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Abstract	  

	  

A	  seven-‐month	  long	  feeding	  trial	  was	  conducted	  to	  investigate	  the	  dietary	  influence	  on	  

texture,	  gaping	  and	  liquid	  loss	  in	  fillets	  of	  Atlantic	  salmon.	  	  

During	  the	  first	  3	  months	  of	  the	  experiment	  the	  salmon	  where	  fed	  a	  diet	  with	  high	  fat	  

content	  (36%)	  and	  a	  diet	  with	  low	  fat	  content	  (18%).	  One	  group	  where	  also	  fed	  the	  low	  

fat	  diet	  in	  half	  ration.	  As	  expected,	  this	  resulted	  in	  groups	  of	  salmon	  with	  significant	  

differences	  in	  body	  weight	  and	  fat	  content.	  By	  achieving	  this,	  we	  could	  study	  the	  

differences	  in	  flesh	  quality	  and	  fat	  composition	  among	  groups	  with	  different	  growth	  

potential	  through	  the	  autumn.	  	  

These	  groups	  where	  then	  mixed	  in	  new	  net	  pens	  and	  fed	  different	  diets	  for	  the	  next	  4	  

months.	  The	  new	  diets	  had	  equal	  fat	  content,	  but	  different	  main	  lipid	  source	  (rapeseed	  

oil/marine	  oil)	  and	  protein	  level.	  	  

Main	  dietary	  oil	  source	  in	  the	  diet	  did	  not	  affect	  the	  slaughter	  parameters,	  except	  for	  the	  

slaughter	  yield.	  The	  fatty	  acid	  composition	  of	  the	  fillets,	  were	  also	  strongly	  affected	  by	  

dietary	  oil	  source.	  Quality	  parameters	  were	  not	  affected	  by	  oil	  source,	  except	  for	  a	  

somewhat	  lower	  liquid	  loss	  in	  the	  group	  fed	  the	  marine70	  diet.	  	  

The	  present	  study	  did	  not	  see	  any	  significant	  effect	  of	  adding	  extra	  amino	  acids	  to	  a	  diet	  

in	  terms	  of	  slaughter	  parameters,	  fat	  and	  fatty	  acid	  composition	  and	  quality	  parameters.	  
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1.	  INTRODUCTION	  
	  

Atlantic	  salmon	  is	  one	  of	  the	  most	  significant	  species	  in	  global	  aquaculture,	  especially	  in	  

terms	  of	  value.	  The	  production	  has	  increased	  dramatically	  over	  the	  last	  10	  years	  and	  in	  

2010	  the	  total	  production	  was	  over	  1	  460	  000	  tonnes	  (FAO,	  2010).	  Norway	  was	  the	  

largest	  producer	  with	  944	  600	  tonnes,	  accounting	  for	  about	  65	  %	  of	  the	  total	  amount.	  

Most	  of	  the	  Norwegian	  salmon	  was	  exported,	  reaching	  a	  value	  of	  31,3	  billion	  NOK.	  This	  

exceeded	  the	  value	  of	  export	  from	  fisheries	  the	  same	  year,	  making	  salmon	  farming	  one	  

of	  Norway’s	  most	  important	  industries	  (FHL,	  2011).	  

Production	  of	  Atlantic	  salmon	  is	  predicted	  to	  continue	  growing	  in	  the	  future	  to	  meet	  

food	  demands	  for	  the	  increasing	  human	  population	  (FAO,	  2010).	  Though	  there	  are	  some	  

limitations	  as	  the	  situation	  is	  today.	  	  

	  

Harvesting	  of	  wild	  fish	  stocks	  for	  fishmeal	  and	  fish	  oil	  have	  already	  reached	  its	  

maximum	  sustainable	  level	  (FAO,	  2010).	  Today	  70%	  of	  the	  fishmeal	  and	  almost	  90	  %	  of	  

the	  fish	  oil,	  produced	  globally,	  are	  used	  in	  feed	  for	  aquatic	  animals	  (Naylor	  et	  al,	  2009).	  It	  

has	  therefore	  been	  a	  strong	  focus	  on	  improving	  the	  utilization	  of	  raw	  materials	  in	  the	  

fish	  feed	  industry	  (Bostock	  et	  al,	  2010).	  Replacing	  fish	  oil	  and	  fishmeal	  with	  vegetable	  

protein	  and	  oils	  has	  been	  one	  of	  the	  solutions,	  but	  this	  has	  created	  some	  new	  challenges.	  

The	  Norwegian	  institute	  of	  public	  health	  recommends	  intake	  of	  fatty	  fish	  like	  salmon,	  

due	  to	  its	  high	  content	  of	  long	  chained	  omega-‐3	  fatty	  acids;	  eicosapentaenoic	  acid	  (EPA)	  

and	  docosahexaenoic	  acid	  (DHA).	  EPA	  and	  DHA	  are	  known	  to	  be	  health	  beneficial,	  

especially	  in	  relation	  to	  the	  cardiovascular	  system	  and	  development	  of	  the	  brain	  in	  

humans	  (Frøyland	  et	  al	  2011).	  	  Unfortunately,	  the	  fatty	  acid	  composition	  of	  fish	  flesh	  

tends	  to	  reflect	  the	  fatty	  acid	  composition	  of	  the	  diet	  (Bell	  1998).	  Hence,	  the	  

replacement	  of	  fish	  oil	  lowers	  the	  EPA	  and	  DHA	  levels	  and	  thereby	  reduces	  the	  health	  

effects	  of	  consuming	  salmon.	  

	  

To	  maintain	  a	  good	  reputation	  and	  a	  large	  market	  share,	  it	  is	  of	  importance	  to	  the	  

salmon	  farming	  industry	  to	  achieve	  high	  flesh	  quality.	  	  

Concerning	  the	  inclusion	  of	  vegetable	  proteins	  and	  oils	  in	  feed	  for	  salmon	  and	  its	  effect	  

on	  flesh	  quality,	  the	  results	  from	  earlier	  studies	  are	  somewhat	  contradicting	  

(Thomassen	  &	  Røsjø,	  1989;	  Hardy	  et	  al,	  1987;	  Johnston,	  1999;	  Regost	  et	  al,	  2004).	  	  
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The	  effect	  of	  seasonal	  variations	  and	  growth	  rate	  on	  texture	  of	  farmed	  salmon	  fillets,	  are	  

to	  a	  larger	  extent	  a	  more	  established	  fact	  (Mørkøre	  &	  Rørvik,	  2001;	  Roth	  et	  al	  2005).	  	  

A	  desirable	  high	  growth	  rate,	  can	  cause	  softening	  of	  the	  fish	  flesh	  and	  thereby	  

downgrading	  after	  slaughtering.	  A	  recent	  study	  has	  however	  shown	  that	  addition	  of	  

amino	  acids	  in	  the	  feed	  can	  improve	  the	  texture	  without	  affecting	  the	  growth	  (Mørkøre	  

et	  al,	  2010).	  

