese 220

Zinc 15—40

Cobalt 0.05=1.0
Selenium 0.15-0.5
Todine 1=

! Expressed as mg mineral kg ' dry diet

Water is an important source for many minerals, @a Mg, Na, Fe, Zn, Cu, |, Se (Lorentzen

et al, 2001), which is also observed in experiments witkh cod and salmon (Lieet al,
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1982; Storebakkest al, 1998b; Wardet al, 2005). Fish may absorb minerals with gills and
intestine, however, the diet is the main sourcdl @rad Bishop, 1977). The mineral content in
sea water is quite constant, and fish drink wasea gart of their osmoregulation. To keep
homeostasis of minerals, the fish have regulatireghranisms, either absorption gradients
dependent on need (e.g. Cu, Zn, Fe) or a consthigtyabsorption with secretion of excess
minerals (e.g. Se, 1). Absorption regulation of & and Cu, mainly take place in the
intestine. lons from these metals are first tranggothrough microvillis into the intestinal

cell, where they are bound to specific intracetidarrier proteins, and transferred over the

basal membrane into the blood.

Bioavailability of nutrients in feeds is defined @ nutrient part that is digested, absorbed
and enters the biologic system or nutrient storiagish. Absorption of minerals can have
huge variations, depending on which chemical dtaéeminerals are in, inside the intestine.
Interactions with other feed ingredients also dffeement availability (Hilton, 1989).
Therefore, feed ingredient types used will influerlse need for adding extra minerals to the
diet. Element absorption also differs among speeigs coho salmorOncorhynchus kisutgh
and rainbow trout @ncorhynchus mykissexamined by Sugiurat al (1998). A high
bioavailability is reckoned as good for essentialarals, because less is needed to cover the
requirement. Also, a low content and high utiliaatwill reduce the mineral stream through
fish, which is environmentally friendly. For toximinerals, low bioavailability is an
advantage, and of course a low content in dietsddtermine digestibility of various trace
elements (Al, As, Co, Mo, Se, Sn) have been fouffetult, in salmon (Wardet al, 2005),
due to too low concentrations to provide accuratermation. In addition some digestibility
results often provided negative, probably due tespnce of these elements in the water.
Digestibility of Mn and Zn in cod is found to hawe significant difference between diets

with soy bean meal and fish meal (Fagrde-Skjseeti&l, 2006).

Essential trace elements analysed in this mastsistare Co, Cu, Fe, Mn, Mo, Se, Sn, V and
Zn. Other elements analysed are strontium (S®esifAg) and barium (Ba). Heavy metals
analysed are As, Cd, Pb and Hg. Therefore somegbaakd information about these
elements is included in the two following headlinessential elements and undesirable
elements. As is listed as both a heavy metal andsaantial element; here it is listed as an
undesirable, as only total As is determined, whihe possible essential As form is
arsenobetaine (Amlunet al, 2006).
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2.2.4 Essential elements
Zn is the trace element that is most abundant sh; fit exists in all organs and tissues

(Watanbeet al, 1997; Lorentzeret al, 2001). In biologic systems Zn appears as a divale
ion, which easy forms complexes with amino acidptjes and proteins. Zn is a part of the
metabolism of proteins, carbohydrates and nucletsaregulates synthesis of protein and is
a specific cofactor of several enzymes. Fish @iltn from both feed and water, but from
feed seems to be better utilized. Deficiencies mofcan give low digestibility of protein and
carbohydrates, fin damage and cataract. In addifonseparates from the other elements
with reduced growth as an early sign of deficientlis is probably due to Zn not having
easy turnover storages in the body and that Znpartof functions that directly control the
protein synthesis, ergo the growth. Adding Zn abélve minimum limit seems to be
necessary in fish meal based diets, since a higtenbof bone minerals (Ca and P) inhibit Zn
absorption (Watanbet al, 1997; Lorentzen and Maage, 1999). Plant ingresligke soybean
meal can also reduce Zn absorption (and other ehivahinerals). Studies with salmon show
that increased amounts of phytic acid inhibits Zisaaption (Storebakkeet al, 2000Db;
Denstadliet al, 2006).

Mn is important in functions of many enzymes (Ldeemet al, 2001), e.g. enzymes in the
mitochondria, which take part in the metabolisnfadf carbohydrates and protein. Absorption
from water is not likely, since the Mn content ieawater is very low (Davis and Gatlin,
1996). In addition, bioavailability of Mn from fisimeal is uncertain (Lorentzest al, 1996),
hence, it should be added in feed. Mn has a hugéysange in salmon, meaning that it can
be added in excess, without severe effects. Absorpdf Mn is hard to determine,
considering that a large part of Mn in the faecedikely to be endogenic Mn from bile.
Deficiency of Mn leads to weight reduction, defoties, etc. High dietary Ca an P can reduce
absorption of Mn (Watanbet al, 1997).

Fe exist in all cells, and is normally bound totpmes (Davis and Gatlin, 1996; Watanbée
al., 1997; Lorentzemt al, 2001), and homeostasis of Fe is controlled bgsitmal absorption.
Most Fe in fish and animals exist as haem-Fe, hredbtoavailability of haem-Fe is higher
than non-haem-Fe, in salmon (Andergtral, 1997). Fe is abundant in many foodstuffs, in
animals as well as plants, however, haem-Fe inmygglobin from meat or fish is better
absorbed than Fe from plant feeds (Coultate, 20BBnhe minerals in fish meal inhibit
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absorption of both haem-Fe and non-haem-Fe, in@althorentzen and Maage, 1999).

Reduced haemoglobin concentration is the most kredmof Fe deficiency.

Cu is essential for many functions studied in maisptis a part of several proteins and it is
necessary for optimal function of the immune sys(@atanbeet al, 1997; Lorentzert al,
2001), and deficiency of Cu has led to reduced grobsorption of Cu is thought to be well
regulated in fish (Berntsseat al, 2000), because absorption of Cu decreases witkasing
Cu in feed for salmon. The intestine is importantegulating Cu homeostasis in fish, and
high retention of Cu, from feed in to the intestkitiasue, leads to increased apoptosis in
intestinal cells. Availability of Cu depends on tpaysiological state of the animal and
amount of metabolic antagonists of Cu (e.g. Zn,&a, Mo), competing for binding sites on
proteins responsible for mineral absorption angforthesis of enzymes, however details in

fish are little known.

Se is an important component in enzymes, anti-oxidanctions and is a part of the
metabolism of | (Watanbet al, 1997; Lorentzeret al, 2001). Fish absorb Se from both
water and diet, and high levels can be toxic aedstifety range is narrow. Deficiencies of Se
can give reduced growth, increased mortality, Atéeed with more than 30% fish meal will
in theory cover the Se requirement for rainbow ttr@@ncorhynchus mykis§NRC, 1993).

However, the feed might contain components whicly reduce the Se bioavailability.

Co is a component of cyanocobalamin (vitargig) which is a conenzyme for enzymes
associated with synthesis of haemoglobin and mupottein. Therefore, dietary Co is
essential for growth and haematology in fish (Whteet al, 1997). Co can be absorbed from

the diet and from surrounding water.
Knowledge about other essential minerals as Mon @n is limited (Watanbet al, 1997,

Das, 2000). Deficiencies are demonstrated in masynathough, studies in fish are not

performed (Lorentzeet al, 2001).
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2.2.5 Undesirable elements
As is found in most marine organisms (Lorenteéml, 2001; Coultate, 2002). Accumulation

of As increases with increasing salinity, and As damage fat and carbohydrate metabolism.
Toxicity of As depends on chemical state and vaerMarine organisms mostly contain
organic pentavalent As (arsenobetaine), which ablstand less toxic than trivalent As.
Arsenobetaine is possible essential for fish, atiogr to studies with salmon and cod
(Amlund et al, 2006). Cd contamination mostly comes from indaktmpollution
(Baldisseretteet al, 2005), and contaminated food in water is a morgortant source than
water itself. Absorption of Cd increases when thegally concentration is low (Harrison and
Jefferson, 1992), and Cd is accumulated in thedgidfiver and intestines (Berntssehal,
2000). Damage from Cd can be increased stress Inesnand reduced carbohydrate
metabolism. Elevated dietary Ca can protect agalietry and waterborne Cd uptake in
rainbow trout (Baldisserettet al, 2005).

Hg occurs in different forms; free metal (Biginorganic Hg (H§"), salts, and alkyl-Hg
compounds (Coultate, 2002), these forms have véiferent toxicity and metabolism.
Organic compounds of Hg and Hg salts are most Hamar Alkyl-Hg compounds mostly
come from industrial pollution. Methyl-Hg will acowlate to dangerous levels, even though
if the pollutant is inorganic Hg salt or the freeetal (by anaerobic methane producing
bacteria in sediments). Hg biomagnifies up marioedf chains, since predatory fish can
accumulate Hg (Morekt al, 1998). Cod is found to readily absorb dietary hykeHg
(Amlund et al, 2007). Pb is less toxic to marine organisms coagpdo other metals,
however, fish contain low amounts of Pb (NIFES, 20@rganic compounds of Pb are most
toxic, but most Pb compounds have very low watéukslaty, which is the major factor for
the poor absorption of Pb from the gastrointestiraadt in humans (Coultate, 2002). Though,
Pb can inhibit the formation of haemoglobin. Abgmnp of Pb increases when the Ca

concentration in feed is low and Pb is mainly acelated in bone tissue.

Ba, Sr and Ag are not found to be vital for fishotner animals, therefore are they assumed to
be toxic or at least non essential for fish, altffoveports of this are not found, so they could
be essential in small amounts. Concentrations ofrBatoliths, are one of more element
concentrations used as identification to locate modery areas (Gibét al, 2007). Toxicity

of Ag occurs mainly in aqueous phase, dependingoocentration and form (Ratte, 1999). Sr
and Ag are little studied elements in marine bialagsamples (Ratte, 1999; Das, 2000).
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2.3 The digestive system and health

2.3.1 The digestive system

Nutrients are digested and absorbed in the gastsiinal tract (GIT) of fish (Buddingtoet
al., 1997). The GIT also have many other functiongpartant for the water and electrolyte
balance, a source of hormones which regulate dogeahd metabolic processes, and a part of

the immune defence. Figure 2.3.1. show some patkedsIT for a juvenile cod.

ST = Stomach
o PC = Pyloric Caeca
I = Intestine
o DC = Distal Chamber
s L N .
g \ \ _ L =Liver
- \~

Figure 2.3.1. Stomach (ST), pyloric caeca (PC), intestine (Btad chamber (DC) and liver
(L) to a juvenile cod about 100 g and 20 cm longgt&voll 10.10.07).

The GIT starts with throat (pharynx), gill openiagd gullet (oesophagus) which lead food to
the stomach (Bishop and Odense, 1966; Jobling gabnkland, 1992; Kryvi and Totland,
1997). Below oesophagus lies the stomach and iméssystem fastened with a thin
transparent membrane. Cod have a curved stomadhtharstomach “stores” feed and starts
the digestive processes. The stomach surface aressts of mucosa cells and one cell type
which secretes pro-forms of pepsin and hydrochlacid (HCI). Pepsinogen is activated into
pepsin when the pH is below 6. Hydrogen ion¥) @hd chloride ions (Qlare formed to HCI

in the stomach. Pylorus is in the end of the stdmamd the pyloric sphincter empties
stomach contents in portions into the intestined Gave a high number (~700) of narrow
pyloric caeca situated in a short section in theestine right after the pyloric sphincter
(Refstie et al, 2006b). Pyloric caecas increase absorptive stirfaea in the intestine
(Buddingtonet al, 1997). In addition, folds and villis in the inte® mucosa also increase the
intestine surface. The intestines main functioengymatic hydrolysis and food absorption
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(Jobling and Hjelmeland, 1992). At the end of th&estine, the distal chamber has a clear
separation from the intestine, with a clear thickgnof the mucosal wall, and the distal
chamber ends in anus. The liver lies in front ef ftmmen and produces bile and stores fat and
glycogen as energy reserves. Bile is stored ingdlé bladder, close to pylorus and the
intestine, and enters in the intestine close topyleric caecas. Pancreas lies between the

pyloric caecas, and secretes digestive enzymesthretintestine.

2.3.2 Digestion of nutrients
Protein and carbohydrates are hydrolysed by enzyseeseted from pancreas. Protein

digestion starts with denaturation and pepsin adtiche stomach, continuing in the intestine
by the action of trypsin and various peptidaseser@hare specific enzymes for different
carbohydrates and proteins. This hydrolysing proagses peptides and oligosaccharides,
which are further hydrolysed to amino acids andassigwhich are transported into
enterocytes. In carnivorous fish, protease actigitjkely to be connected to diet composition
(Buddingtonet al, 1997). However, carbohydrase appears to be gatgtiow. That is why

a too high amount of starch will affect digestioegatively (Hemre, 2001). Digestion of
carbohydrates varies between types of meal usédrgit meals contain different sugars and
bindings of these), molecule size, amount of caydadtes, carbohydrate types, fish species,
life stadium, temperature and feed intake. Mosh fimve the enzyme amylase, a starch
digesting enzyme (Jobling and Hjelmeland, 19923hFsecrete chitinase, but it seems like
most chitin digesting enzyme activity comes fronestinal bacteria. Chitinase activity in
Atlantic cod reaches a peak when it feeds on areatss, a big part of this is probably
because of high chitinase and chitin concentrationshe prey (Krogdahket al, 2005).
Digestion of carbohydrates in fish have been extehsresearched, but the information
about processes in carbohydrate digestion and ptiimois still not fully understood for any
species in aquaculture production (Krogdahlal, 2005). Amino acids in cod are mainly
absorbed in the pyloric caeca and intestine, bs@bion continues along the entire intestinal
tract (Liedet al, 1982; Lied and Solbakken, 1984). Digestion oidipstarts in the pyloric
caeca and intestine. Bile emulsifies lipid to nmegl so the lipids get more available for

enzymatic cleavage. Then fatty acids can be abdanbe enterocytes.
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2.3.3 Fibre; a digesting inhibitor?

Fibres are not broken down by digestion enzymethénfirst part of the intestine, but are
partly hydrolysed by bacteria in the last partlod intestine of omnivores. E.g. cellulose is
practically indigestible for most fish, and genbral is believed that most cellulose digesting
activity (cellulase) in fish intestine come fromchkeria. Though, whether cellulase have
endogenous or exogenous origin is still discusséawgdahl et al, 2005). Soluble fibre
thickens water layers in the intestine, which redabsorption of water soluble nutrients
(Figure 2.3.2.) (Hemre, 2001). Further, solubledilsan disturb digestive enzymes, which
results in reduced digestion of carbohydrates antem. In addition, soluble fibre can break
micelles which are necessary for good fat absampiérogdahl et al, 2005). In tilapia
(Oreochromis niloticus soluble fibre has caused diarrhoea like faecesontrast to the
insoluble fibre which enhanced faeces stability {#kwlaie et al, 2005). Due to these
negative effects from soluble fibre, the amountdusefeed binders is kept to a minimum.
Insoluble fibres increase feed flow rate through ititestine (Hemre, 2001), and fish get less

time to digest nutrients. This further confirmsttt@ much fibre is preferred to be avoided.
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Figure 2.3.2. Fibre interacting with nutrlents in fish mtestmmpled from Hemre (2001).

Feed utilization in salmon was reduced with higatally carbohydrate inclusion (Hemeé
al., 1989; Hemreet al, 1995), indicating negative influence from undigéesstarch, since
excess starch probably behaved like indigestildeefin the intestine. Soluble fibre in diets
for tilapia increased digestion viscosity, reduggdwth and digestibility of protein, fat and
starch (Amirkolaieet al, 2005). In contrast, moderate dietary cellulogkert affect digesta
viscosity, growth and digestibility. In addition,hen cellulose plus the soluble fibre were
added in feeds, it seemed like cellulose alleviatedative effects from the soluble fibre.
Experiments with both salmon and chicken found Hushe soybean products can negatively
affect digestion (Refstiet al, 1999). This could be due to anti nutritional eféefrom NSP,
which cause high viscosity in chicken guts, andaased water content in salmon guts.

25



Introduction

2.3.5 Health parameters

Haematocrit (Hct), red blood cell count (RBC) arekmmoglobin (Hb) are haematological
parameters that are important when evaluating fisklth (Sandne®t al, 1986; 1988;
Waagbg, 2001). Low values of haematological parareeprobably indicate anaemia.
Anaemia is a symptom that occurs in many diseds®as; nutritional, parasite, environmental
stress, environmental pollution, viral or bactenabin. This means that irregularities in fish
health are likely to be detected with haematoldgaelyses, but not the cause. Although,
mean cell volume (MCV), mean cell haemoglobin (MC&)d mean cell haemoglobin
concentration (MCHC) in combination with Hb, RBCdaHct give valuable information on
diagnostics of the origin of the anaemia. Haemgiokl parameters in fish vary depending on
seasonal variations, water temperature, age, iontr{fSandne®t al, 1988; Waagbg, 1999)
and maturation. Therefore it may be hard to confrbhematological parameters are normal
or not. Anyway, there are haematological valuesiéoin cod experiments (Liet al, 1990;

Hemreet al, 2002; Rosenlundt al, 2004; Olseret al, 2007), to compare our results with.

Aspartate aminotransferase (ASAT) and alanine aamsferase (ALAT) normally occur in
low levels in blood plasma (Racicet al, 1975). ASAT and ALAT are non plasma organ
specific enzymes, which are used as indicator®fgan damage. When cell membranes are
intact, these enzymes are found in low concentiatio plasma. When there is cell damage,
enzyme activity increases in the blood plasma. et&tion of these enzymes is efficient in
diagnosis of liver and kidney diseases in fish.al protein in blood plasma increases when
the fish is dehydrated (Sandretsal, 1986), but when total protein is low, it is adespecific
diagnosis of a disease. Blood glucose in cod has beported to increase with increased
dietary carbohydrate (Hemmet al, 1989; Rosenlunct al, 2004), this means that higher
carbohydrate inclusions have to be done with cautio

Sick or stressed fish eat and grow less, and haar feed utilization (Einen, 2001).
Therefore, elucidation of fish health during feegithe trial is needed, to know that it is
experimental feed affecting fish performance, amd the fish being sick or stressed.
Elucidation of fish health is of course also peried to find potential adverse effects from

experimental feed.
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3 Aim of the study

The aim of the study was to find possible effeatsrf including increasing amounts (0, 6, 12
and 18%) of non digestible fibre@{cellulose), as an energy diluter, in Atlantic cdiéts;
sustainable diets holding 50% plant meal (PP) p#s fish meal (FM) as protein source, or

diets holding 100% fish meal as protein source.

Main focus was to control liver sizes, without cawmpising total growth, utilization of

nutrients or fish health.

Further questions were; are there differences mtveed fed a plant based diet and a fish

based diet and are there effects from the incrgasicellulose, on any of the following:

- Growth (SGR and weight gain) and condition faciF)

- Feed utilization (feed intake, energy intake, protetake and FCR)

- Size of liver, muscle and gutted fish

- Protein and lipid utilization

- Digestibility of protein, lipid and dry matter

- Digestibility of elements (As, Co, Cu, Fe, Mn, M®e, Sn, V, Zn, Sr, Ag, Ba, Cd, Pb
and Hg)

- Concentration of elements in diets

- Fish health

- Composition of whole body and liver

27



Materials and methods

4 Materials and methods

4.1 Feeding experiment

4.1.1 Progress

The feeding trial was runned at Austevoll Aquaadt&esearch Station (Institute of Marine
Research, Norway) and the feed were produced bsttBig ARC (Stavanger, Norway). The
feeding trial started 1.Nov.2007, when the cod hadaverage weight of 138g (¥4g) and
lasted until 5.Feb.2008 (totally 97 days), with rage final weight of 312g (x11g). Totally
1444 cod were randomly distributed into 16 differeanks (from 89-93 cod per tank) three
days before the feeding trial started, since thia stressing procedure. Few cod died during
the trial (0-5 cod per tank). Progress overviewsamplings and measurements from the

feeding trial is given in Table 4.1.1.

Table4.1.1. Progress overview of samplings and measuremenitsgalilne feeding trial.
Organ

Procedure Date: Days | Weeks | Length | Weight samgples
First sampling 10.0kt.2007 * 0 0 X X X
First weighing 29.0kt.2007 ** 19 2.7 X X
Start feeding trial 01.Nov.2007 *** 3 0.4
Mid weighing 18.Des.2007 a7 6.7 X X
Final sampling
& weighing 05.Feb.2008 49 7.0 X X X
Total From first sampling 118 16.9
Total From feeding trial starts 96 13.7

* 10.0kt. - 1.Nov.2007: Adjustment to rearing cdrahs.
** 29.0kt.2007: Measurement and experimental set up

*** 1.Nov.2007: Feeding experiment starts.
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4.1.2 Rearing conditions
Fish tanks were dark green, 1.5 m in diameter anddeep. The trial was runned using light

continuously. Oxygen concentration in water was suead in outlet water, and adjusted to
always hold more than 89% saturation. Water wasrnakom 165m depth with a stable
temperature around 8°C and salinity around 35%s tiere obtained throughout the trial.
Atlantic cod juveniles used in this trial were puodd in a closed inlet (Parisvatnet), from a
local stock, and they were hatched in spring 2Q01il the trial started the cod were fed a
commercial cod diet (Amber Neptun, Skretting ASva@nger, Norway), declared to contain
52% crude protein and 18% crude fat, mainly orignta from high quality marine raw

materials. Cod juveniles arrived at Austevoll thveeeks before the feeding trial started and
adjusted to rearing conditions. Before the feednm started, the cod was also randomly
redistributed in all fish tanks. The fish were fedce a day by an automatic feeder (Storvik
skiveautomat, Storvik Aqua AS, Sunndalsgra, Norwayd each feeding lasted about 1.5
hour from 0900 in the morning. Outlet water wastsphost water went out as “waste”, but
water with waste feed was filtered, and waste faed dried over night at 65°C and then

weighed dry. Dead fish were registered, weighedrantbved every day.

4.1.3 Experimental design
Vitacel R 200 Superfine (J. Rettenmaier & S6hnesdRberg, Germany, data sheet in

Appendix 1; Figure 9.1., 9.2. and 9.3.), @cellulose, was added from 0 to 18 % in diets,

resulting in a regression design (Figure 4.1.1ojally 8 different diets were fed in duplicate.
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Figure 4.1.1. Inclusion levels ofu-cellulose in the 8 different experiment diets gmdtein
sources. Abbreviations: FM = fish meal, PP = 50 |&pprotein & 50 % fish meal, 0, 6, 12
& 18 = inclusions ofr-cellulose.
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The feed receipt is shown in Table 4.1.2. Fish nused was Norse LT (Vedde Herring Oil
Factory, Egersund, Norway) and plant materials usedliets were Soycomil (ADM,
Speciality Ingredients BV, Koog an de Zaan, Netmibk, data sheet in Appendix 1, Figure
9.4. and 9.5.) anavheat gluten (Gluvital 21040, Cerestar, Charlotiedl Denmark, data
sheet in Appendix 1, Figure 9.5. and 9.84ditional amino acids were added to all PP based
diets; the amino acids added were DL-methionineg(3sa, Hanau, Germany) and L-lysine
(Ajinomoto Eurolysine, Paris, France). Wheat wadeatin all diets. Fish oil was added in all
diets, to balance total lipid and fatty acids toelg@al. Nutrient requirement recommendations
followed NRC (1993); vitamin and minerals (Premixe®re added (Proprietary composition,
Skretting ARC, Stavanger, Norway) and mono-sodiutmosphate (Trouw Nutrition,
Boxmeer, Netherlands) was added in diets with 5pl&at protein.Yttrium was added in all

diets as an inert indicator to calculate digestipdf nutrients.

Table4.1.2. Feed receipt for the experimental diets.

Diets’

Ingredient (g/kg) FMO FM6 FM12 FM18 PPO PP6 PP12 PP18
Fish meal 713 670 627 585 362 341 319 297
Soycomil 0 0 0 0 185 174 163 152
Wheat gluten 0 0 0 0 148 139 130 121
Wheat 181 170 159 148 130 122 114 106
Fish oil 102 96 90 83 131 123 115 107
Premixes 3.2 3.0 2.8 2.6 3.2 3.0 2.8 2.6
DL-Methionine 0 0 0 0 3.3 3.1 2.9 2.7
L-lysine 0 0 0 0 8.2 7.7 7.2 6.7
Mono-sodium-

phosphate 0 0 0 0 29 27 26 23
Yttrium premix 1.10 1.03 0.97 0.90 1.10 1.03 0.97 0.90
Vitacel 0 60 120 180 0 60 120 180
Sum 1000 1000 1000 1000 1000 1000 1000 1000

*Abbreviations: FM = fish meal, PP = 50 % plant fgia & 50 % fish meal, 0, 6, 12 & 18 =
inclusions ofa-cellulose.
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All diets were analysed after the trial ended. €a#l1.3. and Table 4.1.4. show analysed

concentrations of nutrients and elements in diets.

Table 4.1.3. Analysed concentrations of dietary fat, protetarch, ash and dry matter, and
indigestible fibre, energy and PE (protein/enemgyip calculated from the analysed nutrients.

Dry-
Indigestible fibre**  Fat Protein Starch  Ash mat){er Energy***  PE-ratio*
Diets* % g/100g g/100g g/100g g/100g g/100g kJ-g®  mgP/kJg"’
FM 0 0.1 18.3 52.4 12.2 8.1 91.1 21.6 24.3
FM 6 5.0 16.9 50.2 11.6 7.8 91.5 20.5 24.6
FM 12 9.7 16.6 47.7 11.0 7.6 92.6 19.6 24.3
FM 18 15.1 15.1 44.8 9.7 7.1 91.8 18.1 24.7
PPO 3.0 21.3 50.7 10.2 7.6 92.8 22.0 23.1
PP 6 9.3 18.7 48.2 9.9 7.2 93.2 20.3 23.7
PP 12 12.7 17.4 44.6 8.9 6.7 90.3 18.8 23.7
PP 18 17.7 15.5 43.1 8.2 ok ok 17.6 24.5

*Abbreviations: PE = protein to energy ratio, FMish meal, PP = 50 % plant protein & 50
% Fish Meal, 0,6,12 &18 = % cellulose inclusions.

** Indigestible fibre = 100% - (Yowater + %fat + Ygpein + %starch + %ash).

= Total energy (kJ- g%) = protein (24 kd g*) + fat (38 kJ g*) + starch (17 kdg?), total
energy values by Jobling and Hjelmeland (1992).

***x* Analyse failed, a mean from the others are dige further calculations.

Table4.1.4. Analysed concentrations of elements in diets.

Elements (mg/kg) *
Diets*|Y Ag As Ba Cd Co Cu Fe Hg Mn Mo Pb Se Sn Sr V Zn

FMO |65 <0.01 3.7 0.88 0.19 0.08 7.3 200 0.09 25 0.24 <0.04 <0.2 <0.04 26 0.08 160
FM6 |68 <0.01 3.6 1.10 0.18 0.14 8.1 190 0.08 27 0.12 0.12 <0.2 <0.04 24 0.12 170

FM 12|65 <0.01 3.4 1.00 0.17 0.05 7.6 170 0.07 24 0.08 <0.04 <0.2 0.05 23 0.07 170
FM 18|64 <0.01 3.1 1.20 0.16 0.07 7.4 220 0.07 26 0.11 <0.04 <0.2 0.07 21 0.08 160

PPO |80 <0.01 2.4 3.40 0.13 0.19 10.0 290 0.04 54 0.87 <0.04 <0.2 <0.04 17 0.34 180
PP6 |66 <0.01 2.6 3.20 0.12 0.17 8.8 230 0.04 47 0.78 <0.04 <0.2 0.04 16 0.31 160

PP 12 |63 <0.01 2.4 3.10 0.11 0.16 7.7 240 0.04 46 0.70 <0.04 <0.2 0.05 15 0.28 140
PP 18 |58 <0.01 2.1 3.30 0.10 0.16 7.4 230 0.03 45 0.72 <0.04 <0.2 0.07 14 0.25 130

*Abbreviations: FM = Fish Meal, PP = 50 % Planttem & 50 % Fish Meal, 0,6,12 &18 =
% a-cellulose inclusions, Y=yttrium, Ag=silver, Ba=lnan, Cd=cadmium, Co=cobalt,
Cu=copper, Fe=iron, Hg=mercury, Mn=manganese, Mdynaenum, Pb=lead,
Se=selenium, Sn=tin, Sr=strontium, V=vanadium andzinc.
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4.2 Sampling procedures

There were two samplings during the trial. Firsmphng (10.0kt.2007) was before the
feeding trial started and before the cod wereibtisted in different tanks. Final sampling was
when the feeding trial ended (05.Feb.2008). At fihal sampling all fish were weighed
(grams) and length (cm) measured. There were aé$ghimg and length measurements of all
the cod three days before the feeding trial staatetiin middle of the trial (18.Des.2007), but
at those days no fish were sampled for furthershgations.

At first sampling, 20 randomly selected fish weikkel with a blow to the head, and then
weighed and length measured. Livers were dissextddveighed on all 20 fish, to calculate
the liver index (HSI). Carcasses and livers for2dllcod were pooled and homogenized at
NIFES with a kitchen machine (Braun K 3000). These samples were stored at —20 °C,

until whole body and liver analyses were performed.

Final sampling was performed 12 hours after lastlifeg, for each tank. Same procedures as
in initial sampling were carried through at finahgpling. However, at final sampling, 16 cod
from each of the 16 tanks were used. From each thkod were used for whole body and
faeces samples, and 6 cod for blood and liver sesnplillet weights were also measured on
the 6 cod and all 16 cod were used to measure Hé&lgatted weight. The cod were also
dissected for brain and intestine samples, butetmesults will not be a part of this master
thesis. Blood samples were taken from the caudmidovessels, just behind the ventral fin
(Vena caudalis), with heparinized syringes. Theas wne blood sample from each cod and
this was divided in three parts. First, two parfstite blood samples were centrifuged
(Haemofuge, Heraeust Christ) at 3000 rpm, less than hour after blood samples were
taken. One part was used to measure Hct on indivgamples, and from the second part the
plasma was pooled to one sample per tank. The plasmmples were then frozen on liquid
nitrogen and stored at -80 °C until analyses werapdeted 16 days after sampling. The third
part was used to measure RBC and Hb at NIFES onaftex sampling, keeping samples at 4

°C. The 10 faeces samples from the same tank wakeg to one sample per tank. Faeces

32



Materials and methods

were sampled by stripping the last part of thestte of the cod, as described by Herare
al. (2003). Faeces were stored at -20 °C, until &eslyvere performed.

An overview of samples taken and what they werdyard for is listed in table 4.2.1. All
analyses were carried through at NIFES during gi2008, autumn 2008 and winter 2009.

Table4.2.1. Samples taken and what they were analysed for.

Samples Sampling | What different samples were analysed for

taken date

Whole body 10.0kt.07 Protein| Fat | Dry matter Glycogen Ash

Whole body 05.Feb.08Protein| Fat| Dry matter Glycogen Ash

Feed 05.Feb.08Protein| Fat | Dry matter Starch Ash Elements***
Faeces 05.Feb.Q8Protein| Fat| Dry matter Starch Elements***
Liver 05.Feb.08 Protein| Fat| Dry matter Glycogen

Blood 05.Feb.08 Haematocritf Haemoglobin Red blood cell count

Plasma 05.Feb.0BASAT* ALAT** Plasma glucose

*Alanine aminotransferase.

**Aspartate aminotransferase.

***Yttrium, silver, barium, cadmium, cobalt, copperiron, mercury, manganese,
molybdenum, lead, selenium, tin, strontium, vanadand zinc.
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4.3 Analytical methods

To get reliable results the analytical methods hgwed quality insurance and some are
accredited. There are quality controls and calibngt that must be performed together with
the analyses of samples. How to get good qualisurasice of analytical methods are

described in Appendix 2.

4.3.1 Determination of total protein in liver, whole body, feed and faeces
Total protein was measured in homogenates of liwdmle body, feed and faeces. Most

nitrogen in a fish comes from protein, therefordatal nitrogen analysed. This method is
based on the principle that mean content of nitndgeamino acids are 16 %, and when total
nitrogen is determined it can be multiplied with2%.to find approximate protein
concentration. Total nitrogen was measured withtegen analysing instrument (LECO-
FP528) according to Leco FP-528 manuals and AOA(ialf methods of analyses (1995),
16 th. Ed. Metode 992.15: “Crude protein in meal areat products, combustion method”
This method is accredited at NIFES.

In the nitrogen analyser, samples were burned wxtfgen in a combustion tube at 950 °C.
The carrier gas helium leads g@vater and nitrogen through a reduction tube wicepgper
reduces oxygen from nitrogen. Water and,@@re also removed and only nitrogen gas and
helium (carrier gas) were left. Nitrogen contentswaeasured with a thermal conductivity
detector which measures deviance from helium’s abrn@at conduction ability. Samples
were quantified with a calibration curve. Reactitimst took place in the nitrogen analyser are

following:

Reactions in combustion tube:
R-NH; + O, + sample— N, + NO; + H,O + SQ + CO,

Reaction in reduction tube:
NO, + H,O + CQ + SQ, + Cu (solid) + He (carrier gasy N, (gas) + HO (gas) + C@(gas)
+ S (solid) + CuO (solid) + He (carrier gas)
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4.3.2 Determination of fat in liver and whole body
Total fat in liver and whole body was measuredraftglacetate extraction according to Lie

(1991), and this method is accredited at NIFESs Thia gravimetric method, which means
that samples are weighed before and after extractidat with etylacetate. An aliquot from

samples were taken out and were filtrated, so tha® only fat and etylacetate left. Then
etylacetate was steamed off, fat was weighed aludilations back to total fat concentration

in samples was performed according to the followarghulae:

, _ Etylacetae (ml) C Fat (g) 100
Total fat in sample . .
Weighedsample(g) O(Aligout (ml) — (L10Fat (g))

4.3.3 Determination of fat in feed and faeces
A more accurate method is needed to find totalnfdeed and faeces, due to more complex

matrix. Therefore, acid hydrolysis was used, axmiesd by the EU commission directive
98/64/EC in the Official journal of the Europeamuaunity (nr L257/23, 19.Sept.98, part B);
Community methods of analysis for the determinatbamino acids, crude oils and fats, and
olaquindox in feedingstuffs and amending DirectRd393/EEC (http://eur-lex.europa)eu

Tecator application note AN 301, REV 3.0 “Solventr&ction using the Soxtec System” and
Tecator application note ASN 3427 “The extractidntatal fat in feed”. This method is
accredited at NIFES.

This is a gravimetric method. When analysed, fegdfrbm samples were pre-extracted with
n-heptan, and then centrifuged. The solid residas taken away from the extract, and then
n-heptan steamed off so that the extraction resftiee fat) could be measured. To remove
possibly bound fat from the solid residue, this vagdrolysed with hot HCI (Hydrochloric
acid) and n-heptan, in an incubator. Then the meptease was transferred to an extraction
cup and the solid residue was transferred to a talemn (Varian CHEM ELUT CE1010
Column, capacity to 10ml, art.nr12198007, Holgechrelgy). In the LLE-column fat was
extracted with petroleum and was then also traredeto the extraction cup, where the
solvent steamed off and the extraction residug (fas weighed. The two extraction residues

were added up and then calculated back to total fat
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4.3.4 Determination of glycogen in liver and whole body and starch in
feed

Digestible carbohydrate in liver, whole body anddevas determined according to Herate
al. (1989) using a modified method originally desedlby Murat & Serfaty (1974) and Holm
et al (1986). At the final stage glucose was measuneal MAXMAT™ PL (Multi-purpose
diagnostic analyser, version 3.0.0, revision 8. MMXT S.A, France). This method is not
accredited at NIFES.

In principle samples were enzymatically hydrolyseth a heat stable-amylase (thermamyl)
and amyloglukosidase, to get free glucose. In Maxkla automated reaction took place
between glucose and a glucose reagent solutiomaiogntwo enzymes; hexokinase and
glucose-6-phosphate-deshydrogenase (G6PDH), thiewfoly reactions took place in
MaxMat:

ngse
D-glucose + ATP D WCEPE — Glucose-6-phosphate + ADP

P
Glucose-6-phosphate + NA’DE| ﬁ E‘-I — D-gluconate-6-phosphate + NADH + H

Then the formed NADH was measured photometric a wavelengths; main: 340 and
associated: 450, as 1 molecule of glucose forms dlecule of NADH. Glucose was
guantified using a calibration curve. Then glucesmcentrations were used to calculate

digestible carbohydrate concentrations in sampléh, the following formulae:

Result from MaxMat (mmol/L) C18018[ 0.9
Sampleweight(g) OTotal volume(ml)

Starch/glycogen in sample (mg/qg)

180.18 = calculation factor from mmol/L to mg/L

0.9 = correction factor from glucose to glycogeanst/digestible carbohydrates
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4.3.5 Determination of dry matter in feed, whole body, liver and faeces
Dry matter was analysed in feed, whole body aneér]iaccording to NMKL (Nordic

committee on food analysis) method 23, 3.editioB911 UDC 637.5. This method is
accredited at NIFES. Samples were dried in 1040°@nd dry matter. This is a gravimetric

method and dry matter concentration was calculatddfollowing formulae:

_Dryed sample(g) C100

Dry matter (g/100
Y (@ 9 Wetsample(g)

Faeces were freeze dried to determine dry mattece sthe same faeces samples were
afterwards used for analysing elements. To freege shmples were frozen at -20 °C and
water was extracted from the frozen sample by vaciruthe freeze dryer (Christ Gamma 1-
16 LSC), where the water goes from ice to vapotrs Ts also a gravimetric method and dry

matter was calculated with following formulae:

_Freezedried sample(g) 100

Dry matter (g/1009) Wetsample(Q)

4.3.6 Determination of ash in feed and whole body
Ash was analysed in feed and whole body, accoringMKL (Nordic committee on food

analysis) method 23, 3.edition, 1991, UDC 637.5isTimethod is accredited at NIFES.
Samples were burned at 550 °C to find ash conféms is a gravimetric method and ash

content was calculated with the following formulae:

_Burnedsample(g) L100

Ash (g/100g) Wetsample(g)
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4.3.7 Determination of Yttrium and other elements in feed and faeces

Yttrium (Y) was measured by means of an ICP-MS (bitve Coupled Plasma Mass
Spectrophotometer). This is a multi element instotmso it was also used to analyse other
elements (Y, Ag, Ba, Cd, Co, Cu, Fe, Hg, Mn, Mo, BB, Sn, Sr, V and Zn) in feed and
faeces. Analyses were performed according to NMKbrflic committee on food analysis)
method nr.186, 2007 and Julshaetral (2007). This method was not accredited at NIFES
when these samples where analysed, due to reaaotiyng of instruments. Samples were
mixed with nitric acid and hydrogen peroxide andevthen digested in a micro wave oven
(Milestone, Microwawe digestion system, MLS-1200 gde Microwawe digestion Rotor,
MDR 300/10). Measurements of trace elements ware tjuantified by the ICP-MS (Agilent
7500c with HP-computer, with Chem Station). In lB& an argon gas stream transform to a
plasma beam where the samples are atomised. Thiilng ionic plasma is shot in to the
MS, where ions are focused and only ions with @agemass are able to pass the filter and
reach the detector. That is how concentrations itferdnt elements are measured. By
changing properties of the filter several elemerds be measured in the same sample.
Concentrations of trace elements were calculated nisans at a calibration curve.
Additionally it was used an internal standard, té better control over results, since an
internal standard is added directly with the sam@ed have therefore gone through same

treatment as the samples.