	  

The	  aim	  of	  this	  thesis	  is	  to	  look	  at	  dietary	  effects	  on	  texture,	  gaping	  and	  liquid	  loss	  in	  

fillets	  of	  farmed	  Atlantic	  salmon,	  in	  relation	  to	  fat	  level,	  fat	  source	  and	  amount	  of	  amino	  

acids	  in	  the	  feed.	  
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2.	  THEORETICAL	  BACKGROUND	  	  

	  

2.1	  Flesh	  quality	  

Flesh	  quality	  is	  usually	  defined	  by	  taste,	  smell,	  appearance,	  firmness,	  juiciness	  and	  

process	  characteristics.	  Feeding	  regime,	  diet	  composition	  and	  the	  environment	  are	  

factors	  known	  to	  affect	  the	  condition	  of	  the	  muscle	  tissue	  and	  thereby	  the	  flesh	  quality	  

of	  fish	  (Johnston,	  1999).	  	  

Sustaining	  high	  flesh	  quality	  is	  important	  to	  the	  fish	  farming	  industry,	  to	  maintain	  a	  

good	  reputation	  and	  market	  share.	  Low	  fish	  flesh	  quality	  leads	  to	  reduced	  consumer	  

acceptability	  (Ando,	  1999)	  and	  downgrading	  (Mitchie,	  2001).	  Thereby	  lowering	  the	  

value	  of	  the	  product	  resulting	  in	  an	  economic	  loss	  for	  the	  farmers.	  	  

The	  most	  important	  flesh	  quality	  traits	  for	  Atlantic	  salmon	  are	  colour,	  texture,	  fat	  

content	  and	  chemical	  composition	  of	  the	  flesh.	  	  

	  

2.2	  Muscle	  composition	  	  

The	  main	  part	  of	  fish	  flesh	  is	  water,	  and	  in	  fatty	  fish	  like	  salmon	  the	  water	  content	  is	  

approximately	  64%.	  Protein	  levels	  vary	  from	  20	  –	  22	  %,	  while	  lipids	  usually	  constitutes	  

about	  13	  -‐15	  %	  (Fennema,	  1996).	  	  	  

The	  fillet	  of	  an	  Atlantic	  salmon	  consists	  of	  three	  major	  components;	  muscle	  blocks	  of	  

contractile	  protein	  (myotomes),	  connective	  tissue	  (myocommata)	  and	  lipids	  (Kiessling,	  

2006).	  The	  myotomes	  and	  myocommata	  are	  found	  in	  separate,	  parallel	  layers,	  giving	  the	  

fillet	  a	  striated,	  W-‐shaped	  formation	  (Figure	  2.1).	  Actin	  and	  myosin	  constitutes	  the	  main	  

part	  of	  the	  contractile	  protein,	  which	  are	  organised	  in	  myofibrils	  inside	  the	  muscle	  fibres	  

(Love,	  1970).	  The	  connective	  tissue	  is	  made	  up	  by	  collagen	  and	  forms	  the	  cytoskeleton	  

of	  the	  muscle.	  Lipids	  are	  located	  in	  the	  cell	  membranes	  as	  phospholipids,	  in	  the	  

cytoplasma	  of	  the	  muscle	  fibres,	  as	  lipid	  droplets	  or	  in	  the	  adiposities	  as	  storage	  lipids	  

(Kiessling,	  2006).	  	  

Salmon	  has	  two	  types	  of	  muscle	  tissue.	  White	  muscle	  composed	  of	  high	  contracting	  

fibres	  used	  for	  rapid	  swimming	  and	  dark	  muscle	  containing	  slow	  contracting	  fibres	  used	  

for	  sustained	  swimming	  (Johnston	  et	  al,	  1977).	  	  

The	  white	  muscle,	  which	  is	  high	  glycolytic	  and	  anaerobic	  is	  the	  dominating	  muscle	  type	  

constituting	  up	  to	  90%	  of	  the	  total	  muscle	  (Kiessling,	  2006).	  In	  Atlantic	  salmon	  the	  white	  

muscle	  is	  pigmented	  red,	  from	  the	  carotenoids	  in	  the	  diet.	  	  
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The	  dark	  muscle	  is	  aerobic	  and	  has	  its	  colour	  due	  to	  rich	  blood	  supply	  and	  high	  

concentrations	  of	  myoglobin	  (Johnston,	  1977).	  

In	  meat	  from	  mammals,	  the	  texture	  is	  directly	  affected	  by	  the	  connective	  tissue.	  Fish	  

muscle	  contains	  less	  connective	  tissue	  (Sato	  et	  al,	  1986),	  and	  is	  not	  as	  important	  for	  the	  

texture	  except	  for	  in	  raw	  and	  smoked	  products	  (Johnston	  et	  al,	  2000).	  Studies	  have	  

revealed	  that	  there	  is	  a	  correlation	  between	  muscle	  diameter,	  muscle	  fibre	  density	  and	  

firmness	  (Hatae	  et	  al	  1986,	  Hurling	  et	  al	  1996,	  Johnston	  et	  al	  2000).	  Small	  average	  

diameter	  and	  high	  density	  of	  muscle	  fibres,	  generally	  gives	  the	  highest	  firmness.	  	  	  	  

	  

Figure	  2.1:	  Picture	  showing	  the	  striated,	  W-‐	  shaped	  muscle	  of	  salmon,	  where	  the	  thick	  

orange	  lines	  are	  the	  muscle	  blocks	  (myotome)	  and	  the	  thin	  white	  lines	  are	  the	  

connective	  tissue	  (myocommata).	  	  

The	  illustration	  is	  adapted	  from	  http://www.earthlife.net/fish/muscles.html.	  

	  

2.3	  Lipids	  

Lipids	  are	  organic	  substances,	  insoluble	  in	  water,	  but	  soluble	  in	  non-‐polar	  organic	  

solvents.	  They	  are	  an	  important	  source	  of	  metabolic	  energy	  (ATP),	  since	  they	  have	  the	  

highest	  energy	  level	  of	  all	  nutrients,	  with	  a	  gross	  energy	  value	  of	  9.5	  kcal/g	  (Tacon,	  

1987).	  Lipids	  are	  especially	  important	  as	  energy	  source	  for	  carnivorous	  coldwater	  

species	  like	  salmonids,	  which	  has	  a	  low	  ability	  to	  utilize	  carbohydrates	  for	  energy.	  	  

Dietary	  lipids	  may	  be	  protein	  sparing,	  and	  thereby	  have	  a	  positive	  effect	  on	  feed	  

utilisation	  and	  growth	  (Watanabe	  1982;	  Hardy	  1999).	  	  
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Lipids	  can	  be	  categorized	  as;	  neutral	  lipids,	  where	  triacylglycerides	  constitutes	  the	  

largest	  part	  or	  polar	  lipids,	  dominated	  by	  phospholipids	  (Tacon,	  1987).	  	  

In	  salmonids,	  the	  triacylglycerides	  are	  the	  most	  abundant	  lipid	  group,	  and	  may	  

constitute	  more	  than	  90	  %	  of	  the	  total	  fat	  (Aursand	  et	  al,	  1994).	  The	  main	  function	  of	  

triacylglycerides	  is	  to	  work	  as	  fat	  depots.	  Several	  studies	  have	  shown	  that	  the	  fatty	  acid	  

composition	  of	  triacylglycerides	  is	  strongly	  affected	  by	  the	  diet	  (Thomassen	  &	  Røsjø,	  

1989;	  Waagbø	  et	  al,	  1991).	  	  