4.3.8 Determination of haematocritt (Hct), red blood cell count (RBC) and
haemoglobin (Hb) in blood

Blood chemical analyses (Hct, RBC and Hb) wasquaréd according to Sandnes al
(1988). Hct was analysed at sampling as explairztiee and Hb and RBC one day after
sampling. Hb was analysed as described by the amlhter producer (Seqoia-Turner
Corporation). Diluter 771 Swelab Instrument andl-Csin 400 (Seqoida Turner) was used to
analyse the RBC and Hb in blood samples. Theseadsthre not accredited at NIFES. When
analysing RBC, blood was first diluted to a fittiegncentration for the cell counter. Red
blood cells were determined from increased restgtan an electricity field between two
electrodes in the cell counter. After RBC was g, the same blood was used for
analysing Hb. The blood samples were added a cyamthining solution, which results in
ruptures in blood cell walls and leakage of Hb. idba pigment and could therefore be

measured photometrical at 540 nm.
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4.3.9 Determination of aspartate aminotransferase (ASAT), alanine
aminotransferase (ALAT), glucose and total protein in blood plasma

Pooled plasma were analysed for ASAT, ALAT, glucesel total protein. Analyses were
performed according to methods described for thalyaing instrument MAXMATY PL
(same instrument as used for determining glycogeliver and whole body, and starch in
feed). These methods are also not accredited &ESIIASAT was measured by the principle
that NADH (reduced NAD) is oxidised to NADand this results in a decrease in absorbance
at 340 nm. This decrease in absorbance is dirgcdportional with activity of Glutamate
Oxaloacetate Transaminase (GOT) in samples, GOdlss called ASAT. The following

reactions take place in MaxMat:

-
L-Aspartate + 2-Oxoglutarate<— Eﬁ — Oxaloacetate + L-Glutamate

|
Oxaloacetate + NADH + H < Ma ﬁlﬁyﬁgﬂﬁ — L-Malate + NAD

ALAT was measured by the same principle as ASATAASs also called Glutamate-

Pyruvate Transaminase (GPT). The following reastiake place in MaxMat:

=
L-Alanine + 2-Oxoglutarate < E[ﬁ — Pyruvate + L-Glutamate

Pyruvate + NADH + A < ﬁcﬁeﬁlyﬁgﬂﬁ — L-Lactat + NAD'

Glucose in plasma was measured by the same penagblycogen in MaxMat. However, a
“digestion process” of samples is of course notdeddor plasma as glucose exists as such in
plasma. Protein in plasma was measured by the ipkenthat proteins form a coloured
complex in presence of copper salt in an alkalioleiteon (Biuret reaction). The following
reaction takes place in MaxMat:

tyrat
Proteins+Cu2+D Eﬁ — Coloured comple

The coloured complex is measured photometricallyp4® nm, and the intensity of the

coloured complex is directly proportional to proteoncentration in the sample.
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4.4 Calculations

Calculations that have been performed with resudts analyses of samples and growth data

from the trial are as follows:

SGR (specific growth rate) = 100 % (In W In W) d* = % per day
(Wo = initial body weight, W= final body weight, d = sum experimental days)

FCR (feed conversion ratio) 2_ecdeaten(g)
Weightgain (g)

Liver weight(g)
Live weight(g)

HSl (hepatosomatic index) (1100
Nutrientin faeceg%)
Yttriumoxidein faeceg%)
Nutrientin feed (%)
Yttriumoxidein feed(%)

ADC (apparent digestibility coefficient) #00 1+

(Liver weight(g))C100
(Length(cm))®

CF (condition factor) =

MCV (mean cell volume) o 110
RBC

MCH (mean cell haematocrit) =|£ 110
RBC

MCHC (mean cell haemoglobin concentration)lz% (1100

_Live weightgain (g)

PER (protein efficiency ratio) -
Proteineaten(g)

Proteinretention(g)
Protein eaten(g)

PPV (protein productive value)

Live weight gain (g) ££nd weight(g) —Start weight(g)

Eaten feed(g) C Proteinin feed(%)
10C

Protein retention = Protein end biomass (g) — Rratart biomass (g) + dead fish biomass (Q)

Protein eaten (g) =
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Biomass (by end and start) = Mean weight * numibdist in tank

. _ A
Protein in biomass (g)l:_%lomass(g) C pro;eol(r:nn whole fish (%)

_Totalenergyin feed(kJ* g -1) * feedeaten(g/ day/ tank)
Numberof fishin thetark

Energy intake (kJfish/day)

45 Statistics

Statistica (StatSoft, Inc. 2008. data analysisveafeé system, version 8.0. www.statsoft.com)
was used for statistical analyses. Linear regrassias performed, on both FM and PP diets,
to evaluate if there were any effects from the easinga-cellulose, on growth parameters,
digestibility parameters and analytical results.e®@man rank order correlation was
performed, on both FM and PP diets, to evaluatepayametric correlations between growth
parameters, digestibility parameters and analytieaults. The two different series of diets
(FM and PP), were compared, when both regressi@s hvere significant, to find if they had
different slopes and elevations. Comparing equalftywo regression coefficients involves
student’st (Zar, 2005), to find if the slopes are differentt-fest was used when examining if
the elevations are different. This was done in @rekspreadsheet (Microsoft Excel 2002).
Most results are presented with standard deviat{@i¥), which are also calculated in an

excel spreadsheet.
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5. Results

5.1 Growth and feed utilization

5.1.1 Growth and feed utilization during week 0-7

The first 7 weeks (01.Nov.2007-18.Des.2007) witbwgh data from the feeding trial are
listed in Table 5.1.1.

Table 5.1.1. Initial and final 7-week-weight (g), final lengtim¢n), 0-7-week-weight gain
(%), condition factor (CF; initial and 7-week), sge growth rate (SGR), feed conversion
ratio (FCR), mean energy intake (kJ/cod/day) andmfeed intake (g/cod/day) for Atlantic
cod fed 8 different diets in duplicate, in trial-®ke0-7. Weight and length measurements are
given as mean £SD. Number of cod in each tank iekvilewas from 89 to 93 and in week 7 it
was from 88 to 93 in each tank. From 0 to 2 codl dhecach tank.

Trial-week 0 7 7 0-7 0 7 0-7 0-7 0-7 0-7
Weight  Weight  Length \Aéeal?nht CF CF SGR FCR iEteaeI?e Ilzr?tearlgey
Diets* 9 9 mm % g kJ
FM 0 135424 222439 265420 64 109 120 1.07 073 135 30
FM 0 138423 217436 260+16 57 112 117 098 077 130 29
FM 6 135428 221443 262427 63 111 124 107 075 137 29
FM 6 138427 225440 268+18 63 114 120 1.06 076 141 29
FM 12 130+28 223443 268423 61 110 116 103 081 146 29
FM 12 136+30 218+44 265+19 60 115 118 103 080 139 28
FM 18 135426 228+43 26320 68 114 126 113 079 155 29
FM 18 138420 222437 264+17 60 118 123 102 084 149 28
PP O 142+33 229457 264+21 61 112 123 104 073 135 30
PP 0 133430 214+44 262+19 61 116 118 104 072 127 29
PP 6 141+31 224+45 260+21 59 114 129 101 076 135 28
PP 6 145+32 215452 261+22 48 116 112 0.85 087 128 27
PP 12 141+28 213446 264+22 51 112 115 089 090 137 26
PP 12 132+30 209443 250+22 58 114 117 100 088 143 28
PP 18 138429 214443 258+17 55 111 118 096 090 147 26
PP 18 140+29 202459 257+22 44 111 117 080 102 135 24

*Abbreviations: FM = fish meal, PP = 50% plant @iot& 50% fish meal, 0, 6, 12 & 18 =
inclusions ofa-cellulose (on a weight basis).
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The initial cod weight was 138 +3.5g, and afteré&eks they had grown to 218 £7.2g. There
was a tendency to decreased weight with increaseellulose for cod fed PP diets%F0.49,
p=0.054), Figure 5.1.1., however, for cod fed the diets there were no effects on weight.
The cod had good weight gain during the first prwith an average of 58 £6.2%, which
was not influenced by increaseaecellulose. Average specific growth rate (SGR) W&

+0.09, and there were no effects on SGR from irsgea-cellulose.

250
- o R2=0,22 A
C y A = 7N
= O § O
(@)]
‘D 200 e)
= R? = 0,49
A FM o PP
FM PP
150 : ‘ ‘
0 6 12 18

a-cellulose (%)

Figure 5.1.1. Regression with weight (g), after 7 weeks, for éed four increasing levels of
a-cellulose in; four FM diets (Y=219.89 + 0.22x*#®.22, p=0.25) and four PP diets (Y=
222.43 - 0.83x, R=-0.70,°R0.49, p=0.054). Abbreviations: FM = fish meal, #B0% plant
protein & 50% fish meal.

Average cod length was initially 229 +2.7mm and 2&8nm in week 7. In week 7, lengths
varied from 258 to 268mm between all dietary groupsngths decreased slightly with
increased-cellulose in PP diet groups 180.56, p<0.05), however, not in FM diet groups.
Average condition factor (CF) in week 0 was 1.13080 and in week 7 the average CF was

1.2 +0.04. Increased-cellulose in diets had no effect on CF.
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Feed conversion ratio (FCR) was at average 0.818t0ncreased-cellulose led to increased
FCR for cod fed both FM and PP diets (FM’=R.62, p<0.05, PP: ®0.82, p<0.05), see
Figure 5.1.2., and the two regression lines ameifsegntly different. Average feed intake was
1.39 £0.08g/fish/day. Feed intake increased witidasedx-cellulose, for cod fed FM diets
(R?=0.85, p<0.05) and tended to increase for cod feddrts (R=0.46, p=0.067), Figure
5.1.3. Average energy intake was 28 +2kJ/fish/dayergy intake decreased with increased
a-cellulose for cod fed PP diets%®.71, p<0.05), Figure 5.1.2., but cod fed FM dredd no

effects.
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Figure 5.1.2. Regression with feed conversion ratio (FCR) anédmenergy intake per day
for individual cod, from week 0-7, for cod fed founcreasing levels odi-cellulose in; four
FM diets and four PP diets (FCR: FM: Y=0.75 + 0X0R=0.79, B=0.62, p=0.021 and PP:
Y=0.73 + 0.02x, R=0.91, R0.82, p=0.002), (Energy intake: FM: ¥:30 — 0.06x, R=-0.60,
R?=0.36, p=0.12 and PP: Y=29.18 — 0.21x, R=-0.840%71, p=0.009). Abbreviations: FM =
fish meal, PP = 50% plant protein & 50% fish meal
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Figure 5.1.3. Regression with mean feed intake (g) per dayrfdividual cod, from week O-
7, for cod fed four increasing levels ofcellulose in; four FM diets (Y=1.3209 + 0.0104x,
R=0.92, B=0.85, p=0.001) and four PP diets (Y=1.3021 + 03%)6R=0.67, R=0.45,

p=0.067). Abbreviations: FM = fish meal, PP = 50mnp protein & 50% fish meal.
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5.1.2 Growth and feed utilization during week 7-14, and compared to
week 0-7

Growth data from the last 7 weeks (18.Des.2007-4052008) are given in Table 5.1.2. At
final sampling in week 14, average cod weight wh8 811.2g. The weight gain in the last
period was at average 43 £5.2%. Increasaxtllulose did not result in any significant effect

on final weight or weight gain.

Table5.1.2. Final weight (g), final length (mm), weight gain Y%inal condition factor (CF),
specific growth rate (SGR), feed conversion raB@R), average energy intake (kJ/fish/day)
and average feed intake (g/fish/day) for Atlantid ¢ed eight different diets in duplicate from
trial-week 7-14. The weight and length measuremantsgiven as mean +SD. There was
from 88 to 93 cod/tank in week 7 was and in weektlas from 86 to 92 cod/tank. 0 to 5
cod died in each tank.

Trial-week 14 14 7-14 14 7-14 7-14 7-14 7-14
Weight Length Weight .Feed Energy
gain CF SGR FCR intake intake

Diets* g mm % g/fish/day kJ/fish/day
FM 0 304+76 296 +22 37 1.16 0.67 0.99 1.63 36
FM 0 320+76 299120 48 1.18 0.83 0.82 1.74 38
FM 6 301+74 293124 36 1.18 0.66 0.92 1.49 31
FM 6 330+79 301%20 47 1.20 0.82 0.85 1.84 38
FM 12 318+80 299 +25 42 1.18 0.75 0.89 1.72 35
FM 12 323+86 299124 48 1.19 0.84 0.83 1.78 36
FM 18 328+72 299 +21 44 1.21 0.78 0.95 1.93 36
FM 18 301+84 293+24 36 1.18 0.65 1.10 1.79 33
PPO 315+103 298 +29 38 1.19 0.68 0.89 1.55 35
PPO 299+133 293124 40 1.17 0.71 0.95 1.58 36
PP 6 323+91 298 +27 44 1.20 0.78 0.99 1.97 41
PP 6 323+110 299 +29 50 1.19 0.87 0.90 1.97 41
PP 12 300+91 294 +29 41 1.15 0.73 0.99 1.75 34
PP 12 305+94 294 +27 46 1.17 0.80 0.95 1.85 36
PP 18 300+86 294 +25 40 1.17 0.71 1.09 1.90 34
PP 18 308 +102 298 +29 53 1.14 0.90 0.89 1.94 35

*Abbreviations: FM = fish meal, PP = 50% plant @iot& 50% fish meal, 0, 6, 12 & 18 =%
inclusions ofa-cellulose (on a weight basis).
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Average weight of all diet groups, in trial week@and 14, is shown in a growth curve in
Figure 5.1.4. Weight gain from week 7-14 seemelgetdigher in PP groups witi-cellulose,
than the other diet groups, Figure 5.1.5. SGR duweek 7-14 was at average 0.76 +£0.08m,
and was not significantly influenced by increasedellulose. SGR was generally less in the
second period (week 7-14) than in the first pefwdek 0-7).
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Figure 5.1.4. Growth curve with average cod weight (g) of th@ldiate tanks with the same
feed (n=2), in trial-week 0, 7 and 14. AbbreviasoRM = fish meal, PP = 50% plant protein
& 50% fish meal, 0, 6, 12 & 18 = % inclusionswtellulose (on a weight basis).

i ek
o =
i T I mFM 12
= T OFM 18
o — mPPO
= mPP6
I
o O
= |
0-7 7-14 _
Trial-week +/- = max/min

Figure 5.1.5. Bar graph with average weight gain (%) of the thgté tanks with the same
feed (n=2), in trial-week 0-7 and 7-14. Abbreviaso FM = fish meal, PP = 50% plant
protein & 50% fish meal, 0, 6, 12 & 18 = % inclussoofa-cellulose (on a weight basis).
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Final length was at average 297 £2.8mm, and weteigaificantly affected by increased
cellulose. Final average CF showed 1.18 +0.02 anadirdjetary groups, and was not affected

by increasedi-cellulose.

Average FCR was 0.94 +0.08 in the last 7 trial-veeelcreaseda-cellulose had no
significant effect on FCR in the last period, akad in the first period. But FCR seemed to
be higher, in most diet groups, in the second peian in the first period, Figure 5.1.6. Feed
intake in the last period averaged 1.78 +0.15gfiaf, and tended to increase with increased
a-cellulose, for cod fed PP diets%®.39, p=0.10), however, not for cod fed FM didtsed
intake for week 0-7 and week 7-14 is illustratedFigure 5.1.7. Energy intake in the last
period was at average 36 *3kJ/fish/day, and wasafifeicted by increased-cellulose.

Energy intake for week 0-7 and week 7-14 is illatgd in Figure 5.1.8.
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Figure 5.1.6. Bar graph with average feed conversion ratio (FGRJuplicate tanks with the
same feed (n=2), in trial-week 0-7 and 7-14. Ablagons: FM = fish meal, PP = 50% plant
protein & 50% fish meal, 0, 6, 12 & 18 = % inclussoofa-cellulose (on weight basis).
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Figure5.1.7. Bar graph with average feed intake (g/cod/dayjudlicate tanks with the same
feed (n=2), in trial-week 0-7 and 7-14. Abbreviaso FM = fish meal, PP = 50% plant
protein & 50% fish meal, 0, 6, 12 & 18 = % inclussoofa-cellulose (on weight basis).
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Figure 5.1.8. Bar graph with average energy intake (kJ/cod/ddyjuplicate tanks with the
same feed (n=2), in trial-week 0-7 and 7-14. Abkaeons: FM = fish meal, PP = 50% plant
protein & 50% fish meal, 0, 6, 12 & 18 = % inclussoofa-cellulose (on weight basis).
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5.1.3 Growth and feed utilization during total period (week 0-14)

Growth data from the total period (01.Nov.2007-@5.2008) are listed in Table 5.1.3. and
Table 5.1.4. Weight gain average was 126 +8.5%,\ated from 112-142% between the
different dietary groups. Weight gain was not aféecby increased-cellulose. Average SGR

was 0.88 +0.04. There were no influence from ineeda-cellulose on SGR.

Table 5.1.3. Weight gain (%), specific growth rate (SGR), feemhwersion ratio (FCR),
average daily energy intake (kJ/fish/day), averdaéy feed intake (g/fish/day) from the total
feeding trial (week 0-14), gutted weight (g), togpitted yield of whole body (%), one fillet
side (g), total fillet yield of whole body (%) arider index (HSI) from final sampling for
Atlantic cod fed eight different diets in duplicatEeach. There was from 89 to 93 cod/tank in
week 0 and in week 14 it was from 86 to 92 cod/t&mkm 0 to 5 cod died in each tank.

Trial-week 0-14 0-14 0-14 0-14 0-14 14 14 14 14 14
V\geallignht SGR FECR iEteaelge I;:rrl]tearlgey Gutted* Fillet HSI
Diets** % g/cod/day kJ/cod/day g % g %
FMO 124 0.87 0.86 1.50 33 270 82 75 42 105
FMO 132 090 0.80 1.52 34 2904 82 87 46 108
FM 6 123 0.86 0.84 1.44 30 267 83 79 44 95
FM 6 140 0.94 0.80 1.63 34 287 82 89 48 104
FM 12 129 0.89 0.85 1.59 32 263 83 76 44 9.6
FM 12 138 093 081 1.59 32 302 81 103 47 10.6
FM 18 142 095 0.87 1.75 32 200 81 87 47 108
FM 18 117 0.83 0.97 1.64 30 264 84 80 46 94
PP O 121 085 0.1 1.46 33 284 84 84 45 114
PP O 125 0.87 0.84 1.45 32 258 82 83 45 10.8
PP 6 130 0.89 0.87 1.68 35 283 82 86 44 105
PP 6 122 0.86 0.88 1.64 34 279 81 92 46 10.9
PP 12 112 0.81 0.95 1.60 31 238 82 73 43 10.1
PP 12 131 090 0.91 1.65 32 267 82 76 45 10.8
PP 18 117 0.84 0.99 1.70 31 252 82 71 45 105
PP 18 120 0.85 0.96 1.65 30 297 81 104 47 107

*Gutted weight is total body weight without intetrmgans in abdomen and pericardium.
**Abbreviations: FM = fish meal, PP = 50% plant feim & 50% fish meal, 0, 6, 12 & 18 =
% inclusions ofx-cellulose (on a weight basis).

Average FCR was 0.88 +0.06, and FCR increasedfgignily with increasedi-cellulose for
cod fed PP diets R0.94, p<0.05), but not for cod fed FM diets. Féethke showed an
average of 1.59 +0.09¢g/fish/day. Feed intake irgzdawith increased-cellulose for cod fed
both FM and PP diets (FM:%R0.58, p<0.05, PP: 0.78, p<0.05), Figure 5.1.9., but the
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regression lines were not significantly differefinergy intake was at average 32 + 2
kJ/fish/day. Energy intake decreased with increasedllulose for cod fed PP diets%0.51,
p<0.05), Figure 5.1.10, but not in FM based treatisie
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Figure 5.1.9. Regression with feed intake, from week 0-14, fod ted 4 increasing levels of
a-cellulose in; four FM diets (Y=1.49 + 0.01x, R=6,7”°=0.58, p=0.03) and four PP diets
(Y=1.51 + 0.01x, R=0.78,%0.61, p=0.02). Abbreviations: FM = fish meal, PBG% plant
protein & 50% fish meal.
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Figure 5.1.10. Regression with energy intake, from week 0-14 cfutt fed 4 increasing levels
of a-cellulose in; four FM diets (Y=33.07 — 0.10x, R=9, R=0.24, p=0.21) and four PP
diets (Y=33.68 — 0.18x, R=-0.72,%80.51, p=0.046). Abbreviations: FM = fish meal, P
50% plant protein & 50% fish meal.
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At trial end the average gutted weight was 275 +18@l gutted yield of whole body was at
average 82 1%, average one side fillet weight 8&<10g and total fillet as part of whole
body weight was at average 45 = 1.5%. None of tipasameters were significantly affected
by increasedx-cellulose. Gutted weight, fillet weight and liverdex (HSI) are calculated
from weight of sampled cod and not total averagateof all cod in the trial. Three weeks
before the feeding trial started, when all cod wk@ equal feed, the HSI averaged 11.9
+0.8% and at the end of the trial HSI averaged #0.%%. All diet groups seemed to have
lower final HSI compared to initial, Figure 5.1.1HSI was not significantly affected by

increasedax-cellulose in any of the diet groups.

i

HH

Start FM O FM 6 FM 12 FM 18 PPO PP 6 PP 12 PP 18
10.0kt.07 05.Feb.08

Figure 5.1.11. Average liver index (HSI) from first sampling (d8t.2007) (n=20) + SD and
average HSI from duplicate cod tanks fed same fiemd last sampling (5.feb.2008) (n=2)
= max/min. Abbreviations: FM = fish meal, PP = 5@%nt protein & 50% fish meal, 0, 6, 12
& 18 = inclusions ofx-cellulose.

Efficiency ratios and productive values for protaimd lipid in the total period (01.Nov.2007—
05.Feb.2008) are listed in Table 5.1.4. Efficiemaos and productive values for starch and
ash in the total period are listed in Appendix 8blE 9.1., and will not be discusséderage
protein efficiency ratio (PER) was 2.37 £0.11 amaiigtary groups and was not influenced
by increasedx-cellulose. Protein productive value (PPV) was agely 0.37 £0.02 among
diet groups andx-cellulose did not affect PPV. Lipid efficiency i@at(LER) averaged 6.52
+0.64. LER increased with increaseetellulose for cod fed PP diets ®.63, p<0.05), and
tended to increase also for cod fed FM diets=(R39, p=0.098), Figure 5.1.12. Average lipid
productive value (LPV) was 0.42 +0.06 amdatellulose did not affect LPV.
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Table 5.1.4. Protein efficiency ratio (PER), protein productivalue (PPV), lipid efficiency

ratio (LER), lipid productive value (LPV), starclifieiency ratio (SER), starch productive
value (SPV), ash efficiency ratio (AER) and ashduaiive value (APV) for Atlantic cod fed
eight different diets in duplicate of each, frore tiotal feeding trial (week O to 14).

Diets* PER PPV LER LPV
FM 0O 221 0.35 6.33 0.42
FM 0O 2.38 0.36 6.81 0.50
FM 6 2.37 0.36 7.03 0.38
FM 6 241 0.40 7.15 0.43
FM 12 2.43 0.38 6.97 0.37
FM 12 2.57 0.40 7.38 0.46
FM 18 2.53 0.41 7.53 0.51
FM 18 2.30 0.34 6.84 0.27
PPO 2.42 0.38 5.76 0.51
PPO 2.28 0.37 5.44 0.36
PP 6 231 0.35 5.96 0.40
PP 6 2.32 0.35 5.97 0.44
PP 12 2.19 0.34 5.62 0.35
PP 12 2.45 0.37 6.28 0.39
PP 18 2.28 0.35 6.37 0.43
PP 18 2.47 0.36 6.88 0.45

*Abbreviations: FM = fish meal, PP = 50% plant @iot& 50% fish meal, 0, 6, 12 & 18 =%
inclusions ofa-cellulose (on a weight basis).
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Figure 5.1.12. Regression with lipid efficiency ratio (LER), ineek 14, for cod fed four
increasing levels adi-cellulose in; four FM diets (Y=6.72 - 0.03x, R=8,63=0.39, p=0.098)
and four PP diets (Y=5.58 - 0.05x, R=0.78:&63, p=0.02). Abbreviations: FM = fish meal,
PP =50% plant protein & 50% fish meal.
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5.1.4 Correlations between growth parameters

Some spear man rank order correlations betweentlgrparameters from the first period,
second period and total period in the feeding (radek 0-7, 7-14 & 0-14), are presented.

SGR did not correlate with feed intake in the tqtatiod (0-14), or in the first period (0-7),
but there was a significant positive correlatiomwsen SGR and feed intake in the second
period (7-14) for cod fed PP diets (R=0.74, p<0.@kjt not for cod fed FM diets. Weight
gain, consequently, also correlates in the sameas&yGR. Increased SGR did correlate with
increased energy intake in the first period for éed PP diets (R=0.91, p<0.05), but not for
cod fed FM diets. Increased SGR tended to correlatie increased energy intake in the
second period, for cod fed FM diets (R=0.62, p=R.b0t not with PP diets. Increased SGR
slightly tended to correlate with increased enanggke in the total period for cod fed FM and
PP diets (FM: R=0.60, p=0.12, PP: R=0.60, p=0.Exyure 5.1.13. Feed intake did not
correlate with energy intake in any of the periddswer FCR correlated with a high energy
intake in the total period for cod fed PP diets {®®#4, p<0.05), but not FM diets. FCR
decreased with increased energy intake in the fiestod for cod fed PP diets (R=-0.91,
p<0.05), but not FM diets. FCR did not significgntorrelate with energy intake in the
second period, for cod fed either FM or PP diets.
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Figure 5.1.13. Spearman rank order correlation between energkéntkJ) and SGR, from
week 0 to 14, for cod fed four increasing levelsoetellulose in; four FM diets (R=0.60,
p=0.12) and four PP diets (R=0.60, p=0.12). Ablatens: FM = fish meal, PP = 50% plant
protein & 50% fish meal.
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Energy intake and feed intake did not correlathhM\AER or PPV. Increased SGR correlated
with increased PPV and PER for cod fed FM dietsMPR=0.93, p<0.05, PER: R=0.76,
p<0.05), but not PP diets. FCR did not correlatié WiPV or PER for cod fed PP diets or FM
diets, although, there was a tendency for incrgaBiDR with decreasing PPV for cod fed PP
diets (R=-0.69, p=0.058).

Increased HSI correlated with increased PPV for famd FM and PP diets (FM: R=0.67,
p<0.05, PP: R=0.86, p<0.05). HSI did not correlaiitn PER in any diet groups. Larger total
fillet yield in cod correlated with increased PHWY cod fed FM diets (R=0.71, p<0.05), but
not PP diets. Larger total fillet yield in cod textto correlate with increased PER, for cod fed
FM diets (R=0.69, p=0.058), but not PP diets. HRIPV correlated with high PER for cod
fed FM diets (R=0.93, p<0.05 and), but not PP diets

Increased LER correlated with increased PER forfedd=M diets and tended to for PP diets
(FM: R=0.81, p<0.05, PP: R=0.67, p=0.07). LER arfe\VLdid not correlate with energy
intake. Increased LER correlated with increasedl fieéake for cod fed PP diets (R=0.79,
p<0.05), but not FM diets. LPV did not correlatdwieed intake. LER did not correlate with
SGR, FCR or HSI. LPV increased with increased SGRcod fed FM diets (R=0.83,
p<0.05), but not PP diets. LPV increased with iasesl HSI for cod fed FM diets (R=0.95,
p<0.05), but not PP diets. LPV did not correlatthvACR.

Increased SGR (week 7-14) correlated with a higH, H& cod fed FM diets, (R=0.74,
p<0.05), but not PP diets. Higher HSI correlatethwai higher live weight in week 14 for cod
fed FM diets (R=0.86, p<0.05), but not PP dietghdr HSI tended to correlate with higher
energy intake for cod fed FM diets (R=0.62, p=0,1Qjt not PP diets. FCR (week 7-14) did
correlate with a decreased HSI for cod fed PP {R+s0.83, p<0.05), however, not FM diets.
Increased HSI did not correlate with feed intake.
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5.2 Digestion

5.2.1 Digestibility of fat, protein and dry matter (week 14)

Digestibility of fat, protein and dry matter frorhe final sampling (05.Feb.02) are listed in
Table 5.2.1. The apparent digestibility coeffici¢ADC) for fat was averagely 93.7 +2.4%.
Digestibility of fat decreased with increaseecellulose for cod fed FM and PP diets (FM:
R?=0.65, p<0.05, PP: R0.72, p<0.05), Figure 5.2.1., but the two reg@sdines are not

significantly different. Average ADC for protein wa5.3 £2.1%. There were no significant
differences in protein ADC caused by increageckllulose. The average ADC for dry matter
was 69.1 +5.5%. Dry matter ADC decreased with iaseela-cellulose for cod fed FM and

PP diets (FM: R=0.83, p<0.05, PP: R0.78, p<0.05), Figure 5.2.2., and the two regoessi

lines are not significantly different.

Table5.2.1. Apparent digestibility coefficients (ADC) for peh, fat and dry matter.

Diets* ADC (fat) ADC (protein) ADC (dry matter)
FMO 96.7 85.5 79,0
FMO 94.2 80.6 73.6
FM 6 95.1 87.1 76.0
FM 6 94.8 83.3 71.4
FM 12 94.3 86.2 70.8
FM 12 94.9 85.7 69.5
FM 18 90.1 81.6 61.3
FM 18 91.5 86.4 63.3
PP O 97.5 87.2 76.7
PP O 95.0 83.4 69.2
PP 6 93.4 85.6 67.8
PP 6 95.1 86.7 70.5
PP 12 94.1 86.7 66.8
PP 12 92.4 87.2 66.8
PP 18 88.3 86.9 62.9
PP 18 92.0 85.4 60.6

*Abbreviations: FM = fish meal, PP = 50% plant @iot& 50% fish meal, 0, 6, 12 & 18 =
inclusions ofa-cellulose (on a weight basis).
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Figure 5.2.1. Regression with apparent digestibility coeffici@ADC) for fat, in week 14, for
cod fed four increasing levels afcellulose in; four FM diets (Y=96.0712 - 0.2373= -
0.81, R= 0.65, p= 0.016) and four PP diets (Y= 96.38 28,3R=-0.85, R= 0.72, p=0.008).
Abbreviations: FM = fish meal, PP = 50% plant pioi& 50% fish meal.
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Figure 5.2.2. Regression with apparent digestibility coefficiADC) for dry matter, in week
14, for cod fed four increasing levels micellulose in; four FM diets (Y=77.45 — 0.76x, R=-
0.91, R=0.83, p=0.002) and four PP diets (Y=73.07 — 0.6®x;0.88, R=0.78, p=0.004).
Abbreviations: FM = fish meal, PP = 50% plant pmoi& 50% fish meal.
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5.2.2 Digestibility of essential elements (week 14)

The apparent digestibility coefficients for essaihgélements analysed, from the final sampling
(05.Feb.2008), are presented in table 5.2.2.

Table 5.2.2. Apparent digestibility coefficients (ADC) (%) fothe essential elements
analysed; Cobalt (Co), Copper (Cu), Iron (Fe), Marese (Mn), Molybdenum (Mo),
Selenium (Se), Tin (Sn), Vanadium (V) and Zinc (Zn)

Diets*** Co Cu Fe Mn Mo Se Sn \% Zn
FM 0O 24 14 o 54 *x * * * 25
FM O 21 13 24 71 47 * * * 43
FM 6 50 32 13 56 32 * * 20 38
FM 6 53 21 26 79 7 * * 31 55
FM 12 *x 11 6 49 *x * o o 28
FM 12 *x 32 19 81 *x * o o 58
FM 18 *x 14 37 86 *x * * 2 60
FM 18 22 26 38 79 *x * * * 51
PPO 3 24 25 71 65 * * 11 47
PPO *x *x 19 63 67 * * o 29
PP 6 *x *x 3 67 71 * o o 33
PP 6 *x 8 10 76 72 * 2 10 42
PP 12 1 14 19 75 64 * o 7 46
PP 12 *x 9 33 77 71 * * 13 35
PP 18 *x 3 23 83 67 * * 0 48
PP 18 *x 0 29 89 66 * * 7 49

*Element was below LOQ (limit of quantificatiom) faeces or/and feed. More details about
LOQ and parallel measurements in Appendix 4, Tat2¢9.3. and 9.4

*ADC result below 0%. More details in Appendix Bable 9.5.

***Abbreviations: FM = fish meal, PP = 50% plantgbein & 50% fish meal, 0, 6, 12 & 18 =
inclusions ofa-cellulose (on a weight basis).

Cobalt (Co) ADC was mostly below 0%; therefore @&sanot possible to test if there were any
effects from the increasexdcellulose. Copper (Cu) ADC was below 0% in twalod PP diet
groups, but the average in all other diet groups #+10%. Cu ADC was not significantly
influenced by increased-cellulose. Iron (Fe) ADC was below 0% in one FMfplicate;
however, average Fe ADC for the rest of the dietigs showed 22 +10%. Fe ADC was not

significantly influenced by increasedcellulose.
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Average ADC for manganese (Mn) was 72 +12% amongdigtary groups. Mn ADC
increased with increasealcellulose, for cod fed PP diets (R=0.88, p<0.@5yure 5.2.3.,
although, not FM diets. ADC for molybdenum (Mo) waslow 0%, for most cod fed FM
diets, however, Mo ADC for cod fed PP diets wasaaerage 68 +3%, and was not
significantly affected by increasedi-cellulose. Selenium (Se) was below limit of
guantification in both feed and faeces, therefareldt Se ADC not be calculated in any diet
groups. Tin (Sn) was below limit of quantification FMO, FM6 and PPO in feed and in one
PPO replicate in faeces, consequently Sn ADC coatde calculated in those. Sn ADC was
below 0% in the rest of the diet groups, excepinfane PP6 replicate where ADC for Sn was
2%. Vanadium (V) ADC was below 0% in FMO, FM12, oR&118 replicate, one PPO
replicate and one PP6 replicate. In the rest ofdibes V ADC was low and ranged from O-
31%. Average ADC for zinc (Zn) was 43 +11% among dikt groups, and was not

significantly affected by increasedcellulose.
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Figure 5.2.3. Regression with apparent digestibility coeffici€ADC) for Manganese (Mn),
in week 14, for cod fed four increasing leveletellulose in; 4 FM diets (Y=60.75 + 0.97x,
R=0.49, B=0.24, p=0.22) and four PP diets (Y=65.75 + 1.02x0.88, R=0.77, p=0.004).
Abbreviations: FM = fish meal, PP = 50% plant pnoi® 50% fish meal.
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5.2.3 Digestibility of undesirable elements (week 14)

The apparent digestibility coefficients for undabie elements analysed, from the final
sampling (05.Feb.2008), are shown in table 5.2.3.

Table 5.2.3. Apparent digestibility coefficients (ADC) (%) fahe undesirable elements;
Silver (Ag), Barium (Ba), Arsen (As), Cadmium (Cdyercury (Hg), Lead (Pb) and
Strontium (Sr).

Diets*** Ag Ba As Cd Hg Pb Sr
FM O * 24 86 15 72 * *x
FM O * 36 81 *x 67 * *x
FM 6 * 6 88 31 75 *x *x
FM 6 * 54 84 7 70 69 *x
FM 12 * 11 85 16 73 * *x
FM 12 * *x 86 32 63 * xx
FM 18 * 64 79 16 * * *x
FM 18 * 40 85 21 * * *x
PP O * 41 82 15 * * *x
PP O * 15 75 *% * * *%
PP 6 * 32 82 *% * * *%
PP 6 * 40 82 *% * * *%
PP 12 * 50 83 7 * * *x
PP 12 * 38 82 *x * * *x
PP 18 * 57 81 *x * * *x
PP 18 * 56 81 *x * * *x

* Element was below LOQ (limit of quantificatioir) faeces or/and feed. More details about
LOQ and parallel measurements in Appendix 4, Tat2¢9.3. and 9.4.

** ADC result below 0%. Details in Appendix 4, Tab.5.

***Abbreviations: FM = fish meal, PP = 50% plantgtein & 50% fish meal, 0, 6, 12 & 18 =
inclusions ofa-cellulose (on a weight basis).
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Silver (Ag) was below the quantification limit iroth feed and faeces. ADC for total arsenic
(As) was at average 82 £3%, and was not affectaddrgasedr-cellulose. Average ADC for
barium (Ba) was 38 £18%. ADC for Ba increased wiitreasedx-cellulose for cod fed PP
diets (R=0.81, p<0.05), Figure 5.2.4., but not FMtzl Cadmium (Cd) ADC was mostly
below 0% for cod fed PP diets, and therefore ncusted, but Cd ADC for cod fed FM diets
had an average at 20 +9%. Cd ADC for cod fed FMsdieas not affected by increased
cellulose. Mercury (Hg) ADC was below limit of guditation for cod fed PP and FM18
diets. Hg ADC for cod fed FMO, FM6 and FM12 dieteemged 70 +4%, and was not
significantly influenced by increaseal-cellulose for cod fed FMO, FM6 and FM12 diets.
Lead (Pb) was mostly below limit of quantificationall diet groups, except for cod fed FM6
diets, where Pb ADC was below 0% in one replicatkwas 69% in the other. Strontium (Sr)

ADC was below 0% in all diet groups.
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Figure 5.2.4. Regression with apparent digestibility coefficidADC) for Barium (Ba), in
week 14, for cod fed four increasing levelsuetellulose in; four FM diets (Y=25.04 + 1.01x,
R=0.36, R=0.13, p=0.43) and four PP diets (Y=26.88 + 1..¥x0.81, R=0.66, p=0.014).
Abbreviations: FM = fish meal, PP = 50% plant pmoi& 50% fish meal.

61



Results
5.2.4 Faeces composition (week 14)

Protein, fat and dry matter in faeces, from finamgling (05.Feb.2008), are presented in
Table 5.2.4. Average protein in faeces was 4.4 %1.@rotein in faeces decreased with
increaseda-cellulose for cod fed FM and PP diets (FM*=B.91, p<0.05, PP: &R0.92,
p<0.05), Figure 5.2.5., and the two regressiorslimere significantly different. Average fat in
faeces was 0.6 £0.1%, and was not significantljparfced by increaseatcellulose. Average
dry matter in faeces was 17.4 +1.6%. Dry mattefaaces increased with increasad
cellulose for cod fed FM and PP diets (FM=R.64, p<0.05, PP: 0.66, p<0.05), Figure
5.2.6., however, the two regression lines weresmgificantly different. Faeces colour after
freeze drying was darker in FMO, FM6 and PPO tmalcM12, FM18, PP6, PP12 and PP18.

Table 5.2.4. Faeces compositions at trial end; protein, fat drydmatter, week 14. Nutrient
values are given in wet weight.

Protein Fat Dry matter Colour**
Diets* % % % description
FM 0 6.1 0.5 15.4 dark
FM 0 6.0 0.6 14.1 dark
FM 6 5.4 0.7 18.4 dark
FM 6 5.9 0.6 18.4 dark
FM 12 4.7 0.7 19.2 light
FM 12 45 0.6 18.5 light
FM 18 4.2 0.8 18.2 light
FM 18 3.5 0.7 19.4 light
PPO 4.8 0.4 15.9 dark
PPO 4.4 0.6 15.0 dark
PP 6 3.7 0.7 15.9 light
PP 6 4.0 0.6 17.2 light
PP 12 35 0.6 17.9 light
PP 12 3.6 0.8 18.9 light
PP 18 2.9 0.9 17.7 light
PP 18 3.1 0.6 18.0 light

*Abbreviations: FM = fish meal, PP = 50% plant miot & 50% fish meal, 0, 6, 12 & 18 =
inclusions ofa-cellulose (on a weight basis).
**The colour of faeces is described with eyesidgiterafreeze drying.
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Figure 5.2.5. Regression with protein in faeces (%), in week fb4,cod fed 4 increasing
levels ofa-cellulose in; four FM diets (Y=6.18 - 0.13x, R=98, R=0.91, p=0.0002 and four
PP diets (Y=4.5025 - 0.0833x, R=-0.96=B.92, p=0.0002). Abbreviations: FM = fish meal,
PP = 50% plant protein & 50% fish meal.
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Figure 5.2.6. Regression with dry matter in faeces (%), in wéékfor cod fed 4 increasing
levels ofa-cellulose in; four FM diets (Y=15.79 + 0.21x, R80, R=0.64, p=0.018) and four
PP diets (Y=15.70 + 0.15x, R=0.81°-R.66, p=0.014). Abbreviations: FM = fish meal, P
50% plant protein & 50% fish meal.
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5.2.5 Correlations between digestibility coefficients and growth
parameters

Some spear man rank order correlations for digéstivalues and growth parameters from

the feeding trial are presented

HSI did not correlate with ADC for fat, for cod f&M and PP diets. Increased HSI correlated
with decreased protein ADC in FM diet groups (R86).p<0.05), but not PP diets. A high
feed intake resulted in higher ADC for Mn and Zor, €od fed FM diets (R=0.86, p<0.05),
but not PP diets. A high PPV tended to be founauianeously as Zn ADC increased, for
cod fed FM diets (R=0.69, p=0.058), but not PP sdidhcreased LER correlated with
increased ADC for Mn for cod fed FM and PP dietM{ARR=0.74, p<0.05, PP: R=0.91,
p<0.05). Increased ADC for Mn correlated with irased ADC for Zn for cod fed FM and PP
diets (FM: R=0.98, p<0.05, PP: R=0.76, p<0.05).

SGR and weight gain decreased coincided with higdgerADC for cod fed FM diets (R=-

0.94, p<0.05). Increased ADC of protein correlateth increased ADC for Cd, for cod fed
FM and PP diets (FM: R=0.79, p<0.05, PP: R=0.79).@5). Increased ADC for protein
correlated with increased ADC for total As, for ciedl FM diets (R=0.76, p<0.05), but not
PP diets. High total As ADC was found simultaneguwgith high Cd ADC in all diet groups

(FM: R=0.69, p=0.058, PP: R=0.86, p<0.05). Higlaktéts ADC also correlated with high Cu
ADC, for cod fed PP diets (R=0.76, p<0.05), but At diets.

As a result of lower ADC for fat, faeces valueswhd higher residue fat levels, for cod fed

FM diets (R=-0.78, p<0.05), and there was a tenglencorrelation for cod fed PP diets (R=-
0.68, p=0.062).
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5.3. Fish health

5.3.1 Haematological values (week 14)

Haematological values from the final sampling (@nR2008) are given in Table 5.3.1.
Haematocrit (Hct) varied from 24-33% between aditdjroups. Red Blood Cell count (RBC)
varied from 1.51-2.380'/L among all diet groups. Haemoglobin (Hb) rangednfr8.93-
4.85/100ml in all diet groups. Mean cell haemoglobin @amtration (MCHC) ranged from
13-18g/100ml. Mean cell volume (MCV) varied from9t194 10"°L among all dietary
groups. Mean cell haemoglobin (MCH) ranged from3D2t0°g in all diet groups. None of

the haematological values were significantly infloed by increased-cellulose.