Phospholipids	  constitute	  approximately	  6%	  of	  the	  total	  fat	  in	  salmonids	  (Aursand	  et	  al,	  

1994),	  and	  generally	  contain	  high	  levels	  of	  n-‐3	  fatty	  acids.	  Phospholipids	  functions	  as	  

the	  major	  building	  blocks	  of	  cell	  membranes.	  Contrary	  to	  the	  triacylglycerides,	  the	  fatty	  

acid	  profile	  of	  phospholipids	  is	  not	  strongly	  correlated	  to	  the	  diet	  (Lie	  &	  Huse,	  1992).	  	  

	  

	  
Figure	  2.2:	  Triacylglycerol.	  (Halver,	  2002)	  

	  
Figure	  2.3:	  Phosphatic	  acid,	  the	  backbone	  of	  phosholipids	  (Halver,	  2002)	  	  

	  

2.3.1	  Fatty	  acids	  

Fatty	  acids	  are	  the	  building	  blocks	  of	  most	  lipids,	  composed	  of	  carboxylic	  acids	  with	  long	  

hydrocarbon	  chains.	  They	  are	  classified	  by	  chain	  length,	  number	  of	  double	  bonds	  and	  

position	  of	  double	  bonds.	  Number	  of	  double	  bonds	  signifies	  degree	  of	  unsaturation.	  

Fatty	  acids	  with	  no	  double	  bonds	  are	  saturated,	  with	  one	  double	  bond	  are	  

monounsaturated	  and	  with	  more	  than	  one	  double	  bond	  are	  polyunsaturated	  (PUFA)	  

(Halver,	  2002).	  	  	  
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published by us and our colleagues since the first edition of this chapter
(Henderson and Tocher, 1987; Sargent et al., 1990, 1993a, b, 1995a–d, 1997,
1999a,b; Sargent, 1995a,b, 1997; Sargent and Henderson, 1995; Henderson,
1996; Bell, 1998; Sargent and Tacon, 1999). We hope that the readers of this
review will understand that we cannot provide here complete coverage of the
now very extensive literature on fish lipid nutrition. Our laboratory database
of references is now several times longer than the length permitted for a
review chapter of this type.

4.2
Structures and Biosynthesis

4.2.1. Lipid Classes: Structures

4.2.1.1. Triacylglycerols

These consist of three molecules of fatty acids esterified to the sn-1, sn-2,
and sn-3 positions of l-glycerol (Fig. 4.1). A single fatty acid may be esterified
to all three positions of the glycerol, e.g., as in trioleoylglycerol (triolein),
where oleic acid is the only fatty acid esterified; or two fatty acids may be
esterified, as in dioleoylmonopalmitoylglycerol; or three fatty acids may be
esterified, as in oleoyllinoleoylpalmitoylglycerol. In general, saturated fatty
acids and monounsaturated fatty acids are preferentially located in the sn-1
and sn-3 positions of glycerol, whereas PUFA are preferentially located in the
sn-2 position of glycerol. However, many exceptions exist to this general rule,
e.g., tridocosahexaenoyl(tri-22:6n -3)glycerol can be a major component of
the triacylglycerols in the eye lipids of some fish (e.g., Nicol et al., 1972).

4.2.1.2. Wax Esters

These molecules consist of a single molecule of a fatty acid esterified to a
single molecule of a fatty alcohol (Fig. 4.2). Wax esters are very abundant in
marine zooplankton, particularly, in calanoid copepods and in euphausiids
(red feed and krill, respectively), which form major natural feeds for many
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FIG. 4.1

A triacylglycerol: three fatty acids esterified to l-glycerol.
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FIG. 4.2

A wax ester consisting of a fatty acid (top) esterified to a fatty alcohol (bottom).

species of zooplankton-consuming marine fish. They can also be present
in considerable amounts in the body tissues and in the eggs of some fish
species. The fatty alcohols in marine wax esters are generally saturated or
monounsaturated and, in the case of high-latitude marine zooplankton,
can be very rich in 20:1n -9 and 22:1n -11 moieties. The fatty acids of marine
wax esters can be saturated, monounsaturated, or polyunsaturated. When
consumed by zooplanktonivorous fish, wax esters are converted to triacyl-
glycerols. Thus, the large amounts of 20:1n -9 and 22:1n -11 fatty acids in
the triacylglycerols of many “northern hemisphere fish oils,” i.e., oils from
species such as herring, sand eels, and capelin, are derived directly from the
oxidation of the corresponding fatty alcohols ingested from zooplankton
wax esters (Sargent and Henderson, 1995). These fatty acids are present at
only low percentages in “southern hemisphere fish oils,” which are corre-
spondingly richer in n -3 PUFA, especially 20:5n -3 (Sargent and Henderson,
1995).

4.2.1.3. Phosphoglycerides

The term “phospholipids” is usually taken to mean phosphoglycerides,
which have a common backbone of phosphatidic acid (Fig. 4.3), i.e.,

CH O  C
O

O  C
O

O  P

O

OH

OH

CH2

CH2

FIG. 4.3

Phosphatidic acid, the backbone of the phosphoglycerides.
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Omega-‐3	  fatty	  acids	  are	  PUFA’s	  with	  the	  first	  double	  bond	  at	  the	  third	  position	  counted	  

from	  the	  methyl	  end	  of	  the	  molecule.	  The	  body	  cannot	  synthesize	  omega-‐3	  fatty	  acids	  

itself,	  and	  they	  are	  therefore	  considered	  essential	  fatty	  acids	  –	  EFA	  (Børresen,	  2008).	  

The	  omega-‐3	  fatty	  acids	  can	  be	  divided	  in	  two	  groups;	  the	  alpha-‐linolenic	  acid	  (C18:3	  n-‐

3)	  and	  the	  highly	  unsaturated	  fatty	  acids	  (HUFA	  -‐	  20	  or	  more	  carbons	  and	  3	  or	  more	  

double	  bonds).	  C18:3	  n-‐3	  can	  be	  found	  in	  vegetable	  oil	  and	  nuts,	  while	  marine	  organisms	  

are	  considered	  the	  main	  source	  of	  HUFA	  (Tacon,	  1987)	  

The	  main	  omega-‐3	  fatty	  acids	  in	  fish	  are	  eicosapentaenoic	  acid	  C20:5	  n-‐3	  (EPA)	  and	  

docosahexaenoic	  acid	  C22:6	  n-‐3	  (DHA).	  Fatty	  fish	  like	  salmon,	  has	  a	  high	  relative	  oil	  

content	  and	  is	  therefore	  rich	  in	  EPA	  and	  DHA	  (Halver,	  2002).	  

	  

	  
Figure	  2.4:	  Fatty	  acid	  composition	  of	  commercially	  available	  fats	  and	  oils.	  Table	  adapted	  

from	  Fish	  nutrition:	  Halver,	  2002.	  
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2.4	  Protein	  

Proteins	  are	  large	  molecules,	  with	  complex	  three-‐dimensional	  structures.	  They	  are	  made	  

up	  by	  20	  different	  amino	  acids	  and	  are	  bound	  together	  by	  peptide	  bonds.	  	  	  