Table5.3.1. Haematological values in Atlantic cod fed eiglftetient diets in 14 weeks.

Hct* RBC* Hb* MCHC* MCV* MCH*
Diets* (%) *10" /L g/100 ml g/100 ml 10™°L 10°g
FM 0 28 1.71 4.65 17 162 27
FM 0 28 1.65 4.90 18 170 30
FM 6 28 2.05 4.82 17 138 24
FM 6 28 1.65 4.55 16 168 28
FM 12 35 1.79 4.85 14 194 27
FM 12 27 1.78 4.82 18 154 27
FM 18 28 2.36 4.42 16 119 19
FM 18 25 1.51 3.93 16 164 26
PP O 27 2.01 4.55 17 132 23
PP O 28 1.63 4.47 16 169 27
PP 6 24 1.61 4.36 18 149 27
PP 6 30 1.74 4.68 16 170 27
PP 12 33 1.69 4.37 13 194 26
PP 12 28 1.79 4.80 17 158 27
PP 18 26 1.74 4.47 17 149 26
PP 18 27 1.63 4.27 16 168 26

*Abbreviations: FM = fish meal, PP = 50% plant @iot& 50% fish meal, O, 6, 12 & 18 =
inclusions ofa-cellulose (on a weight basis), Hct = HaematodRBC = Red blood cell
count, Hb = Haemoglobin, MCHC = Mean cell haemoglotoncentration, MCV = Mean
cell volume and MCH = Mean cell haemoglobin.
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5.3.2 Clinical and nutritional values (week 14)

Clinical and nutritional values in blood plasma disted in Table 5.3.2. Aspartate
aminotransferase (ASAT) ranged from 1-49 U/L andmihe aminotransferase (ALAT) from
0-18 U/L among all diet groups. Plasma glucose edrnfigom 3.5-7.5mmol/L among all diet
groups. Total protein ranged from 23.9-40.1g/L agalh dietary groups. None of the clinical

or nutritional values were significantly influencby increasedi-cellulose.

Table 5.3.2. Clinical and nutritional values in blood plasmaAitiantic cod fed eight different
diets for 14 weeks.

ASAT* ALAT* Glucose* Total protein*
Diets* (U/L) (U/L) (mmol/L) (g/L)
FMO 20 5 45 32.2
FMO 17 0 55 33.3
FM 6 16 18 4.9 38.0
FM 6 17 3 4.4 28.6
FM 12 20 10 4.4 31.3
FM 12 18 7 4.6 34.7
FM 18 19 0 4.8 36.0
FM 18 8 0 35 23.9
PPO 17 13 4.9 34.2
PPO 7 10 4.6 38.1
PP 6 16 0 4.1 30.9
PP 6 4 0 5.2 38.0
PP 12 1 6 7.5 40.1
PP 12 49 12 55 28.8
PP 18 40 16 6.1 34.6
PP 18 21 6 3.9 32.5

*Abbreviations: FM = fish meal, PP = 50% plant m@iot& 50% fish meal, 0, 6, 12 & 18 =
inclusions ofa-cellulose (on a weight basis), ASAT = Aspartatarastransferase and ALAT
= Alanine aminotransferase.
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5.4. Whole body and liver compositions

5.4.1 First sampling (3 weeks before feeding trial started)

Whole body composition of protein, fat, glycogery thatter and ash, from the first sampling
(10.0ct.2007), three weeks before the feeding tst@rted, are listed in Table 5.4.1.
Nutritional values are given in wet weight. Proteiancentration was 14.9%, fat 8.7%,
glycogen 0.07%, dry matter 27.1% and ash 2.1%.

Table 5.4.1. Average whole body composition of protein (%), {#&), glycogen (mg/g), dry
matter (%) and ash (%), from the first sampling.d€.2007), three weeks before fish
distribution and feeding trial onset. Nutrient v@duare given in wet weight.

Protein Fat Glycogen Dry matter Ash
% % % % %
Start* 14.9 8.7 0.07 27.1 2.1

*Average from cod before feeding trial started, wiadl cod were fed equal feed.
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5.4.2 Final sampling (week 14)

Whole body composition from the last sampling (@».R2008) are given in Table 5.4.2.
Values here are all given on a wet weight basisteih in whole body was at average 15.3
+0.5%. Protein in whole body decreased with incedas-cellulose for cod fed PP diets

(R*=0.51, p<0.05), Figure 5.4.1., but not for cod Fd diets. Whole body fat averaged 7.4
+0.6%, average glycogen level was 0.05 +0.01% awydnthtter averaged 26.4 +0.5%, and
either of these three parameters were influenceshdrgasedx-cellulose for cod fed FM or

PP diets. Whole body ash averaged 2.3 +0.3%. Askhole body tended to decrease with
increasedx-cellulose for cod fed PP diets %R0.66, p=0.074), however, not for cod fed FM

diets.

Table 5.4.2. Whole body composition at trial end (05.Feb.2008)tritional values are given
in wet weight.

Protein Fat Glycogen Dry matter Ash
Diets* % % % % %
FMO 15.6 7.5 0.04 26.4 2.5
FMO 15.3 7.9 0.07 27.0 2.2
FM 6 14.9 6.9 0.04 25.4 2.2
FM 6 16.2 7.1 0.05 26.5 2.3
FM 12 15.4 6.8 0.03 25.8 2.6
FM 12 15.6 7.3 0.05 26.1 2.1
FM 18 15.8 7.5 0.05 26.9 2.4
FM 18 14.9 6.1 0.03 25.5 2.6
PPO 15.5 8.7 0.05 26.4 2.4
PPO 15.7 7.4 0.04 26.8 2.6
PP 6 14.8 7.5 0.04 26.2 2.0
PP 6 15.1 7.9 0.05 27.2 2.8
PP 12 14.5 7.2 0.05 26.1 2.2
PP 12 15.3 7.3 0.05 26.5 2.1
PP 18 14.9 7.6 0.05 26.7 2.1
PP 18 14.8 7.5 0.06 26.6 1.9

*Abbreviations: FM = fish meal, PP = 50% plant @iot& 50% fish meal, 0, 6, 12 & 18 =
inclusions ofa-cellulose (on a weight basis).
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Figure 5.4.1. Regression with protein in whole body (%), in webk, for cod fed four
increasing levels adi-cellulose in; four FM diets (Y=15.512 — 0.005¥=R.01, p=0.84) and
four PP diets (Y=15.42 — 0.040x’#0.51, p=0.047). Abbreviations: FM = fish meal, P
50% plant protein & 50% fish meal.

Liver composition at final sampling is presentedTiable 5.4.3. Among diet groups the
average liver protein was 4.2 £0.6%, liver fat 62183%, liver glycogen 0.36 +0.06% and
dry matter 74.5 +1.0%, and neither protein, faycgbgen nor dry matter in liver were

significantly affected by increasedcellulose, in any of the diet groups.

Table 5.4.3. Liver composition at trial end (05.Feb.2008). Nt values are given in wet
weight.

Protein Fat Glycogen Dry matter

Diets* % % % %

FMO 55 68.4 0.24 74.2
FMO 4.0 67.1 0.42 73.3
FM 6 4.6 67.6 0.37 73.2
FM 6 4.0 67.7 0.33 75.5
FM 12 4.2 69.5 0.33 73.7
FM 12 3.9 66.4 0.42 73.7
FM 18 4.2 66.2 0.38 73.0
FM 18 4.3 66.0 0.26 73.9
PPO 3.8 68.2 0.34 75.0
PPO 4.0 69.5 0.35 74.9
PP 6 3.8 67.8 0.32 76.1
PP 6 3.8 69.6 0.39 74.9
PP 12 5.1 66.6 0.41 75.0
PP 12 3.7 67.9 0.42 75.0
PP 18 55 66.7 0.40 74.1
PP 18 3.6 69.6 0.33 76.5

*Abbreviations: FM = fish meal, PP = 50% plant @iot& 50% fish meal, 0, 6, 12 & 18 =
inclusions ofa-cellulose (on a weight basis).
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6 Discussion

6.1 Discussion of materials and methods

6.1.1 Statistical design

This trial had a simple linear regression desigimewthe true relationships between variables
are not known, regression is the most chosen aliigmn(Shearer, 2000). To establish a good
dose response relationship it is important to alled/3 of nutrient inputs at the low end, 1/3
at the high end and 1/3 in the middle. The high ientthis experiment was unknown for cod,
however, 18% was chosen due to results from codo#imer fish species given fibre or other
indigestible matters (Al-Ogaily, 1996; Diat al, 1998; Turancet al, 2002; Toppeet al,
2006; Hansen and Storebakken, 2007). Increasingoeumf replicates result in increased
accuracy of the different levels. This is possibteder ideal conditions and with unlimited
resources. However, when using regression, repBcate not absolute necessary (Shearer,
2000). If total observations are greater than 29dls x replicates), then more observations
give little improvement. In this experiment therere 4 levels (0%, 6%, 12% and 1884
cellulose) and 2 replicates at each level givirgpb8ervations. This might not be ideal, but the
8 points in the graph will give a good indicatidrthere were any signs of a dose response
relationship. In addition the total 16 observatidmasn both fish meal (FM) and plant protein
(PP) diets will also give a good indication, eveaugh FM and PP might interact differently
with a-cellulose. Most models are not intrinsically lineand if the cellulose response in
reality was a curved line, it probably would novbe@een discovered in the linear regression
design. Furthermore, 2 replicates are not good gmdar analysing differences between
means, such as ANOVA (analysis of variance), bexdls power of the test would be too
small, therefore this was not done. However, ten@snto different responses between
different diet groups were most likely indicatedtire regression design graph. In this trial
there were two different basic diet formulas (FMd&PP), both with similar increasing
cellulose. When both regression lines were sigaific these were compared to find if they
had different slopes and elevations (Zar, 2005)s Hmalysis was influenced by the same

uncertainties as linear regression.

70



Discussion

6.1.2 Feeding trial

To be able to compare different cod groups feceddffit diets, the different diet groups had to
be treated as similar as possible. However, sinean experiment with animals, there are
many uncertain factors that can affect the resudisides the targeted independent variable
such as individual differences, stress, diseasesarchy systems and temperature changes.
The feed was produced by Skretting ARC (Stavangeryway). All analysed macronutrients
(fat, protein and starch) in feed met cod requingimas described by Rosenlugical (2004),
analysed desirable elements with requirements Qoo Fe, Mn, Se and Zn) met requirement
ranges as described by Watardteal (1997), analysed essential elements with uppeitdi
(Cu, Zn, Mn, Co, V and Se) were below upper linsigs by EU (Julshamat al, 2003), and
undesirable elements (Hg, Pb, Cd and As) were beloper limits set by EU (Julshanat

al., 2003). Requirements for Sn, V and Mo, and lifiwisBa, Ag and Sr, are not known, at
least not to my knowledge. Cellulose inclusionscod feed has not been tried earlier.
Therefore we did not know if these cellulose inmas would work well in combination with
the other feed ingredients and if cellulose wasritjet insoluble fibre for energy dilution in
cod diets. The cod approximately doubled its weinting the feeding trial, which means
that any adverse effects from the cellulose mdslyi would have come forward, at least

indications of these.

6.1.3 Sampling methods

There can be large individual differences withiredank, even though the fish are fed and
treated in a similar manner. All cod from one takinted as one independent sample in the
statistical treatments, since the fish in the @mk tcan not be regarded as independent and are
influenced by each other. Further individual feethke could not be measured, which could
have masked any regression effects. To get a geexdhge from each tank several random
samples were taken, which were thereafter pooledaddition, organ samples were taken
from the same spot in the organ, independent oividwhl, and performed by the same
person. Whole body/organ samples were homogenigbith is also an uncertainty factor.
Although, this would most likely be detected, sitbere were always at least two chemical
parallels of each sample, and a standard deviatitime chemical level above 10% would lead

to reanalyses. To obtain homogenous and représensamples it is important to take large
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enough samples, but this is not always possiblecésasamples were small, due to small cod,
even if these were pooled from 10 fish per tanker&fore, faeces did not have large enough
sample size to perform parallel chemical measurésneinfat. In addition, starch analysis of
faeces could not be performed at all. Another uagsly factor is the random sampling
performed when netting, as there might be indivislua.g. the smaller fish in a tank, that are
more able to escape than the larger individualss firfight explain why sampled cod used for
HSI measurements in last sampling (05.feb.08) sdetbehave higher mean weight (335
+229) than the rest of the cod (312 £11g). Perhiafsseasier to catch bigger fish when we
use a landing net. This should be considered aréusamplings, since random sampling is

the preferred and most used method in internatipublished data from fish experiments.

6.1.4 Analytical methods

There are many possible sources of error durindyaca processes; weighing, pipette

measurements, dilution, extraction, time, steamitigating, temperature, etc. However, error

sources are controlled by control samples, referamaterial, parallel measurements and
accreditation of methods (Appendix 2). In additialh samples in the same analysis are
analysed as equally as possible, which means lilegt dre comparable to each other, even
though all results might not be the absolute traiges.

The total nitrogen analysis to measure proteindaseld on the factor 6.25, assuming that
protein contains 16% nitrogen, which is not totaldyrect, since amino acids contain different
amounts of nitrogen and different protein sourcas lcave different amino acid profiles. In
addition protein is not the only substance contegnnitrogen in fish (also nucleic acids,
phospholipids (phosphatidylethanolamine), nuclexgtjdetc. contain nitrogen). But still,
protein is the main nitrogen source. Anyhow, ad,sie results are comparable to each other.
Determination of fat in faeces was performed witidahydrolysis. There were not enough
faeces for duplicate analyses, but the resultsrelable because of control and reference
material. One whole body sample (FM6) had 11.4%ifference between analysed parallels,
which is above the accepted 10%. This could betddew glucose values in whole body,
because the analysis is more accurate when theesvate higher. However, control and
reference material were within normal values, whigbans that the analysis is good. The
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difference between parallels is probably due togoatd enough homogenization, since whole
fish is hard to get totally homogenized, due tonsknd bones. Parallels were re measured,
with the same result, and the mean of all fourltesuas therefore used. In glycogen analyses
the calibration curve have only two points, and ttould be an error source. Anyhow, since
reference and control materials are used, wrongtsesost likely would have been detected.
Yttrium oxide and other elements were analysed WitR-MS (Inductive Coupled Plasma
Mass Spectrophotometer). Some parallel measurenhagtsa variance above the accepted
10% (Appendix 4, Table 9.2 and 9.3), indicating tha results are not totally reliable.

To determine digestibility an indirect method isedsby means of an inert indicator, here
yttrium-oxide. Digestion can be affected by tenapere, salinity (Storebakkest al, 1998a)
and other environmental factors; therefore is &lstaeenvironment important. Another
uncertainty factor in measurement of digestibilgythat some feed could have been digested
by micro-organisms (Nortvedt and Krogdahl, 2001)islimportant to know how much the
fish has eaten; therefore waste feed was colleahed subtracted from amount feed given.
This is hard to do precisely; however, equal pracesl were performed each day, after
feeding, before the feed dissolves too much. Topgditely faeces samples, faeces were
stripped directly from the intestine, as descrilbydHemreet al. (2003). Faeces collecting
might include fragments from the mucus membrangénintestine. Anyway, this method is
better than collecting faeces from the water coluvhere water soluble components might be
lost. Bioavailability of nutrients and minerals cdiffer in different feed sources (Lorentzen
al., 2001), depending on chemical state of mineralg] @teraction with other feed

components.

Methods for aspartate aminotransferase (ASAT),iadaaminotransferase (ALAT), glucose

and protein in plasma are not accredited at NIFte8her are haematocrit (Hct), haemoglobin
(Hb) or red blood cell count (RBC). These are hosvestandardized methods used in clinics
(for humans and animals), and the level of cenyamexpected to be high. Blood samples are
important to mix with an anti-clotting reagent, .ehgparin, when analysing RBC, since blood
cells sediment fast. Blood coagulate fast; theeefdood analyses have to be done right after

the sampling, but heparinized syringes delayed wa#ign efficiently.
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6.1 Discussion of results

6.2.1 Growth and feed utilization

Growth

Growth can be affected by environmental factors kater temperature (Howell, 1984), light
(Hemre et al, 2004), fish size (Braaten, 1984; Jobling, 19%&xual maturation (Braaten,
1984; Hanseret al, 2001; Hemreet al, 2002), health, nutrition (Moraigt al, 2001;
Rosenlundet al, 2004) and heritage (Gjerdad al, 2004). Specific growth rate (SGR) was
higher in the first 7 weeks (1.00 £0.09) than ie fast 7 weeks (0.76 £0.08), which was
expected, since smaller cod have higher feed inpakeveight unit than larger cod (Braaten,
1984). SGR in this trial was higher than predidbgdyrowth models for cod at the same size
and held at 8°C (Bjérnsson and Steinarsson, 2002ddition, growth in this trial was good
compared to previous studies with good growth fot piveniles (Lieet al, 1988; Hemreet
al., 1989; Moraiset al, 2001; Rosenlunét al, 2004; Hansemet al, 2007b). Growth was not
significantly influenced by the increaseecellulose, in either FM or PP diets, in the total
experiment. There was a tendency to decreased wweitihincreasedi-cellulose for cod fed
PP diets, in the first 7 weeks. However, in the Tasieeks there were no such tendencies for
either SGR, weight gain, weight or condition fagfGF) in either PP or FM diets. This might
be due to cod being adapted physiologically to bogin PP andi-cellulose during the first
period. Therefore, in conclusion, there was greatvth in all diet groups. Good growth with
partly plant protein inclusions in diets is in amtance with previous studies on cod
(Albrektsenet al, 2006; Refstieet al, 2006a; Hanseet al, 2007a; Hanseet al, 2007b).
Increasing cellulose inclusions have not previoushen investigated in cod diets. While,
good growth is found in other fish species withlwdeke inclusions in feeds; rainbow trout
with cellulose inclusion levels up to 30% (Bromiayd Adkins, 1984) and 15% (Hansen and
Storebakken, 2007), seabass diets up to 20% @ias$, 1998), tilapia diets up to 9% (Al-
Ogaily, 1996) and red drum diets up to 20% (Turab@l, 2002). Although, other studies
report growth depression with increasing cellulosdiets for tilapia and rainbow trout, with
inclusion levels up to 10% and 20% (Hilten al, 1983; Dioundick and Stom, 1990). The
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gutted weight and fillet weights being equal indilit groups are in our trial are in agreement
with Hanseret al (2007a), who found equal gut and fillet weightemtplant protein in diets

increased.

Feed utilization

Feed conversion ratio (FCR) and feed intake weaordance with other juvenile cod trials
(Lie et al, 1988; Moraiset al, 2001; Hansewt al, 2006; Hansemt al, 2007a). In our trial,
FCR during the first 7 weeks increased significamtith increased-cellulose inclusions, in
both FM and PP diet groups. In addition, the twgression lines for FM and PP diets were
significantly different, which indicates that thea diets (FM and PP) combined with
cellulose, affected cod differently. In the lasv&eks, no influence from increasedellulose
on FCR was revealed, but FCR seemed higher thangdile first 7 weeks. In addition, FCR
still seemed to be most elevated in the diet graufs high a-cellulose inclusions. Also feed
intake seemed to be higher in the groups waithellulose inclusions compared to those
without, indicating thati-cellulose was the cause of the increased fee#antBhese results
are in accordance with cellulose inclusion resatisseabass (Diast al, 1998) and rainbow
trout (Bromley and Adkins, 1984). Although feedaké in some experiments was not
affected, e.g. in tilapia and rainbow trout repdrtey Al-Ogaily (1996) and Hansen and
Storebakken (2007). However, those data were basestudies with very low growth rate,
e.g. did the study reported by Hansen and StoredmakX007) not result in doubling of fish
weight. Some studies even reported reduction ird fedake, combined with growth
depression; tilapia and rainbow trout (Hiltehal, 1983; Dioundick and Stom, 1990). In the
first 7 weeks of our trial, feed intake and growtlkre lower for cod fed PP diets plas
cellulose, compared to cod fed FM diets waticellulose. Though, during the last 7 weeks,
cod fed PP diets plug-cellulose managed to increase its feed intakelingnto a higher
weight gain than the other groups, again resultmgnal weight being similar to the other
diet groups. All this indicate that cod fed PP lohdeets addedi-cellulose needed more time
to adjust to the feed. Probably since PP6, PP12P#B had more variable composition,
compared to the pre experiment feed, than PPO dhdli€ts. Furthermore, the tendency to
lower feed intake and growth in the first 7 weekshie PP diets plus-cellulose, compared to
FM diets, might have induced a compensatory grawtthe last 7 weeks, when the cod got
used to the diet. Anyway, this increased feed mtakd weight gain in the last 7 week period
would most likely level off when the cod catcheswith its “normal growth rate”.
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In our trial, cod fed PPO had similar growth anedeutilization as cod fed FMO, which
indicate that the plant protein used was equallly widized as the fish meal. In other studies
there have been found increased feed intake witfeasing plant ingredients in diets for cod,
especially when plant inclusion exceeded 25% (Hamdeal, 2006; Refstieet al, 2006a).
However, utilization of plant ingredients dependsmurce, amount and processing treatment
(Franciset al, 2001). The use of soy protein concentrate (SB@hpared to full fat soybean
meal, is known to eliminate negative effects exgedh salmon, especially since SPC have a
lower concentration of oligosaccharides and antrithenal factors than extracted soybean
meal (Refstieet al, 1998). SPC plus wheat gluten in cod diets is fotmresult in same feed
utilization, macronutrient digestibility and growés fish meal (Hanseet al, 2006; 2007a),
and that is one explanation why these ingrediet®wsed in the present trial.