Protein	  is	  the	  major	  organic	  material	  in	  fish	  tissue,	  constituting	  between	  65	  and	  75	  %	  on	  

a	  dry	  weight	  basis	  (Halver,	  2002).	  	  

Consuming	  proteins	  is	  essential	  for	  the	  salmon	  to	  obtain	  essential	  amino	  acids.	  10	  amino	  

acids	  are	  regarded	  as	  indispensable	  or	  essential	  for	  fish.	  This	  means	  that	  they	  cannot	  be	  

synthesized	  in	  the	  body	  and	  have	  to	  be	  provided	  through	  the	  diet.	  These	  are;	  threonine,	  

tryptophan,	  histidine,	  arginine,	  lysine,	  leucine,	  isoleucine,	  methionine,	  valine	  and	  

phenylalaline	  (Tacon,	  1987).	  Digestion	  of	  protein	  releases	  free	  amino	  acids	  that	  can	  be	  

used	  to	  synthesize	  new	  protein	  by	  different	  tissues	  in	  the	  fish	  body.	  Amino	  acids	  are	  

constantly	  used	  by	  the	  salmon,	  to	  either	  replace	  existing	  muscle	  fibres,	  or	  to	  build	  new	  

ones,	  and	  a	  regular	  intake	  of	  protein	  is	  therefore	  necessary	  (Halver,	  2002).	  

Insufficient	  intake	  of	  protein	  leads	  to	  reduction	  in	  growth,	  and	  can	  also	  result	  in	  weight	  

loss	  due	  to	  a	  relocation	  of	  protein	  from	  less	  vital	  to	  vital	  tissues	  in	  the	  fish	  body.	  	  

In	  case	  of	  excessive	  intake	  of	  protein,	  only	  some	  of	  it	  will	  be	  used	  to	  synthesize	  new	  

protein	  as	  most	  of	  it	  will	  be	  utilized	  as	  energy	  (Halver,	  2002).	  	  

	  
	  

Figure	  2.5:	  Main	  pathways	  of	  protein	  metabolism	  (Halver,	  2002)	  
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6.3
Protein and Amino Acid Metabolism

6.3.1. Protein Deposition

Body protein is in a continuous process of synthesis and degradation
(catabolism). This is a fundamental fact in understanding how to quan-
tify the processes of intake, digestion, circulation, synthesis, and hydrolysis,
where protein/amino acids are in a state of turnover (Fig. 6.11). As this
process seems energetically wasteful in the short run to a naı̈ve observer, in
the long term, multiple renewal and repair are required for the longevity
of protein structures in living organisms. The process of turnover of amino
acids, sequentially cycling through protein via synthesis degradation, is ex-
tremely specific at different tissue levels, but overall, fish catabolize 40–50%
of body proteins to be returned to the pool of precursors and reused for syn-
thesis (Cowey and Luquet, 1983). Based on leucine metabolism in rainbow

FIG. 6.11

Main pathways of protein and amino acid metabolism.
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2.4.1	  Arginine	  

Arginine	  is	  classified	  as	  an	  essential	  amino	  acid	  for	  birds,	  carnivores	  and	  young	  

mammals.	  Organisms	  with	  a	  normal	  urea	  cycle	  produces	  arginine,	  and	  the	  amino	  acid	  is	  

therefore	  only	  regarded	  as	  semi	  essential.	  Because	  fish	  has	  a	  limited	  urea	  cycle,	  it	  

synthesizes	  too	  little	  arginine,	  and	  arginine	  is	  therefore	  essential	  in	  fish	  nutrition	  

(Wilson,	  1989)	  

Arginine	  serves	  as	  a	  precursor	  for	  nitric	  oxide,	  polyamines,	  proline,	  creatine,	  ornithine	  

and	  agmatine.	  These	  compound	  plays	  important	  roles	  in	  signalling,	  growth	  regulation	  

and	  cell	  proliferation	  (Wu	  and	  Morris,	  1998).	  

Arginine	  can	  also	  stimulate	  the	  release	  of	  hormones,	  such	  as	  insulin	  and	  growth	  

hormone	  (Mommsen,	  2001)	  

	  

-‐ 	  

	  
	  

Figure	  2.6:	  Showing	  the	  chemical	  structure	  of	  arginine.	  	  

	  

2.4.2	  Glutamate	  

Glutamate	  is	  regarded	  as	  a	  non-‐	  essential	  amino	  acid	  in	  fish	  nutrition,	  which	  mean	  that	  

the	  body	  can	  synthesize	  sufficient	  amounts.	  	  

It	  plays	  an	  important	  role	  in	  the	  synthesis	  of	  protein	  and	  several	  pathways	  of	  the	  

metabolism	  (Neu	  et	  al,	  1996)	  Glutamate	  is	  also	  the	  precursor	  of	  other	  amino	  acids	  

including	  proline,	  arginine,	  aspartate,	  ornithine	  and	  alanine.	  Proline	  can	  be	  of	  

importance	  for	  muscle	  texture,	  since	  it	  plays	  an	  important	  part	  of	  synthesis	  of	  collagen	  

and	  connective	  tissue	  (Tapiero	  et	  al,	  2002).	  
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Figure2.7:	  Showing	  the	  chemical	  structure	  of	  glutamate.	  

	  

2.5	  Muscle	  pH	  

Under	  the	  anaerobic	  conditions	  in	  the	  fish	  muscle	  after	  slaughter,	  glycogen	  is	  converted	  

to	  lactate.	  The	  level	  of	  muscle	  glycogen	  before	  slaughter	  is	  therefore	  of	  importance	  for	  

the	  pH	  level	  in	  the	  muscle	  post	  rigor	  (Black	  and	  Love,	  1988)	  

The	  pH	  of	  the	  muscle	  post-‐mortem	  can	  affect	  the	  texture,	  gaping	  and	  water	  holding	  

capacity	  of	  fresh	  fillet	  (Love,	  1988)	  

Low	  pH	  has	  resulted	  in	  higher	  frequency	  of	  gaping	  in	  Atlantic	  salmon	  (Lavety	  et	  al,	  

1988)	  

	  

2.6	  Liquid	  loss	  

Liquid	  loss	  describes	  the	  amount	  of	  water	  released	  from	  the	  muscle	  (Mørkøre,	  2002).	  	  

In	  fresh	  fish	  tissue,	  the	  water	  is	  tightly	  bound	  to	  the	  proteins,	  and	  will	  stay	  in	  the	  muscle	  

structure	  even	  under	  high	  pressure.	  After	  a	  period	  of	  storage,	  the	  proteins	  gradually	  

loose	  its	  ability	  to	  retain	  all	  the	  water	  and	  it	  will	  be	  lost	  from	  the	  fish	  muscle	  as	  drip,	  

negatively	  affecting	  the	  flesh	  quality	  (Murray	  and	  Burt,	  2001).	  	  

Liquid	  loss	  causes	  weight	  reduction	  and	  is	  therefore	  of	  economic	  importance.	  Exudates	  

can	  also	  make	  the	  product	  less	  appealing	  to	  the	  consumer.	  The	  water	  holding	  capacity	  is	  

decreasing	  when	  the	  pH	  is	  approaching	  the	  isoelectric	  point.	  This	  often	  occurs	  during	  

rigor	  mortis.	  When	  the	  rigor	  stage	  is	  over,	  the	  pH	  will	  slightly	  increase	  and	  the	  water	  

holding	  capacity	  will	  improve.	  (Lynnum,	  2005)	  

	  

2.7	  Gaping	  

In	  fresh	  fish,	  the	  muscle	  blocks	  are	  firmly	  attached	  to	  the	  connective	  tissue.	  

According	  to	  Love	  (1970)	  gaping	  is	  a	  post-‐mortem	  phenonomen,	  caused	  by	  rupture	  of	  

the	  connective	  tissue	  in	  the	  fillet,	  leading	  to	  flaking	  of	  the	  fillet.	  
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Generally	  gaping	  occurs	  together	  with	  tissue	  softening	  (Bremner,	  1992),	  although	  

studies	  have	  shown	  that	  it	  may	  occur	  even	  when	  the	  flesh	  is	  firm	  (Mørkøre	  &	  Rørvik,	  

2001).	  Gaping	  can	  lead	  to	  economic	  losses	  as	  the	  fillets	  gets	  a	  less	  attractive	  appearance	  

and	  cannot	  be	  mechanically	  skinned	  or	  sliced	  (Johnston,	  1999).	  	  

	  

2.8	  Texture	  

Texture	  is	  an	  important	  quality	  parameter	  in	  farmed	  salmon,	  due	  to	  the	  consumer’s	  low	  

accept	  for	  soft	  fish	  flesh	  (Ando,	  1999).	  Soft	  fish	  flesh	  can	  also	  cause	  problems	  during	  

processing,	  not	  being	  able	  to	  be	  sliced	  and	  skinned	  mechanically	  (Michie	  2001).	  This	  

leads	  to	  significant	  economic	  losses	  for	  the	  fish	  industry,	  and	  it	  is	  therefore	  important	  to	  

know	  the	  factors	  that	  affect	  the	  texture.	  	  

Growth	  pattern	  is	  one	  of	  the	  factors	  known	  to	  affect	  flesh	  texture.	  	  Studies	  have	  shown	  

that	  rapid	  growth	  in	  the	  period	  before	  slaughter	  can	  cause	  soft	  fillet	  texture	  (Mørkøre	  et	  

al,	  2001).	  This	  is	  especially	  valid	  for	  salmon	  that	  has	  had	  a	  low	  growth	  rate,	  before	  the	  

rapid	  growth	  period	  (Folkestad,	  2008).	  	  	  

Contrary	  to	  most	  animals,	  fish	  grow	  both	  by	  increasing	  existing	  muscle	  fibres	  

(hypertrophy)	  and	  by	  addition	  of	  new	  muscle	  fibres	  (hyperplasia)	  (Kiessling,	  2006).	  

Some	  studies	  indicate	  that	  salmon	  with	  small	  muscle	  fibres	  have	  a	  firmer	  flesh	  and	  less	  

gaping	  than	  salmon	  with	  larger	  muscle	  fibres	  (Johnston	  et	  al,	  2000).	  Amount	  of	  

connective	  tissue	  can	  also	  affect	  the	  texture.	  Fillets	  with	  high	  content	  of	  connective	  

tissue	  generally	  have	  a	  firmer	  texture	  than	  fillets	  with	  low	  content	  (Kiessling,	  2006).	  

High	  fat	  levels	  (>	  18%)	  in	  the	  flesh	  may	  have	  unfavourable	  effects	  on	  texture	  and	  

processing	  characteristics	  (Gjedrem,	  1997).	  

It	  is	  important	  to	  consider	  the	  timing	  of	  the	  texture	  measurements,	  as	  the	  texture	  varies	  

between	  pre-‐rigor,	  rigor	  and	  post-‐rigor	  states.	  (Børresen,	  2008).	  	  

	  

2.9	  Seasonal	  variations	  in	  flesh	  quality	  

The	  physiology	  and	  metabolism	  of	  salmon	  farmed	  during	  the	  seawater	  phase	  is	  affected	  

by	  the	  changes	  in	  environmental	  conditions	  throughout	  the	  seasons	  (Oheme,	  2010).	  

Temperature	  and	  photoperiod	  are	  parameters	  that	  vary	  greatly	  and	  are	  known	  to	  affect	  

growth,	  feed	  conversion	  and	  quality	  of	  farmed	  fish.	  
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When	  sexual	  maturation	  occurs	  protein	  and	  lipids	  from	  the	  fish	  muscle	  are	  moved	  to	  the	  

gonads.	  The	  fillet	  quality	  decreases	  because	  of	  a	  loss	  of	  protein	  and	  lipid,	  replaced	  by	  

increasing	  water	  content	  (Aksnes	  et	  al,1986).	  

	  

2.10	  Dietary	  effect	  on	  muscle	  composition	  

The	  fatty	  acid	  composition	  of	  fish	  flesh	  usually	  reflects	  the	  fatty	  acid	  composition	  of	  the	  

diet,	  therefore	  the	  fatty	  acid	  profile	  of	  the	  fish	  flesh	  can	  be	  altered	  by	  changing	  the	  feed	  

oil	  composition	  (Bell,	  1998).	  Intake	  of	  all	  dietary	  energy	  over	  the	  maintenance	  

requirements	  will	  result	  in	  lipid	  storage	  (Shearer,	  1994).	  This	  means	  that	  both	  the	  level	  

of	  energy	  in	  the	  diet	  and	  ration	  can	  affect	  the	  level	  of	  fat	  in	  the	  fish	  flesh.	  	  

Lipid	  and	  water	  content	  are	  inversely	  related	  in	  fatty	  fish	  like	  salmon	  (Shearer,	  1994).	  

Meaning	  that	  if	  the	  fat	  content	  increases	  the	  water	  content	  decreases	  and	  vice	  versa.	  

	  

Protein	  levels	  in	  fish	  are	  regulated	  by	  endogenous	  factors	  like	  fish	  size	  and	  life	  cycle	  

stage	  (Shearer,	  1994).	  Dietary	  levels	  of	  protein	  will	  therefore	  not	  influence	  the	  protein	  

level	  in	  the	  fish	  to	  a	  large	  extent.	  When	  the	  protein	  intake	  exceeds	  the	  ability	  of	  the	  fish	  

to	  synthesize	  additional	  protein	  it	  will	  be	  deaminated	  and	  stored	  as	  fat.	  	  	  

According	  to	  Smith	  et	  al	  (1988)	  who	  fed	  diets	  containing	  plant	  or	  animal	  protein	  to	  

rainbow	  trout,	  the	  source	  of	  protein	  has	  little	  effect	  on	  the	  protein	  content	  of	  the	  fish.	  