Energy intake is not often reported in cod triads/my knowledge. Anyway, the protein to
energy ratio (PE) in our diets was similar to the Rtio in cod diets recommended by
Rosenluncet al (2004). Although Rosenluret al (2004) reported digestible energy in diets,
and in our trial the total energy was calculatelde Thdependent and similar energy intake in
the FM based diets, but not in the PP based didysduring the first feeding period, can be
explained by cod adjusting to the new feed, esfigarhen fed a PP based diet added
cellulose. The similar energy intake, at the entheftrial, even though the diets had different
energy concentrations, might indicate that cod stdpl its feed intake in accordance to the
energy concentrations, to maintain great growtlerdased feed intake to compensate low
energy feed is in accordance with cod juveniles rie@line ash inclusions (Topps al,
2006). In addition, energy intake tended to coteslaith SGR, in our trial. However, the
similar energy intake could instead be due to thatdigestible macronutrients (protein, fat
and carbohydrates) and PE had the same ratio dieadl. Then the cod increased feed intake
to get enough of other nutrients, as protein, ietejently on energy intake. Most likely the
cod depends on both energy and protein conceniratio

Liver index (HSI)

In accordance with previous observations, HSI in toial mostly seemed to be larger than
normally found in wild cod (Jobling, 1988; Graat al, 1998; Gildberg, 2004; Mgarkgare,
2005), and was within ranges of farmed cod juven(lge et al, 1986; Moraiset al, 2001,
Rosenluncet al, 2004; Toppeet al, 2006; Hansert al, 2007a). The reduction in HSI, from

initial (11.9 +0.8%) to final values (10.5 £0.6%p#one of the main objectives of the study,
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however, hard to explain, since fat and proteirelewere equal in the pre experimental feed
and in the experimental feed. There might be enwrental or individual variations that we
do not know about. It is known that protein growth animals is most likely strongly
regulated through control of food intake (Websi&93; Joblinget al, 1994), foreseen that
both protein and amino acid requirements are nmais;Tenergy may be consumed in excess,
resulting in excess fat deposition and therebyeased liver sizes in cod. High lipid diets are
known to increase cod liver size (L&t al, 1986; Joblinget al, 1991; Joblinget al, 1994;
Morais et al, 2001; Rosenlundt al, 2004; Karlseret al, 2006). Therefore our experimental
diets had protein/lipid/starch ratios accordingRosenlundet al (2004) to maintain good
growth and still keep liver size to a minimum. Buficlusions of cellulose have tended to
reduce HSI in seabass (Diessal, 1998) and give a low fat deposition in red drdrar@noet

al., 2002). In broiler chicken, increasing raw fibre feed reduced metabolic energy per
metabolic weight unit, and chickens retained marergy as body protein and consequently
less as body fat (Jorgenset al, 1996). However, HSI in the present trial was not
significantly affected by increaseutcellulose in any of the diet groups at final saimgl
Hence, it seems hard to manipulate the energy depos cod more than previously done
by means of dietary fat content in feeds. Anotlneroty for thata-cellulose did not affect
energy deposition in cod liver, could be due td tha heritability for HSI in cod is found to
be high (Refstie, 2009). Then heritage for HSI peehconceal or overrule the possible effects

from energy dilution witra-cellulose.

Protein and fat utilization

Protein efficiency ratio (PER) and protein produetvalue (PPV) in the present trial were
good, when compared to earlier reports for codnies (Lieet al, 1988; Hemreet al, 1989;
Morais et al, 2001; Hemreet al, 2002; Rosenlunét al, 2004; Hansert al, 2007a). PER
and PPV were not influenced by increasedellulose. Rosenlundt al. (2004) reported that
PER was positively correlated with dietary lipiddanegatively with starch and protein.
However, in our trial, the dietary digestible natri ratio (protein/lipid/carbohydrates), dietary
protein to energy ratio (PE) and energy intake vandlar in all our diet groups. This was
probably the reason for protein utilization beintaffected, even though the indigestible part

of the diets increased and reduced the energy mEntefeeds.
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Lipid efficiency ratio (LER) (average 6.5 +0.6) neased with increaseatcellulose for cod
fed PP diets, and tended to increase also for eddAM diets. Although average lipid
productive value (LPV) being equal between dieugs) did however not further confirm this
finding. However, the increase in LER was minorsaimon it is found that PER correlated
positively with LER (Sagstadt al, 2008), in agreement with the present study. Whbicthe
two factors, LPV or LER, give the more accuratewarsdepends on several factors; LPV
depends on more steps in analytical proceduredsaaalculated from the fat amount in the
biomass increase, while LER is calculated fromtttal biomass increase, also discussed by
Lie et al (1988). This is the case for PPV and PER too, iFPMund to be more accurate
than PER in cod studies (Let al, 1988). Reminding on cod storing most of its fatthe
liver and very small amounts in muscle. In our gtUcER did not correlate with HSI, while
LPV increased with increased HSI for cod fed the Badsed diets, but not for cod fed PP
diets. This might indicate that LPV is more accerditan LER, in addition this also indicates
that FM and PP diets might have different effects.

6.2.2 Digestion of fat, protein and dry matter

Digestion of fat

In our trial the apparent digestibility coefficie@ADC) for fat was averagely 94 +2%. The
high ADC results are in accordance with previoud studies, which have reported ADC of
fat from 80% to above 90% (Liet al, 1988; Hemreet al, 1989; Dos Santost al, 1993;
Hemre et al, 2003; Fgrde-Skjeervikt al, 2006; Hanseret al, 2006; Toppeet al, 2006;
Hansenet al, 2007b). In our study digestibility of fat decredswith increased-cellulose,
for cod fed both FM and PP diets, and the two regiom lines were identical. This indicates
that it was thex-cellulose that affected ADC negatively, indeperndérthe dietary protein
came from PP or FM. The equal fat digestibilityvibe¢n FM and PP is in accordance with
previous digestibility studies in salmon and cocf@®e et al, 1998; Hanseret al, 2006)
with the same plant protein ingredient (soybeartgdnoconcentrate) as used in our study.
Reduced ADC for fat with increasing plant ingredgshas previously been found in cod
experiments, but, when using other PP types andumneis (Ferde-Skjeervilet al, 2006;
Hanseret al, 2006; Refstieet al, 2006a).
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High starch levels have been reported to decremsstibn of fat in salmon (Hemret al,
1995), however, there were no differences in pndtai/carbohydrate ratios in diets in our
experiment. Starch is water soluble and availabl@atestinal enzymes, while cellulose is not,
meaning that cellulose will not affect digestion ansimilar manner as starch. Cellulose
inclusions up to 15% did not affect ADC for fat dwets for rainbow trout (Hansen and
Storebakken, 2007), similar results were found ilapia (Amirkolaie et al, 2005). The
decrease in fat ADC with increasing cellulose isaas in our cod trial was in accordance
with salmon fed diets with cellulose inclusions g#senet al, 2007), where fat ADC ranged
from 96-87%. Hansen and Storebakken (2007) gaveptenasible reasons for how cellulose
affected fat ADC differently; dietary lipid contemias higher and water temperature lower in
the trials performed by Aslaksen et al. (2007), batdy challenging capacity for lipid
digestion. Further, the trout (Hansen and StorebakR007) and tilapia (Amirkolaiet al,
2005) were reared in freshwater, an environment fdazours lipid digestion compared to
saltwater (Storebakkeet al, 1998a). Aslaksert al (2007) experiments with salmon were
carried out in close to same water temperature )(&iCseawater, as the cod in our trial.
Therefore the cellulose inclusions in our trial kcbinave affected fat digestion in same
direction as Aslakseret al (2007). Furthermore, cellulose is an indigestibilee, and
indigestible fibres are known to increase feed flawe trough the GIT (Hemre, 2001), which
may have led to decreased time to digest nutrientg, fat. There could also have been a
combination of these factors that resulted in tkeréased fat digestion. However, in our
experiment it was not possible to examine whetherlower fat digestibility was caused by

reduced lipid hydrolysis, reduced intestinal fattyds uptake, feed flow rate or other factors.

Reduced fat ADC would expectedly result in LER &Y/ also being negatively affected by
a-cellulose. Still, this was not the case, actublBR increased with increasedcellulose in

PP diets and tended to in FM diets, which is harexplain. If we speculate, the reason might
be that the bacterial load in the distal intestimereased due to increased levelsiafellulose
(bacterial load was not measured). Significant bers of bacteria are previously observed in
the lower intestinal tract of cod (Hansenhal, 2006; Seppol&t al, 2006). The increasea-
cellulose could have resulted ancellulose being an available energy source forbiheteria,
which again may have increased bacteria produdiahort chain fatty acids. Mammals are
reported to use these short chain fatty acids ssuece of energy (Burkitt, 1979; Coultate,
2002). There might also be other unknown sourgemtreased fat in faeces, causing a fake
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decreased ADC for fat. However, this is not likelgice the decrease in fat digestion caused
by a-cellulose is supported by literature and previeuperiments, as discussed. Also the
increased LER in PP diets withcellulose was minor compared to PPO results. Aaedor
cod tolerating cellulose could be due to that dedle is similar to chitin (Campbell and
Farrel, 2006), they have equal bindin@sl(4-glycosidic) between monomers, which may be
hydrolyzed with similar enzymes. Chitin is a pdrtiee natural diet for wild cod, which feeds
on a variety of fish and invertebrates (Link anan&ida, 2000; Orlovat al, 2005), and e.g.
crustaceans contain large amounts of carbohydrgteschitin. It is also speculated that this
is why farmed cod show a high tolerance to plantgn (Hanseret al, 2006; Refstieet al,
2006a), in agreement with our trial.

Digestion of protein

Average protein apparent digestibility (85 £2%}his study was in accordance with previous
cod studies, where protein ADC was reported fromd@bove 90% (Liest al, 1988; Dos
Santoset al, 1993; Hemreet al, 2003; Hansert al, 2006; Refstiest al, 2006a; Toppet
al., 2006; Hansemt al, 2007b). In our study, there were no significaiffiedences in protein
ADC caused by increasead-cellulose. This is in agreement with other fiske@ps, where
dietary cellulose inclusions did not affect prot&iDC; seabass (Diast al, 1998), salmon
(Aslaksenet al, 2007), tilapia (Amirkolaieet al, 2005) and rainbow trout (Hansen and
Storebakken, 2007). In addition, in our trial, theeemed to be no differences between FM
and PP diet groups. Other cod studies reportedctietuin protein ADC in diets with plant
ingredients (Fgrde-Skjeerviét al, 2006; Refstieet al, 2006a), however these were not the
same plant ingredients as used in our trial. Haesah (2006) reported highest protein ADC
in diets with soybean protein concentrate (SPC)wainelat gluten, which were the same plant
ingredients as used in our trial. Except from tHahsenet al (2006) found a higher protein
ADC with SPC and wheat gluten than with pure fiskahdiets, in our trial there seemed to be
no such differences. Furthermore, the reason faedaction in protein ADC might be due to
low amounts of anti nutrients in SPC and wheateglutompared to other plant ingredients
(Refstieet al, 1998).

Digestion of dry matter

Average dry matter ADC (69.1 £5.5%) of all diet gps in our trial was lower than previous
cod trials ranging from 71 to 84% (Hemetal, 2003; Toppeet al, 2006). This is likely due
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to the higha-cellulose inclusions in our trial, since dry mat##C decreased with increased
a-cellulose, in both FM and PP diets. This is inemgnent with Toppet al (2006), where
ADC for dry matter decreased for cod fed increasedine ash inclusions in feed. Further,
this was also in agreement with other fish speardwre dietary cellulose inclusions have
been found to negatively affect organic matter AD@, rainbow trout (Hansen and
Storebakken, 2007) and dry matter and organic mat¥C for tilapia (Amirkolaieet al,
2005). Low ADC for dry matter have been found ird ded diets with 100% PP (Hanseh
al., 2007b), but in our trial cod was fed 50% PP, BR seemed to be similar to FMO. The
two regression lines for FM and PP diets are egubich confirm thata-cellulose, not PP,

negatively affected ADC for dry matter.

6.2.3 Digestion of elements

Information still lacks about essential mineralspecially in fish. Anyway, essential minerals
described for other animals may also be relevantfith (Davis and Gatlin, 1996). The
problem is that most trace elements are requirégiorvery small amounts and it is difficult
to control such small amounts in formulated didts.experiments with salmon different
amounts of yttrium were recollected in faeces ddpenon collection time (Waret al,
2005), and greatest concentrations were observieeebe 6 and 12 hours after last feeding.
In our trial, samplings were performed 12 hourerafast feeding. Wardt al (2005) found
biggest difference in Fe, Mg and Mn, and conclutlet faeces should be collected over at
least 18 hours after the last feeding for detertionaof true apparent digestibility (AD) for
these minerals. However, our samples were all ci@lteat the same time after last feeding;

therefore they are at least comparable.

Some element digestibility results provided negafibelow 0%) in our trial, in some or all
diet groups; essential: Co, Cu, Fe, Mo, Sn, V, andesirable: Ba, Cd, Pb, Sr, details in
Appendix 4 Table 9.5. This might be due to preseotelements in water, which is in

agreement with that fish may absorb elements froatew (Lall and Bishop, 1977).

Furthermore, experiments with salmon have repantsgghtive AD for some elements (e.g. V,
Mo, Mn, Cd, Ba and Fe), depending on sampling tjiiard et al, 2005). Storebakkeet al
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(1998b) also found that some elements were infleérxy water uptake. Water uptake gives
digestibility studies uncertainties. However, thetds the main source of elements in fish
(Lall and Bishop, 1977), and element absorptiondiéfier among fish species (Sugiueaal,
1998).

Elements in our trial were measured in feed anddsgetherefore we can not know how they
are deposited in the cod (the cods element staud)jf there are any differences in element
deposition between cod fed PP or FM plus/minu=ellulose inclusions. This would have

been interesting to know, since there were sonferdifices in element concentrations in the

different diets, especially between FM and PP diets

6.2.3 Digestion of essential elements

Selenium (Se), tin (Sn), cobalt (Co) and vanadivin (

The elements Se and Sn were mostly below LOQ id &wl/or faeces in our trial, therefore

ADC could not be calculated. There are no trialslgestibility of Se and Sn in cod, at least
not to my knowledge. The Co and V ADC were mos#yolv 0%, therefore it was hard to
test if there were any effects from the increageckllulose. Experiments with salmon also
reported negative AD for V (Waret al, 2005), but Co AD above 0%. Se, Sn, Co and V are
required in small amounts, which are probably wisytwere hard to measure.

Copper (Cu), iron (Fe), molybdenum (Mo) and zino)Z

Cu ADC in cod has not been previously reported yokmowledge. However, Cu AD have
been reported ranging from 45-50% in salmon (Weairchl, 2005), which is higher than
results from our trial. This could be due to diffiet amounts of Cu in diets (Sugiuea al,
1998), since absorption of Cu is thought to be wedjulated in fish (Berntssest al, 2000).

In addition availability of Cu depends on the ploysgical state of the animal and amounts of
antagonists (e.g. Zn, Fe, Cd and Mo), competingioding sites in absorption (Watanbke

al., 1997), but details in fish are little known.
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Fe ADC was below 0% in one FMO replicate; thougterage Fe ADC for the rest of the diet
groups showed 22 + 10%. Fe ADC in cod has not pusly been examined. Anyhow, Fe
ADC for salmon have been reported lower than intaal (Wardet al, 2005) and higher in

trials with coho salmon and rainbow trout (Sugietaal, 1998). However, our results are in
accordance with earlier reported low bioavailapibf iron, in salmon, non-haem being lower

than haem iron (Andersesgt al, 1997; Lorentzen and Maage, 1999).

Mo ADC was below 0% for most diet groups fed FMtslidut Mo ADC for cod fed PP diets
was at average 68 *3%. Perhaps partly due to Maesdrations in PP diets (0.77
+0.08mg/kg) being higher than in FM diets (0.14Gf#0ng/kg). Mo ADC for cod has not been
previously studied, at least not to my knowledghough, Mo ADC in salmon has been
reported from below 0% to 12% (Waed al, 2005), which is lower than PP diet results in our

trial, but in accordance with our FM diet resultgtle is known about Mo functions in fish.

The average Zn ADC (43 £11%) in our trial, was tgkthan found in earlier cod trials (8-
16%) (Ferde-Skjeervilet al, 2006). Zn ADC for salmon has been reported withien same
range as the cod in our trial, 16-55% (Storebaké&enl, 1998b; Wardet al, 2005). Plant
ingredients like soybean meal can reduce zinc alisor Phytic acid in soy concentrate (SC),
in addition to lower concentrations of Zn in SCyédeen reported to reduce Zn absorption,
in salmon diets (Storebakkest al, 2000b; Denstadlet al, 2006). Also a high content of
bone minerals (calcium and phosphorous) might iblzibc absorption (Watanbet al, 1997,
Lorentzen and Maage, 1999). Therefore adding zuge the minimum requirement seems to
be necessary in fish meal based diets, which was @oour experimental diets. Anyway, in
our trial, Zn ADC seemed to be similar among thiéedent diets, meaning that there were

probably no considerable anti nutrient activitynatrient interactions affecting Zn ADC.

The no effects from increaseadtcellulose on ADC for Co, Fe, Mo and Zn, in ouralri

indicate thati-cellulose did not affect digestibility of thesemlents.

Manganese (Mn)
Concentrations of Mn in PP diets (48 +4mg/kg) weigher than in FM diets (26 £1mg/kg),

in accordance with Storebakkenhal (2000a) who reported that wheat gluten contamede

Mn than fish meal, since our PP diets containedawvgkiten. The difference between FM and
PP is also in accordance with some fish meal haiawgMin content (Lorentzegt al, 1996).
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However, bioavailability of Mn in fish meal is urt&n. In our trial, Mn ADC seemed
similar between PP and FM fed cod, and was hight{ZZ2%6). In accordance with Sugiuea
al. (1998), who found high apparent availability ohih diets with wheat gluten (68%) and
in control diets (54%) for rainbow trout. Mn ADC icod experiments have been found
ranging from 19 to 42% in different diets (FerdgeBkvik et al, 2006), but as in our trial,
there seemed to be no difference between Mn digkstifor cod fed plant and fish based
diets. Mn ADC and AAC (apparent absorption coeéiit) in salmon have been reported
between 0 and 20% (Storebakketral, 2000a; Warcet al, 2005), also lower than in our trial.
Absorption of Mn from water is not likely, sinceetiMn content in seawater is very low
(Davis and Gatlin, 1996). Anyway, absorption of dnhard to determine, considering that
some Mn in faeces is likely to be endogenic Mn frbike (Sugiuraet al, 1998), and high
dietary calcium and phosphorous can reduce absarpti Mn (Watanbeet al, 1997). Mn
ADC increased with increasedcellulose, for cod fed PP diets, but not FM didisis could

indicate thati-cellulose in combination with PP increases Mn diga.