The	  amino	  acid	  profile	  of	  the	  fish	  flesh	  neither	  seems	  to	  be	  affected	  by	  the	  diet	  

formulation,	  although	  the	  free	  amino	  acid	  pool	  can	  be	  influenced	  (Schwarz	  and	  

Kirchgessner,	  1988).	  
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3.	  MATERIALS	  AND	  METHOD	  	  
	  

3.1	  Experimental	  setup	  	  

The	  study	  was	  performed	  in	  2011	  at	  Nofima’s	  research	  station	  on	  Averøy,	  Norway.	  

In	  July	  the	  year	  before,	  15	  800	  Atlantic	  salmon	  (Salmo	  salar	  L.)	  were	  put	  to	  sea	  (1+),	  

with	  an	  average	  weight	  of	  62	  g.	  The	  fish	  originally	  came	  from	  “Urke	  fiskeoppdrett”	  and	  

had	  been	  PD	  vaccinated.	  At	  start	  up	  of	  the	  experiment	  in	  May	  2011,	  1950	  fish	  weighing	  

approximately	  1	  kg	  were	  distributed	  evenly	  in	  3	  (7x7x7	  m)	  net	  pens.	  The	  weight	  and	  

length	  were	  recorded	  and	  pit	  tags	  were	  inserted	  to	  be	  able	  to	  follow	  each	  individual’s	  

performance.	  30	  fish	  were	  also	  taken	  out	  for	  analysis.	  	  

From	  May	  to	  August	  the	  fish	  were	  fed	  3	  different	  pre	  –	  diets;	  high	  fat,	  low	  fat	  and	  low	  fat	  

in	  half	  ration.	  In	  August	  the	  fish	  were	  evenly	  redistributed	  in	  12	  (5x5x5	  m)	  net	  pens,	  and	  

fed	  3	  different	  main	  diets;	  70%	  marine	  oil,	  70%	  rapeseed	  oil	  and	  70%	  rapeseed	  oil	  

coated	  with	  extra	  protein,	  until	  the	  end	  of	  the	  experiment	  in	  December.	  	  

	  

	  
	  

Figure	  3.1:	  Overview	  of	  the	  project,	  showing	  the	  experimental	  setup.	  
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The	  net	  pens	  in	  the	  last	  part	  of	  the	  experiment	  (August	  –	  December)	  had	  different	  

number	  of	  fish,	  due	  to	  sampling	  from	  only	  the	  6	  first	  net	  pens	  in	  October.	  	  

Net	  pen	  1-‐6	  had	  150	  fish	  in	  each,	  50	  from	  each	  pre-‐diet,	  while	  net	  pen	  7-‐12	  had	  120	  fish	  

in	  each,	  40	  from	  each	  pre-‐diet.	  The	  fish	  were	  also	  marked	  with	  different	  coloured	  floy	  

tags	  on	  the	  back	  fin,	  so	  that	  one	  could	  easily	  see	  which	  pre-‐diet	  group	  they	  belonged	  to	  

in	  the	  mixed	  net	  pens.	  	  

	  
	  

Figure	  3.2:	  Overview	  of	  the	  net	  pens,	  where	  1-‐12	  is	  the	  number	  of	  the	  net	  pen	  and	  T4-‐

T6	  represents	  the	  different	  diets.	  	  	  
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3.2	  Diets	  and	  feeding	  

The	  fish	  were	  fed	  3	  -‐	  4	  times	  a	  day	  to	  satiation	  during	  the	  whole	  experimental	  period,	  

except	  the	  group	  fed	  50	  %	  ration	  and	  in	  periods	  of	  starvation	  prior	  to	  handling.	  

Excess	  feed	  were	  collected	  on	  the	  bottom	  of	  the	  net	  pens,	  to	  get	  an	  accurate	  feed	  intake	  

(method	  described	  by	  Einen	  et	  al	  1999).	  	  

	  

3.2.1	  Pre-diets	  (May	  -	  August)	  

This	  part	  of	  the	  experiment	  was	  performed	  to	  create	  fish	  groups	  with	  different	  fat	  levels	  

entering	  autumn,	  reflecting	  fish	  farmed	  at	  different	  degrees	  of	  longitude	  in	  Norway.	  

The	  diets	  consisted	  of:	  

Low	  fat100	  (LF100)	  T1	  -‐	  a	  commercial	  cod	  feed	  with	  a	  fat	  level	  of	  18%,	  coated	  with	  

astaxanthin.	  Given	  in	  100%	  ration.	  

Low	  fat50	  (LF50)	  T2-‐	  a	  commercial	  cod	  feed	  with	  a	  fat	  level	  of	  18%,	  coated	  with	  

astaxanthin.	  This	  group	  were	  given	  ½	  ration	  of	  what	  the	  group	  on	  diet	  T1	  ate	  the	  day	  

before	  and	  only	  fed	  2	  times	  a	  day	  to	  ensure	  even	  distribution	  of	  the	  fed	  in	  the	  net	  pen.	  

High	  fat	  (HF100)	  T3	  -‐	  a	  commercial	  salmon	  feed	  with	  a	  fat	  level	  of	  36%.	  

Diet	  T1	  was	  given	  to	  create	  a	  group	  with	  low	  fat	  level,	  diet	  T2	  low	  fat	  level	  and	  a	  high	  

potential	  for	  growth	  and	  diet	  T3	  high	  fat	  level.	  

Amount	  of	  marine	  oils	  were	  equal	  in	  the	  salmon	  and	  the	  cod	  feed.	  	  

	  

3.2.2	  Main	  diets	  (August	  -	  December)	  

In	  this	  period	  the	  fish	  were	  given	  3	  diets	  with	  different	  oil	  source	  and	  protein	  level.	  	  

The	  diets	  consisted	  of:	  

Rapeseed70	  (Rape70)	  T6	  –	  control	  diet,	  a	  standard	  commercial	  salmon	  feed	  with	  35%	  

protein	  and	  35%	  fat.	  Rapeseed	  oil	  constituting	  70%	  of	  the	  fat.	  	  	  

High	  protein	  (HiPro)	  T5	  –	  similar	  fat	  content	  and	  oil	  source	  as	  the	  control	  diet.	  Thus,	  

added	  gelatine	  (coated	  on)	  to	  raise	  the	  protein	  level.	  

Marine70	  (Mar70)	  T4	  	  –	  similar	  protein/	  fat	  ratio	  as	  the	  control	  diet,	  but	  with	  70%	  

marine	  oils.	  

	  

From	  1	  of	  November	  to	  the	  termination	  of	  the	  experiment	  the	  group	  that	  had	  been	  given	  

the	  diet	  with	  70%	  marine	  oils,	  were	  switched	  to	  the	  control	  diet	  with	  70%	  rapeseed	  oil.	  	  
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3.2.3	  Chemical	  analysis	  of	  the	  diets	  

The	  pre-‐diets	  were	  analysed	  for	  macronutrients	  only,	  while	  the	  main	  diets	  were	  

analysed	  for	  amino	  acid	  and	  fatty	  acid	  profile	  as	  well.	  Amino	  acid	  content	  of	  the	  coating	  

for	  the	  high	  protein	  diet	  (T5)	  is	  based	  on	  information	  from	  the	  producer.	  	  