6.2.4 Digestion of undesirable elements

Silver (Ag), lead (Pb) and strontium (Sr)

Information about digestibility of undesirable elems for fish is scarce. In our trial, Ag and

Pb were mostly below LOQ in feed or/and faeces. $heADC was below 0% in all diet
groups. The negative Sr ADC was in accordance salimon in Storebakkeet al (1998b)
and coho salmon in Sugiuet al (1998) who found Sr ADC and availability below Q&nd
just above 0%. Sr and Ag are not found vital fshfitherefore assumed to be toxic or at least
non essential. Pb is less toxic to marine organisomspared to other heavy metals (As, Hg
and Cd) and fish contain low amounts of Pb (Lorentt al, 2001; NIFES, 2009). In this
study Pb was mostly below LOQ in feed, but was abb®Q in most faeces samples, only
below LOQ in faeces from cod fed diets with higleellulose inclusions. The Pb below LOQ
amount in feed and not in faeces could be duedd Eeing analysed “wet” and faeces freeze
dried. The below LOQ amount of Pb in faeces witghhi-cellulose indicate that high-
cellulose conceal Pb in faeces. Previous studigs Faund that absorption of Pb increases
when the calcium concentration in feed is low, tosld either be confirmed or disconfirmed

in our study. However, the-cellulose inclusions did not seem to stimulatedigjestion.
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Arsenic (As)

ADC for total As was high (82 +3%). As is found nmost marine organisms and toxicity of
As depends on its chemical state and valencetdrature As is listed as both a heavy metal
and an essential element; in our trial we listedsitan undesirable, since only total As was
determined, and we did not know which state theestgd As was in. Anyhow, marine
organisms mostly contain a stable and less toxiqaksenobetaine), which is the possible
essential As form (Amlunet al, 2006). ADC for total As was not affected by ircseda-
cellulose in diets. However, the concentration gfiA FM diets (3.5 +0.3mg/kg) seemed to
be higher than in PP diets (2.4 £0.2mg/kg), confgrhigh levels of As in marine organisms.

Cadmium (Cd)

The Cd ADC was mostly below 0% for cod fed PP dibtd Cd ADC for cod fed FM diets
had an average at 20 +9%. Concentrations of Cd exdm be higher in FM feed (0.18
+0.01mg/kg) than in PP feed (0.12 £0.01mg/kg). Tdusld be the reason for higher Cd ADC
for cod fed FM diets than PP diets. Though, thigisontrast to that Cd absorption is found

to increase when the dietary concentration is learfison and Jefferson, 1992). Cd ADC for

cod fed FM diets were not affected by increasexkllulose.

Mercury (HQ)

Different Hg forms have different toxicity and mietdism (Lorentzeret al, 2001; Coultate,
2002), however, in this trial only total Hg was reeged. Pollution is not always the blame for
high Hg levels in seafood; marine predatory fisbumeulate Hg as they age (Moret al,
1998). The concentration of Hg seemed to be high&M diets (0.08 £0.01mg/kg) than PP
diets (0.04 +0.01mg/kg), this is in accordance Withbeing below LOQ in all PP and FM18
faeces samples and just above in the other faereplss. In addition-cellulose inclusions
probably diluted Hg concentrations in faeces. HehlgeADC for cod fed PP diets and FM18
could not be calculated. Hg ADC for cod fed FMO, &&hd FM12 diets were not influenced
by increasedx-cellulose. Anyhow, the high Hg ADC for these FMewdi (70 +£4%), were in
accordance with that cod is found to readily absbeltary mercury (Amlunet al, 2007).

Barium (Ba)

Average ADC for Ba was 38 +18%. Ba is assumed tarimesirable or at least non essential

for fish, although reports for this are not fournbderefore Ba can not be excluded as an
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essential mineral in small amounts. Concentratafi8a in otoliths are one of more element
concentrations used as identification to locate mobery areas (Gibét al, 2007), meaning
that Ba is at least known to be absorbed in fisBCAfor Ba increased with increased
cellulose for cod fed PP diets, but not FM dietsadidition there were higher concentrations
of Ba in PP diets (3.3 £0.1mg/kg) than in FM digtsl +0.1mg/kg). This could be the reason
for the noticeable effects on Ba ADC for cod fedd#ts. Whether the increased digestion of

Ba was favourable or not is unknown, since requam s of Ba is unknown.

6.2.5 Faeces composition

Fat, protein (total nitrogen) and elements in faesere measured as percents, which mean
that increasedi-cellulose will influence the percent of these aedes. The nutrients (fat and
protein) varied in diets dependent arcellulose inclusion, therefore only water contemt
faeces is discussed here, due to its relevancedarithing diarrhoea like conditions, the other
nutrients (protein and fat) are discussed togetlittr ADC results.

Dry matter in faeces increased with increagaeckllulose for cod fed FM and PP diets. The
two regression lines were not different. Thus therease in dry matter came most likely from
a-cellulose inclusions, and further indicating tlatellulose was not utilized. Faeces colour
after freeze drying was darker in faeces from FMA6 and PPO than all other diets, this also
indicates that there was maxecellulose in faeces from-cellulose diets, since-cellulose is
white. In addition, the increased dry matter inclEewas in accordance with decreased ADC
for dry matter. There have been observed lowerrdagter in faeces for cod fed soybean
products (Fgrde-Skjeerviét al, 2006; Olseret al, 2007). Olseret al. (2007) observed 10.8%
dry matter in faeces for cod fed 100% plant asgwnoin diets, which indicated diarrhoea.
SPC and wheat gluten were used in our trial tod,noti soya bean meal, and we only used
50% PP as protein. The lowest amount of dry m#1#r1%) observed in our trial was in one
FMO replicate, a fish meal control group withaudcellulose. Therefore, due to high dry
matter in our trial, the cod did not have diarrho&ihough, since the-cellulose inclusions

were probably the source for the higher dry maftercent, it might have concealed a
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diarrhoea like condition in those. However, no ¢isgical changes (Olsen, RE, 2009,
pers.com.) confirm that there were no diarrhoeaatiss. There will be more faecal waste
from cod fed large inclusions ofcellulose, which may cause local sedimentatiod, might

not be environmentally friendly. Smaller inclusion$ a-cellulose probably do not have
considerable effects. Anyway, to fully evaluatdueke usage in feed, aspects about solids in

aquaculture effluent water would need further inigagion.

Soybean meal did not affect viscosity of cod digeftgrde-Skjeerviket al, 2006), so
viscosity could not explain different digestibilityetween diets, in agreement with salmon
(Refstieet al, 1999; Aslakseret al, 2007). Refstieet al (1999) reported that soybean with
high dietary fibre content increased water in itited chime of salmon, without affecting
viscosity, like in broiler chickens. However, vistty depends on type and amount of NSP
(Jozefiak et al, 2004), with soluble fibre giving higher viscosityhan insoluble. No
measurements of viscosity were performed in outystbut the water content of undigested
matter decreased ascellulose increased. This indicates that at l&@ste were no increased

water in the intestines of the cod in our trialgd gmobably not increased viscosity either.

6.2.6 Fish health

Haematological parameters

Haematocrit (Hct) and haemoglobin (Hb) were witprevious reported values for cod (lee
al., 1990; Hemreet al, 2002; Rosenlunet al, 2004; Olseret al, 2007). Red Blood Cell
count (RBC) for most of the diet groups (1.51-110%/L) ranged within previous reported
values for cod. Although RBC in one FM6 replicatee FM18 replicate and one PPO
replicate (2.05-2.360"%/L) were somewhat above earlier published valuesghiew this was
probably negligible. Mean cell haemoglobin concatmtns (MCHC) were within previous
reported values. Mean cell volumes (MCV) were lowean previously reported values for
cod in one FM6 replicate, one FM18 replicate and &P0 replicate (119-13®"°L), all
other dietary groups (149-19%*°L) ranged within previous reported values. Olstral
(2007) found significant reduction of MCV as plgmbtein increased. The low MCV that

Olsenet al (2007) found was similar to MCV in our trial. Hewer, the reason for the low
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MCYV in this trial seemed to have no correlationhyplant protein on-cellulose. Mean cell
haemoglobin (MCH) was in the lower range of presioweported values. None
haematological values were significantly influendsdincreasinga-cellulose. Furthermore,
there were no significant difference between cdrdrets and experimental diets, suggesting
that the cod tolerated-cellulose inclusions, in both FM and PP basedsdidaematological
parameters in our trial indicate that the cod haddghealth, especially in combination with

the good growth and almost no mortality.

Clinical and nutritional parameters

Aspartate aminotransferase (ASAT) and Alanine atmamsferase (ALAT) were both low,
and within previous reported ranges for cod (Rasahét al, 2004; Olseret al, 2007). Low
ASAT and ALAT indicate that there were no organ dgey because ASAT and ALAT
normally occur in low levels in blood plasma (Ratiet al, 1975; Sandnest al, 1988) and
determination of these enzymes, in high amountdaod plasma, is efficient in diagnosis of
liver and kidney diseases in fish. Plasma glucoas within previous reported normal cod
ranges (Hemret al, 2002; Rosenlunét al, 2004). Total protein was somewhat low in one
FM18 replicate (23.9¢g/L), although, probably notiwiportance, as the rest of the dietary
groups (28.6-40.1g/L) were similar to previous mpad total protein in cod plasma. Anyhow,
total protein in blood plasma increases when tble i dehydrated, but low total protein is a
less specific diagnosis of a disease (Sanéhes, 1986). None of the clinical and nutritional
parameters were significantly influenced by incregsi-cellulose. In addition to the normal

haematological values, this further suggests thdtveere in good health in our feeding trial.

6.2.7 Whole body and liver composition

Whole body
Whole body composition of fat, protein, dry materd ash were measured three weeks

before and at the end of our feeding trial, andeweithin ranges from earlier findings in cod
(Lie et al, 1988; Hemreet al, 2002; Rosenlundt al, 2004; Toppeet al, 2006). Whole body
composition have been reported being affected bisdiLie et al, 1988; Rosenlunet al,
2004), but then due to different protein and fatosms which was similar in all our diets.

Increased fat in cod diets have previously showimd¢cease whole body fat (Let al, 1988),
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mainly due to increased liver size and fat contdntver. PP in cod feed is reported to not
affect whole body composition of macronutrients rislen et al, 2007a; Hanseret al,
2007b), in agreement with our trial. Cod diets wiib0% PP have shown to decrease dry
matter in whole body (Hanseet al, 2007b), however our trial used 50% PP. Increased
protein in whole body have been observed with iasee protein in cod diets (Liet al,
1988). In our trial, protein in whole body (5.3 %) decreased slightly with increasesd
cellulose, for cod fed PP diets, not FM diets. Aaywthis was probably insignificant, since
protein utilization was not affected ly-cellulose, for either FM or PP based diets. Fat,
glycogen and dry matter in whole body were notuaficed by increasex-cellulose. Ash in
whole body (2.3 +0.3%) tended to decrease witheiaseda-cellulose for cod fed PP diets,
but not FM diets. Tilapia fed up to 12% cellulosediets also had slightly reduced protein
content in whole body with increasing cellulose -@daily, 1996), but they also had
decreased fat content, similar to red drum fed 2@%ulose (Turancet al, 2002) and trout
fed 40-50% cellulose (Bromley and Adkins, 1984).ll@ese inclusions up to 20% in
European seabass feed did not affect whole bodyaosition (Diaset al, 1998). Our results
combined with other fish species indicate thatutetle inclusions have no remarkable effects

on whole body composition of macronutrients, aste®t in low amounts.

Liver

Liver composition of protein (4.2 +0.6%), lipid (&7+1.3%), glycogen (36 t6mg/g) and dry
matter (74.5 £1.0%) were in accordance with earfiedings in cod (Lieet al, 1988;
Rosenlundet al, 2004; Hanseret al, 2007a). Although, liver fat levels in our trialeve
higher when compared to Moraags al (2001). Lipid liver content is known to increaséh
increasing fat in the diet (Liet al, 1986; Joblinget al, 1991; Joblinget al, 1994; Moraiset

al., 2001; Rosenluncet al, 2004; Karlsenet al, 2006). However, the ratios of dietary
digestible macronutrients (protein/lipids/carbolatds) were equal in our trial, which is
probably the reason for no differences in the liwsemposition. Increased corn gluten in cod
feed increased liver glycogen (Hanseh al, 2007a), probably due to increased starch.
Though, this plant ingredient was not used in aaf.tCod fed PP diets seemed to have equal
liver macro composition as FM fed cod. In additiam;reased dietarg-cellulose had no

influence on macronutrient composition of the liver
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7 Conclusion

All cod showed good growth. Weight gain, total weigSGR and CF were not influenced by
increasedu-cellulose in either PP or FM based diets. Cod R&0D had similar growth and
feed utilization as cod fed FMO, which confirmsttb@% PP plus 50% FM as dietary protein
source is equally well utilized as 100% FM baseektg]iin agreement with earlier results
(Hanseret al, 2006; 2007a).

Feed intake seemed to be increasedifnellulose. Cod fed PP based diets plusellulose
probably needed more time to adjust to the feed¢chvimight have induced a compensatory
growth, making the cod catch up with its “normabwth rate”. The similar energy intake,
even though the diets had different energy conagatrs, and the dietary digestible macro
nutrients (protein, fat and carbohydrates) and Riwveng similar ratios, indicate that the cod

adjusted feed intake in accordance to both enardypeotein amount.

Liver index, gutted weight and fillet weight weretnaffected by increased-cellulose.
Protein utilization was not influenced by increasecellulose. Digestibility of fat decreased
with increasedy-cellulose, equal in both FM and PP diet groupsdiBagreement with the
increase in LER with increasedcellulose, however, LPV did not vary between @jeiups.
Digestibility of protein was not affected by incseala-cellulose. Digestibility of dry matter

decreased with increaseecellulose, in accordance with increased dry mattéaeces.

Some of the element digestibility results were tiggan our trial, in some or all diet groups,
both essential: Co, Cu, Fe, Mo, Sn and V, and uratde elements: Ba, Cd, Pb and Sr.
Digestibility of the essential elements Co, Fe, BMw Zn and the undesirable elements Pb,
total As, Cd and Hg were not influenced by increaseellulose. Mn and Ba ADC increased
with increasedx-cellulose, for cod fed PP diets, not FM diets. Gotrations of Mo, Mn, V
and Ba seemed to be higher in PP than in FM d@sicentrations of Sr, As, Cd and Hg
seemed to be higher in FM than in PP diets. PbA@ndere below LOQ in feed.
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Conclusion

Cod health was good, based on haematology, cliam@lnutritional blood parameters, which
all ranged within previous reported values for Hgatod. Good health was further confirmed
by the almost no mortality and no diarrheic comdlis. Composition of macronutrients in

whole body and liver had no remarkable variatiamfrthe increased dietaoycellulose.

Our study reports that it seemed hard to manip@asrgy deposition in cod by diluting diets
with cellulose, and cod fed 18%-cellulose had more faecal waste, which may becallo
environmental challenge. Our results also show tuat tolerated up to 18%-cellulose
inclusions, both in combination with FM and PP lohdeets. In addition the cod compensated

by higher feed intake to satisfy its need for egergd protein for optimal growth.
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9 Appendix

Appendix 1

Data sheets for plant ingredients used in the éxetal feed:
- Vitacel: Figure 9.1, 9.2 and 9.3.
- Soycomil: Figure 9.4 and 9.5.
- Wheat gluten: Figure 9.6 and 9.7.

Appendix 2

Description of quality insurance of analytical nedk:
- Quality assurance of analytical methods.
- Quality control of precision and trueness.
- Calibration.

- Accreditation.

Appendix 3
Efficiency ratios and productive values for staacid ash: Table 9.1.

Appendix 4
Concentrations (mg/kg), limit of quantification (KX) and parallel measurements for

elements in feed and faeces, and ADC results é&nehts: Table 9.2, 9.3, 9.4 and 9.5.
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Figure 9.1. Vitacel data sheet, part 1 of 3.

S saiuadold |eo1ways pue [eslsk "
Wodsuen INoge UoHELIGI] Pl _ i LHIM SOUEPIOE Ul POISE) e IE2ILISHD PUE 18915/ Ud m_
(Z d ssejD 18liid sped) ysew ‘uoosiold Alojerdsay
Juswdinbs asnosiold [BUoSISd
wswdinba aaloe)osd |euossad pue Jwi| ssnsodxg g
‘siead ¢ 1589|182 JIGEls ) Jleus
*Adp pue pasoj (jom [eualewl ay) daay]
- - :abi
"esosp GuLinbal woy) Lo sinpoid algem saieaunl oum 002 W g a0V LA 0 SORIOIS
SN U] A USYHEUSPUN 00 AU0 UBD SP3D HANT SUl &) BUIRISIoe ap0s G1SEM B O UMUUE|SSE RS 0l | Bupeo| apejsonos|e suielie saunsesw Areuonnesaid axe)
1snp Jo Bumolq plony
“paEIE|E-Enos =IE {apoo Dan3) enbojeieg eysen usadoung ew o) DulpuooDe sISqUWINU Bp00 SISERY uslwdinba je2ULsa] 10 UDNDNSUoD 8L INDQE UOBULOII [EUONIPRY
aup) Ay s peleEe-acussgnes s snbopeen Spsen usuuss) sy o) BU)pIoooe SEOWND Sp0D SISEM aL |
-sajpmed fisnp Buue)uod
“{sessa0csd vonBLUCISUES [EXIBON0| JBLED sjeusjew B[qISNAISD |8 Ly Buppom usym paaIssqo ag o) arey seunsesiu Jeuoynezoad jBnsn
pure Gupsoduog Buipmou)) sjussos 8 pESn JoU eUE ya)Um ssousieqns ajuebio jo vojews paybujsiosy :BuypueH
|esods|p NogE UoNEMHPpY] gl afrio)s pue Buljpuey v
‘pEEdNs B0 0f 10U BUE SaRR [RS000e aAnREEL FJRL) AMOUY G SABPBMOMN “Ajeniueyoaw dn joejon
sjoaya [eajfojoos uo uopELLIOM|  CFL uonesaql] |EUOHUSILIUN 1B SINSE3 9
‘S LR 30 UGHED|pUY AU Moys Jszprod [eojweya fup 200 'weo} ‘Aeids sejem  sjuebe BuysinBugxe a|gepng
16U PP paaj TR W9y G ) dn saliesop LM SiR) e SR1pms Buipas) suolpgng sainsgew Bunyby-and g
“Wmm Apoq By 5 ¢ wey amow 8y (%) Aoixo) (210 Hnoe e SIE) YA
Jeem jo Ajuaid Y asup JPEUCS Bha Jayy
{sBuieg UBLINY) SUBLINY Aq PEQIDSYE Jou pR1sabip sSUBU 3 8S0n8D JE Y$81) OJU) INC S{ENPIAIPLI aXe) ‘pajeyuy|
fnaxon uo uonEuoI] (L1 sainseaw prejsiy g
Umow poU - suolses) snosasbueg 'supjsojdxa jsnp Guisned jo sjqede)
‘porasqo sianpesd wopscdwesap snosabuep oy Sisnpod wonsoedweep snossbiueg .
. 00F wodde 18 uonisodwoosep [BULBL ] sxsH enpdedsold €
Auanoesd pue Appgems 0L G-HE-H006 “ON-GYD)
% 004 aso|n|ay
a|qryosiy) (D, OF) e .
SUOLEDIpU JBLIN seIpelbul uo uopewojuclsodwo) z
1B Gt ) - 0LL Hysusp BINg 00Z 25} L96L 6+ Aoueblaws ue u) Biaquesoy percL-a
9Z) TGHL96. 61+ ‘UOREWION] | Blyanwzjoy
BGE|EAR BJED U SEIW US0jdRg ZZZT TGLIL9 BL B+ Xeyajel aumen Ag paubisap ssaqiy
0-25 LIL9 6 6p+ "UOBIRL 02+ HEWD 3INHOS 2 HAIVANALLIY T
I WMobayes v 1sng
ua)|ddnspsonpoud auy) Jnoge suoRedjpu|
P LS D) - 0L 2, 005 Noudde B S T |
FE—89 A0, 0F pus OFH 16 ool 38} enjen-pd 002 ¥ ®|_m0<._u_> :swep jonpold [e1ssswwoy
SE8|INORO {EIT=
_ S _.___.__”__no asojnjja) sund AlyBiy :uoneiedaidieourisgns aul Jo awen
ooy o | Auedwios ayy pue uojjesedeid/eouriSqNS By} JO UOKEIRHRUSP| 'L
SEG0a0  TBIED S 900090  9iep aspay
E b Ty ] 9Z-Z0-¥0  189Ns5|j0 eleg

ﬂmm. 199ys ejeq Kajes |euajepy

i

uoisian,

Jeays ejeq b&mm. leLisley
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Figure 9.4. Soycomil data sheet, part 1 of 2.