	  

	  

Macronutrients	  in	  the	  pre-diets	  

	  

Low	  fat100	  (T1)	  

&	  

Low	  fat50	  (T2)	  

	  

High	  fat	  (T3)	  

Crude	  protein	  Kjeldahl	  N*6,25	  (%)	   49.9	   33.5	  

Ash	  (%)	   7.2	   4.6	  

Lipid	  (%)	   17.5	   34.1	  

Starch	  (%)	   6.2	   9.3	  

Total	  dry	  matter	  (%)	   91.7	   93.4	  

Free	  astaxanthin	  (mg/kg)	   <1	   46	  

	  

Table	  3.1:	  The	  macronutrients	  in	  the	  pre-‐diets.	  The	  feed	  was	  analysed	  by	  Nofima	  

BioLab	  in	  Bergen.	  Vitamins	  and	  minerals	  were	  not	  analysed,	  but	  included	  in	  the	  total	  dry	  

matter.	  	  	  Analysis	  was	  done	  prior	  to	  astaxanthin	  coating	  of	  diet	  T1	  and	  T2.	  

	  

Macronutrients	  in	  the	  main	  diets	   Marine70	  	  

(T4)	  

High	  protein	  

(T5)	  

Rapeseed70	  

(T6)	  

Crude	  protein	  Kjeldahl	  N*6,25	  (%)	   41.7	   41.4	   41.8	  

Ash	  (%)	   4.9	   4.9	   4.9	  

Lipid	  (%)	   31	   32.3	   31.1	  

Starch	  (%)	   6.8	   6.5	   6.4	  

Total	  dry	  matter	  (%)	   93,8	   94,3	   94	  

Water	  (%)	   6.2	   5.7	   6	  

Free	  astaxanthin	  (mg/kg)	   52	   48	   51	  

	  

Table	  3.2:	  The	  macronutrients	  in	  the	  main	  diets.	  The	  feed	  were	  analysed	  by	  Nofima	  

BioLab	  in	  Bergen.	  Vitamins	  and	  minerals	  were	  not	  analysed,	  but	  included	  in	  the	  total	  dry	  

matter.	  The	  analysis	  was	  performed	  prior	  to	  coating	  of	  the	  high	  protein	  diet.	  	  
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Amino	  acids	  in	  main	  diet	  (%)	  

Essential	   Non	  essential	  

Histidine	   0.91	   Alanine	   1.69	  

Leucine	   2.87	   Aspartic	  acid	   3.39	  

Isoleucine	   1.71	   Cysteine	   0.55	  

Lysine	   2.42	   Glutamic	  acid	   8.88	  

Methionine	   0.86	   Glycine	   1.73	  

Phenylalaline	   1.86	   Hydroxylysine	   0.06	  

Threonine	   1.35	   Proline	   2.46	  

Tryptophan	   0.30	   Serine	   1.85	  

Arginine	   2.36	   Tyrosine	   1.15	  

Valine	   1.83	   Hydroxyproline	   0.0	  

	  

Table	  3.3:	  The	  amino	  acid	  content	  (%)	  of	  the	  main	  diets.	  The	  analysis	  was	  done	  prior	  to	  

coating	  of	  the	  high	  protein	  (T5)	  diet,	  and	  was	  the	  same	  for	  all	  the	  3	  diets.	  	  

	  

Amino	  acids	  in	  coating	  (g/100	  g	  protein)	  

Essential	   Non	  essential	  

Histidine	   1.1	   Alanine	   9.7	  

Leucine	   2.5	   Aspartic	  acid	   5.9	  

Isoleucine	   1.1	   Cysteine	   0	  

Lysine	   3.8	   Glutamic	  acid	   12.0	  

Methionine	   0.9	   Glycine	   19.6	  

Phenylalaline	   1.7	   Hydroxylysine	   0.5	  

Threonine	   2.6	   Proline	   13.2	  

Tryptophan	   0	   Serine	   3.2	  

Arginine	   10.0	   Tyrosine	   0.2	  

Valine	   2.0	   Hydroxyproline	   9.0	  

	  

Table	  3.4:	  The	  amino	  acid	  content	  (%)	  of	  the	  coating	  applied	  on	  the	  high	  protein	  diet	  

(T5).	  	  
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Fat	  level	  and	  fatty	  acid	  profile	  of	  the	  main	  diets	  

	  
Main	  diets	  	   Rapeseed70	  /	  High	  protein	   Marine70	  

	   	   	  
Fat	  level	  (%)	   31.7	   32.4	  

	   	   	  
Fatty	  acids	  (%)	   	   	  

C	  14:0	   2.4	   4.9	  
C	  15:0	   0.3	   0.3	  
C	  16:0	   8.5	   12.7	  
C	  17:0	   0.4	   0.9	  
C	  18:0	   2.7	   3.3	  
C	  22:0	   0.9	   0.8	  
	   	   	  
C	  14:1	  n-‐5	   0.2	   0.2	  
C	  15:1	   0.2	   0.4	  
C	  16:1	  n-‐5	   0.2	   0.1	  
C	  16:1	  n-‐7	   2.9	   6.0	  
C	  16:1	  n-‐9	   0.2	   0.4	  
C	  17:1	  n-‐7	   0.2	   0.2	  
C	  18:1	  n-‐7	   0.2	   0.1	  
C	  18:1	  n-‐9	   41.7	   26.6	  
C	  20:1	  n-‐7	   0.0	   0.2	  
C	  20:1	  n-‐9	   1.5	   1.4	  
C	  20:1	  n-‐11	   0.8	   0.5	  
C	  22:1	  n-‐9	   0.5	   0.3	  
C	  22:1	  n-‐11	   0.9	   1.4	  
C	  24:1	  n-‐9	   0.3	   0.3	  
	   	   	  
C	  16:2	  n-‐3	   0.1	   0.1	  
C	  16:3	  n-‐4	   0.5	   1.0	  
C	  18:2	  n-‐6	   13.8	   8.1	  
C	  18:3	  n-‐3	   6.4	   3.4	  
C	  18:3	  n-‐6	   0.1	   0.3	  
C	  18:4	  n-‐3	   0.2	   0.2	  
C	  20:2	  n-‐6	   0.2	   0.1	  
C	  20:3	  n-‐6	   0.0	   0.2	  
C	  20:4	  n-‐3	   0.0	   1.8	  
C	  20:4	  n-‐6	   0.4	   0.8	  
C	  20:5	  n-‐3	   4.6	   10.2	  
C	  22:5	  n-‐3	   0.6	   1.3	  
C	  22:6	  n-‐3	   3.4	   7.3	  
	   	   	  
Total	  EPA/DHA	   8.0	   17.5	  
Total	  n-0	   15.1	   22.8	  
Total	  n-3	   15.3	   24.4	  
Total	  n-6	   14.5	   9.4	  
	  

Table	  3.5:	  The	  fat	  level	  (%)	  and	  fatty	  acid	  profile	  of	  the	  main	  diets	  (T4	  –	  T6).	  	  