(Fe61

B R REON) JAVHES (-d R TIIRISHEE 0 - TEREL T
+ JP5TL (=3M “Te peRq papEma(ea st (3

§ Moqe JEEL [Pon) SafEid Summea w (demRa)
AysTRATI) WSGUSTOL Aq pRmsEsm 3 I 3 30

Il 6CFC  T01 aumg N
£8L1  1E6E  POI aumg W
£161  o1TF oLl g 30
queay Egqeas ST
AB1aug
AugnsadTp [ea]l PAZTPEPTEIS-(IIS +
AmeTirag) *AJISIBANI) WIRTUS0H
96 6 SUMETY
06 8 aumpnsTy
68 28 SUME[EATRT
06 68 smana
06 68 SR
06 06 Aurana[es]
i 0L aunsi)
6 16 SUTIDTR
<] g w Aag,
3 [ SUTDAN T,
16 06 aursA
59 519 sgsud a0g
(0)=IS (o) ymaaeddy
F66T DN MG
6 L6 SUMIETY
L6 g6 JUDLSTH
6 6 SUME[EIATET]
< £6 smana]
6 16 AUy
6 6 amonaes]
6 06 augsi)
6 16 SUTOTRAL
&6 68 megdoyding
6 06 sumDan]],
<6 £6 amsAT
59 gr=stid a0g

(aglamr] (o) mamneddy

SIUAPIF203 QIqNsETp (]

o
CEED
1100
Tt
¥eo
80
SE0

e
81
8Ee
1543
#o¥
8L
61t
ELT
681
160
ETF

(152} 0

Yl 'L
%9
% E
%90
%lE9

0= STEjRT AABal]
Tl @yny

£t 7
£1 a3

o0t ]
(€33 Bty
I N
DOTT b
0+ d A[qerEay
00§ d
nge B)

2 gor/Sw
S[EIATIRY

08 n=]
8T sSH
s EA
£¢ Mg
oL sry
Tl dip
6F i
iF mL
6T sADae
¥ B
c9 sAT

uryead F g8

SPRY ommry

amystopy
sy 2pnI)
BqLIApnI)
183 3PN
w01 ANy

AM[EA [EUODLONY

AMIMG J [THO0IA0S UONBULIOTUI [BUONLIIN N

0= spejemm Laea]
i Tl BMn)
Teeg ‘esoory qdd
Jo fatseami) [ERpa] (COOL) TP 12 ouSmSTy . )
<3 5 uz
el £1 af
mdd
T0ET  0I8T 01 ‘(Anmog) J74 =niL - ot -
SITT LL9T T “(dnmed) I
¢ SEE0 SEE o
Qe Sqqeay Syirre 1100 i =
Saauy €L DOTL o
= 0 oFT d 2[qemeay
80 008 d
€] DEE )
8TE SUMIETE[AT] O 2 por/fm
0L T AupUST
i SmInaT SpeIRuIpg
Wi amanafes]
0E FEy
oLF SUMETY oTs 0s ny
v SUmDaI]| 81 3T ST
o megdoyd iy B ¢ EA
[ R SA+IR &€ EC #0d
€30 aumomay " i
b " oy BLO Tl dip
ST 5¥ 04 “SPIE OWIUTY Afqusasyg MM ww . M,m
. ; 681 61T sdopiely
i )
2106 Anmed g3 517 7200 1670 o1 =50
. g7t 9 AT
Ti6 SUME[EANRT]
res JpLSTEH (s15e) 0 wspoad 3 gop/3
has : 1SE) 05 00T/2
16 Smnaos] S
L68 ey Gk
96 SUMIETY
788 SUMAN
o8 IR ;
T16 SOy wio b2 tin
T amsiy %LE L spruny
i 2,00 1B 3p1I)
(1) may =l 69 w0l 3pNI)
. i
SI2200 QIqOs3EN A g
Uy

Anmod J [IUI0dA0S NONBULIOJUI [RUONLIINN A "/

Figure 9.5. Soycomil data sheet, part 2 of 2.
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Figure 9.6. Wheat gluten data sheet, part 1 of 2.
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Figure 9.7. Wheat gluten data sheet, part 2 of 2.
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Appendix 2

Quality assurance of analytical methods

To get reliable results from analyses it is impoirteo have good validations of chemical
analytical methods. When validating a method, aiameters in the method have to go
through examination and determination (Julshastnal, 2005). Important method
parameters in a validation process are; specifi@gtermination of analytical component
without interference), calibration, precision, tness, ruggedness (sensitivity for changes),
limit of quantification and measuring ranges. Alltbis has to be controlled in advance, to get
reliable results from the method. Thus there amityucontrols and calibrations that must be

done together with analyses of samples, to makethat analyses are done correctly.

Quality control of precision & trueness

Quality of analyses can be controlled by duplicaeasurements of each sample. Variance
between duplicate samples can not be over a statetber. This will control precision of
results. One or more reference materials with cbminarts are used, and reference material
will help in controlling trueness of results. Caltcharts have a mean value and upper and
lower limit that result values from analyses hawebe within to be approved. Values and
limits in the control charts are made from sevatahtical analyses on same material. Control

charts are controlled by laboratory leaders.

Calibration

A calibration curve/standard curve is made fromesalvweighing (at least two, but mostly
more is better) of a control material. The contr@terial has a known concentration and can
be controlled with a control chart. Samples arentjtiad from the calibration curve.
Therefore we have to know the measuring range wtinene is linearity between analytical
signal and concentration. It is often importanat@alyse control material both before and after
analysing samples, so we know that nothing havengd during analyses. A calibration

curve is of course not needed in gravimetric meshod
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Accreditation

Accreditation of a method means that the methodfiially approved of a competent

organisation. Accredited methods have to satisfgrivational standards, to insure trust of
results internally and externally. NIFES is accredi for chemical and microbiological

analyses and the management is bound to makehatraboratories do analyses in according
to general principles for good laboratory practicentrol routines and quality planning.

Today Nifes have over 70 accredited methods. NAnfidgian accreditation organisation)

visits NIFES yearly, and NA is evaluated by EA (&wean accreditation organisation) to
have same requirements in different countries. Quedutines are; variance treatment, SLP
(comparing analyse results with other laboratoriesntrolling routines and internal and

external audits. Not all methods have accreditatisimce this is expensive and time
demanding. In addition, accreditation is not needéen results from the method are not
given to the Norwegian food safety authority (Magthet) and when results only are used in

experiments.
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Appendix 3

Table 9.1. Starch efficiency ratio (SER), starch productiaue (SPV), ash efficiency ratio
(AER) and ash productive value (APV) for Atlantiodcfed eight different diets in duplicate
of each, from the total feeding trial (week 0 t9.19ER increased with increaseetcellulose
for cod fed FM diets (R0.62, p<0.05), but not for cod fed PP diets. SR wot affected by
a-cellulose. AER decreased with increaseeellulose for cod fed PP diets %®0.52,
p<0.05), but not for cod fed FM diets. APV decrehwgath increasedi-cellulose for cod fed
PP diets (R=0.58, p<0.05), but not for cod fed FM diets.

Diets* SER SPV AER APV
FM O 9.5 0.01 14.3 0.41
FMO 10.3 0.06 154 0.35
FM 6 10.3 0.01 15.3 0.35
FM 6 10.5 0.03 155 0.39
FM 12 10.5 0.00 15.3 0.46
FM 12 11.2 0.04 16.2 0.33
FM 18 11.7 0.04 16.0 0.42
FM 18 10.6 -0.02 14.5 0.44
PP O 12.0 0.04 16.2 0.43
PP O 11.3 0.02 15.3 0.48
PP 6 11.2 0.02 15.6 0.30
PP 6 11.3 0.04 15.6 0.53
PP 12 10.9 0.02 14.5 0.36
PP 12 12.2 0.04 16.2 0.35
PP 18 11.9 0.04 13.3 0.28
PP 18 12.9 0.05 14.3 0.24

*Abbreviations: FM = fish meal, PP = 50% plant giot& 50% fish meal, 0, 6, 12 & 18 = %
inclusions ofa-cellulose (on a weight basis).
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Appendix 4

Table 9.2. Analysed concentrations of elements in diets (gg/kincluded limit of
guantification (LOQ) for elements below LOQ and igace (%) between parallel
measurements of elements in diets.

Elements **
Diets**| Y| Ag |As|Ba|Cd|Co|Cu|Fe| Hg [Mn[Mo] Pb [ Se | Sn [Sr] v | zn

Concentrations of elements in feed (mg/kg):

FMO 165]<0.01|3.7|/09]0.2]0.1] 7 |200|0.09|25| 0.2 |<0.04|<0.2|<0.04|26| 0.1 |160

FM6 [68|<0.01/36|11]02|01| 8 |190]|0.08|27]0.1] 0.12 |<0.2|/<0.04|24|0.1 |170

FM12 [65(<0.01/34]10|02|01| 8 |170]0.07[24| 0.1 |<0.04|<0.2| 0.05 |[23]|0.1 170

FM18 |64[<0.01|3.1|12|02|01| 7 [220]0.07|26| 0.1 |<0.04|<0.2| 0.07 |[21]| 0.1 |160

PPO 80/<0.01/24[3.4]0.1)0.2| 10 |[290/0.04| 54| 0.9 |<0.04]|<0.2|<0.04|17| 0.3 | 180

PP6 66/<0.01/26]3.2/01/02| 9 [230/0.04|47|0.8 |<0.04|<0.2| 0.04 |16]| 0.3 | 160

PP12 [63]<0.01/24(3.1]01]02| 8 |240]|0.04|46| 0.7 |<0.04|<0.2| 0.05 |15] 0.3 | 140

PP18 |58[<0.01/2.1|3.3|01)0.2| 7 |230]/0.03|45]| 0.7 |<0.04|<0.2| 0.07 |14]| 0.3 130

Variance between parallel measurements (%):
FMO * * * 124 * |33 * |14 |20 |17 27 * * 48 |15] * *

FM6 12| * * | 27| * |110] * |20 ] * * | 25| 152 * 10 | * |71 | *

FM12 * * * * * * * * * * * 29 * * * 24 *

FM18 * * * * * 49 * 47 * 37 * 20 * * * * *

PPO * * * * * 11 * 33 * 14 * * * 10 * * *

PP6 * * * * * * * * 12 * * * * 26 * * *

PP12 * * * * * * * 29 * * * 11 * * * * *

PP18 * * * * * * * 31 11 15 * 25 * * * * *

* Variance between parallels is accepted = belawgbper limit at 10%

**Abbreviations: FM = Fish Meal, PP = 50 % Planbiin & 50 % Fish Meal, 0,6,12 &18 =
% a-cellulose inclusions, Y=yttrium, Ag=silver, Ba=lnam, Cd=cadmium, Co=cobalt,
Cu=copper, Fe=iron, Hg=mercury, Mn=manganese, Mdybuznum, Pb=lead,
Se=selenium, Sn=tin, Sr=strontium, V=vanadium andznc.
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Table 9.3. Analysed concentrations of elements in freeze dig@tes (mg/kg), for cod fed
different diets, included limit of quantificatiom@Q) for elements below LOQ and variance
(%) between parallel measurements of elements.

Elements **
Diets**| Y ‘ Ag |As‘ Ba|Cd|Co‘Cu| Fe | Hg ‘Mn‘Mo| Pb |Se| Sn |Sr|V|Zn

Concentrations of elements in freeze dried faeces (mg/kg):

FMO |340|<0.02|2.8| 3.5 |0.8|/0.3/33|1100| 0.13 |60 |1.5| 0.13 |<0.2| 0.08 |400|0.5|630

FMO |270|<0.02|29| 23 |0.9|0.3]26| 620 | 0.12 |30 |0.5| 0.11 |<0.2| 0.10 |260|0.4|370

FM6 [310]<0.02|19| 4.7 |0.6]/0.3|25]| 750 | 0.09 |54 04| 1.30 |<0.2| 0.12 |240|0.4|480

FM6 |260|<0.02|2.2] 19 |0.6]|0.3[24| 530 | 0.09 |21 /04| 0.14 |<0.2| 0.17 [200)|0.3|290

FM12 [240|<0.02|1.9]| 3.3 |0.5|/0.2(25| 590 | 0.07 |45 |6.7] 0.26 |<0.2| 0.22 |270)|0.4|450

FM12 |230|<0.02|1.7| 3.7 |0.4/0.2]18| 480 | 0.09 | 16 |0.3| 0.09 |<0.2| 0.18 |170|0.3|250

FM18 |[180|<0.02|1.8| 1.2 |0.4]/0.2|18| 390 |<0.06| 10 [0.4|<0.08|<0.2| 0.23 |150|0.2|180

FM18 [190|<0.02|1.4| 2.1 |0.4]0.2|16| 400 |<0.06| 16 |[0.3|<0.08|<0.2| 0.21 |450|0.3|230

PPO 370|<0.02|2.0| 9.3 |0.5/0.9/35]1000|<0.06| 73 |1.4| 0.12 |<0.2|<0.08310|1.4|440

PPO 280|<0.02|2.1110.0|/0.6/0.9|37| 810 |<0.06|70|1.0] 0.11 |<0.2| 0.08 [440|1.4|440

PP6 220]<0.02|16| 7.3 |0.5/0.8|32| 740 |<0.06|52 |0.8| 0.08 |<0.2| 0.14 |250|1.1|360

PP6 240]<0.02|1.7| 6.9 |0.5]/0.7|29| 740 |<0.06|40|0.8| 0.13 |<0.2| 0.14 |220|1.0|330

PP12 |210|<0.02|1.4]| 5.2 |0.3|/0.5[22| 650 |<0.06| 39 |0.8/<0.08|<0.2| 0.19 [200]0.9|250

PP12 |210|<0.02|1.4]| 6.3 |0.4]|0.5[23| 530 |<0.06| 34 |0.7[<0.08|<0.2| 0.17 |170)0.8|300

PP18 |170|<0.02|1.2] 4.2 |0.3|/0.5[21| 520 |<0.06| 23 |0.7[<0.08|<0.2| 0.21 |170|0.7 | 200

PP18 [160|<0.02|1.1] 3.9 |0.3]/0.5|/20]| 440 |<0.06| 14 |0.7| 0.08 |<0.2| 0.22 |140|0.6|180

Variance between parallel measurements (%):

FMO * * * * * * * * * * 80 36 * * * * *

FMO * * * 15 * * * * * * * * * 35 * * *

FMG * * * * * * * 11 * * * * * 23 * * *

FM6 * * * * * * * * * * * 41 * 11 * * *

FM12 |14 [ * [ x[25 [~ [« | «[ = | = | »Joa[127 [ * | = | = [=*]~

FM12 * * * 107 * * * * * * * * * 14 * * *

FM18 * * 11| * |10 * | * * 12 L 57 * 19 * * *

FM18 * * * * * * * * * * * * * 13 * * *

PPO * * * * * * * * * * * 20 14 * * * *

PPO * * * 23 * * * * 13 * * 40 * 16 * * *

PP6 * * * * * * * 18 * * * * * 18 * * *

PP6 * * * * * * * * * * * * * * * * *

PP12 * * * * * * * * * * * * * 10 * * *

PP12 * * * * * * * * 16 * * * * * * * *

PP18 * * * * * * * * 30 * * * * * * * *

PP18 * * * * * * * * 15 * * 13 12 * * * *

* Variance between parallels is accepted = belawgbper limit at 10%

**Abbreviations: FM = Fish Meal, PP = 50 % Planbiin & 50 % Fish Meal, 0,6,12 &18 =
% a-cellulose inclusions, Y=yttrium, Ag=silver, Ba=lnam, Cd=cadmium, Co=cobalt,
Cu=copper, Fe=iron, Hg=mercury, Mn=manganese, Mdybuznum, Pb=lead,
Se=selenium, Sn=tin, Sr=strontium, V=vanadium andznc.
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Table 9.4. Calculated concentrations of elements in wet faéeegkg), for cod fed different
diets.

Elements (mg/kg) **
Diets** | Y A As |Ba| Cd | Co |Cu| Fe | H Mn| Mo | Pb | Se | Sn |Sr| V |Zn
g g

FMO [522| * |043|0.5/0.13]/0.05|5.1|169|0.020| 9 |0.23|0.02| * ]0.01|61/|0.08 |97

FMO [38.2] * ]0.41]|0.3|0.12/0.04/3.7| 88 |0.017| 4 |0.07|/0.02| * ]0.01|37|0.05|52

FM6 |570] * ]0.35|0.9/0.10/0.06|4.6]/138)|0.017|10|0.07/0.24| * |0.02|44|0.08 |88

FM6 |47.7] * ]0.40]0.3|/0.12|/0.05]4.4| 97 |0.017 0.08/0.03| * ]0.03|37|0.06 |53

FM12 [46.2| * |0.37]|0.6/0.10]/0.05|4.8|114|0.013 1.29|0.05| * ]0.04|52|0.07 |87

FM18 |32.7| * ]0.33|0.2/0.07/0.04|3.3| 71 * 0.07| * * 10.04127)0.04|33

4
9

FM12 |425| * |0.31(0.7|0.07(0.03|3.3| 89 [0.017| 3 [0.06/0.02| * |0.03|31|0.05|46
2
3

FM18 |36.9| * ]0.27]|0.4/0.07/0.03|3.1| 78 * 0.06| * * 10.04187)0.06 |45

PPO 58.9| * |0.32|15|0.08|/0.14|5.6/159| * 12 ]10.22|0.02| * * 14910.22|70

PPO 419| * ]10.31]|15|0.09/0.13|55|121| * 10 /0.15]|0.02| * ]0.01|66|0.21 |66

PP6 350| * 10.25]|1.2|0.07|0.12|5.1|118| * 0.12|/0.01] * ]0.02[40]0.17|57

PP6 41.2| * 10.29]1.2|0.08|0.12|5.0]127| * 0.13/0.02| * 10.02|38|0.17 |57

PP12 |37.7| * ]0.25]|0.9/0.06/0.10|3.9|117| * 0.15| * * 10.03|36)|0.16 | 45

PP18 |[30.1| * ]0.21]|0.7/0.06]0.09|3.7| 92 * 012 * * 10.04]30[0.13|35

8
7
7
PP12 |39.6| * |0.26(1.2|0.07|0.10|4.3|100 * 6 |0.13| * * 10.03|32|0.15|57
4
3

PP18 [28.7] * |0.20|0.7/0.06]0.08|3.6]| 79 * 0.12|/0.01] * ]0.04[25]0.11|32

* Below limit of quantification (LOQ)

**Abbreviations: FM = Fish Meal, PP = 50 % PlanbRin & 50 % Fish Meal, 0,6,12 &18 =
% a-cellulose inclusions, Y=yttrium, Ag=silver, Ba=lnam, Cd=cadmium, Co=cobalt,
Cu=copper, Fe=iron, Hg=mercury, Mn=manganese, Mdybuznum, Pb=lead,
Se=selenium, Sn=tin, Sr=strontium, V=vanadium andznc.

Table 9.5. Apparent digestibility coefficients (ADC) for elemts (included negative results),
for cod fed different diets.

Elements (mg/kg) **
Diets** | Ag |As| Ba |Cd|Co|Cu| Fe |Hg| Mn | Mo Pb |Se|Sn| Sr | V | Zn

FMO * 186 24 1524 14| 5 |72 | 54 -19 * * * 1-194 | -24| 25

FMO * 181] 36 |-11(21 13| 24 |67 | 71 47 * * * |-144 |-10| 43

FM6 * |88] 6 3150 32| 13 | 75 | 56 32 | -138 | * * |-119] 20 | 38

FM6 * 184 54 7 |53 |21 26 | 70| 79 7 69 * * |-121 31| 55

FM12 * 185 11 |16 (-30|11| 6 | 73 | 49 |-2168 * * 1-19]-218 |-35| 28

FM12 * 186 -6 [32]-3|32|19 63|81 -15 * * | -3 [-112| -7 | 58

FM18 * |79| 64 |16 | -2 |14 | 37 | * | 86 | -26 * * |-17]-154| 2 | 60

FM18 * |85] 40 |21 |22 |126|38 | * |79 -3 * * | -3 ]-633|-28]| 51

PPO * 182 41 |15 3 |24 25| * |71 65 * * * 1-294 | 11 | 47

PPO * |75] 15 |-29|-36| -7 |19 | * | 63 67 * * * -649(-19] 29

PP6 * 182 32 |-18(-38| -9 | 3 * | 67 71 * * | -5 1-369| -6 | 33

PP6 * 18| 40 | -7 |15 8 |10 | * | 76 72 * * 2 |-284|10 | 42

PP12 * 83| 50 7 |1 ]14]19 | * |75 64 * * |-141-300| 7 | 46

PP12 * 182 38 | -3[|-1]9 |33 | * |77 71 * * | -4 1-245|13 | 35

PP18 * 181 57 |94 3|23 | * |83 67 * * | -2 [-314 |04 | 48

PP18 * |81] 56 |-25]| -6 |0,3| 29 | * | 89 66 * * |-161-269| 7 | 49

* Below limit of quantification (LOQ) in feed or/ahfaeces

**Abbreviations: FM = Fish Meal, PP = 50 % Planbkin & 50 % Fish Meal, 0,6,12 &18
% a-cellulose inclusions, Y=yttrium, Ag=silver, Ba=lnam, Cd=cadmium, Co=cobalt,
Cu=copper, Fe=iron, Hg=mercury, Mn=manganese, Mdybuznum, Pb=lead,
Se=selenium, Sn=tin, Sr=strontium, V=vanadium andznc.
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