	  

3.3	  Sampling	  	  

Samples	  of	  the	  fish	  were	  taken	  4	  times	  during	  the	  experiment.	  At	  starting	  point	  in	  May,	  

entering	  autumn	  in	  August,	  during	  autumn	  in	  October	  and	  at	  termination	  in	  December.	  	  
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Procedure	  

The	  fish	  were	  taken	  up	  from	  the	  net	  pen	  in	  batches,	  and	  then	  anesthetized	  in	  seawater	  

with	  metacaine	  (MS	  222	  0.1	  g/L,	  Alpharma,	  Animal	  Health	  Ltd,	  Hampshire,	  UK).	  Weight	  

and	  length	  were	  measured,	  before	  the	  fish	  were	  returned	  to	  the	  net	  pen	  or	  taken	  out	  for	  

analysis.	  

Fish	  that	  had	  lost	  weight	  from	  one	  sampling	  to	  the	  next	  were	  removed	  from	  the	  

experiment,	  as	  well	  as	  sexually	  mature	  fish	  and	  fish	  that	  did	  not	  recover	  from	  the	  

anaesthetization.	  

	  

The	  fish	  taken	  out	  for	  analysis	  were	  killed	  by	  a	  strike	  to	  the	  head,	  cut	  through	  the	  gills	  

and	  bled	  in	  a	  tank	  of	  seawater	  for	  20	  minutes.	  	  

After	  exsanguination	  the	  weight	  was	  recorded.	  The	  fish	  where	  then	  gutted	  and	  weight	  

was	  recorded	  again.	  This	  was	  followed	  by	  manual	  filleting	  and	  recording	  of	  filet	  weight.	  	  	  

On	  the	  right	  filet	  of	  5	  fish	  from	  each	  pre-‐diet	  the	  pH	  and	  temperature	  was	  measured	  

using	  a	  pH	  meter	  (Wissenchaftlich-‐Techniche	  Werkstatten	  GmbH	  WTW,	  Weilheim,	  

Germany)	  with	  an	  electrode	  (BlueLine	  21,	  Schott	  Instruments	  Electrode,	  SI	  Analytics	  

GmbH,	  Mainz,	  Germany)	  and	  a	  temperature	  compensator	  (TFK	  325,	  WTW).	  

The	  NQC	  (Norwegian	  quality	  cut)	  area	  from	  all	  the	  right	  filets	  were	  packed	  and	  frozen	  

for	  subsequent	  analysis.	  The	  left	  filets	  were	  packed	  whole	  after	  recording	  of	  gaping.	  	  

	  

Table	  3.6	  :	  Overview	  of	  the	  sampling	  dates,	  witch	  net	  pens	  were	  sampled,	  number	  of	  

individuals	  weighed	  and	  measured	  and	  number	  of	  individuals	  taken	  out	  for	  further	  

analysis.	  	  

	  

	  

Sampling	  

	  

	  

May	  

	  

August	  

	  

October	  

	  

December	  

Dates	   10	  –	  13	   9	  -‐	  11	   18	  -‐	  19	   6	  -‐	  9	  

Net	  pens	  sampled	   1-‐3	   1-‐3	   1-‐6	   1-‐12	  

Individuals	  recorded	   1950	   1620	   900	   1620	  	  

Individuals	  for	  analysis	   30	   60	   180	   360	  
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3.4	  Seawater	  temperature	  

The	   temperature	   was	   registered	   at	   3	   meters	   depth,	   every	   day	   through	   the	   whole	  

experimental	  period.	  In	  the	  period	  May	  –	  August	  the	  average	  temperature	  was	  10.7	  °C,	  

while	   in	  August	  –	  December	   it	  was	  10.9	  °C.	  The	  coldest	  month	  was	  December	  with	  an	  

average	  temperature	  of	  6.9	  °C	  and	  September	  was	  the	  warmest	  month	  with	  an	  average	  

temperature	  of	  14.1	  °C.	  

	  

	  

	  

Figure	  3.3:	  Seawater	  temperature	  from	  May	  –	  December	  measured	  in	  °C.	  	  
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3.5	  Analysis	  	  

	  
	  

Picture	  3.1:	  A	  left	  fillet	  side	  from	  the	  sampling	  in	  December.	  Illustrates	  which	  part	  of	  

the	  fillet	  that	  was	  utilized	  in	  the	  different	  analysis:	  

1	  –	  Liquid	  loss	  

2	  –	  Texture	  

3	  –	  pH	  	   	  

4	  –	  Fat	  %	  and	  fatty	  acid	  composition	  (chemical	  analysis)	  

	  

3.5.1	  Texture	  

The	  texture	  was	  measured	  6	  days	  after	  slaughter,	  using	  a	  Texture	  Analyser	  TA-‐XT2	  

(Stable	  Micro	  System	  Ltd.,	  Surrey,	  UK).	  It	  was	  equipped	  with	  a	  5	  kg	  load	  cell	  and	  a	  flat-‐

ended	  cylinder	  of	  12.5	  mm	  diameter,	  type	  P/0.5.	  The	  travelling	  speed	  was	  1mm	  s	  −1,	  and	  

the	  trigger	  force	  was	  0.2	  N.	  	  A	  25	  mm	  thick	  cutlet,	  from	  the	  anterior	  part	  of	  the	  fillet	  was	  

utilized	  for	  this	  analysis,	  and	  the	  probe	  were	  pressed	  down	  to	  90%	  of	  the	  cutlet	  height	  

(22.5	  mm).	  	  

	  

3.5.2	  Gaping	  

Gaping	  was	  recorded	  on	  the	  left	  fillet-‐side	  directly	  after	  slaughtering	  at	  Averøy.	  No	  scale	  

was	  used,	  but	  it	  was	  noted	  whether	  the	  fillet	  had	  gaping	  or	  not.	  

Degree	  of	  gaping	  was	  measured	  in	  the	  laboratory	  in	  Ås	  6	  days	  after	  slaughtering.	  Up	  to	  

then	  the	  fillets	  had	  then	  been	  stored	  at	  -‐20	  °C.	  	  	  
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The	  filets	  were	  scored	  on	  a	  scale	  ranging	  from	  0	  -‐	  5,	  were	  0	  is	  no	  gaping	  and	  5	  is	  extreme	  

gaping	  (Andersen	  et	  al	  1994).	  

	  

Gaping	  score	   Explanation	  

	  

0	   No	  gaping	  

1	   <	  5	  small	  gapings	  

2	   <	  10	  small	  gapings	  

3	   >	  10	  small	  and	  possibly	  some	  large	  gapings	  

4	   Many	  large	  gapings	  

5	   Extreme	  gaping	  

	  

Table	  3.7:	  The	  gaping	  scale	  utilized	  during	  analysis	  (Anderesen	  et	  al	  1994).	  Small	  

gapings	  <	  2	  cm,	  large	  gapings	  >	  2	  cm.	  	  

	  

3.5.3	  Liquid	  loss	  

The	  liquid	  loss	  analysis	  were	  performed	  6	  days	  after	  slaughter,	  and	  until	  then	  the	  

samples	  had	  been	  stored	  at	  -‐	  20°C.	  

An	  untrimmed	  muscle	  sample	  of	  approximately	  12	  g	  was	  placed	  on	  a	  thin-‐bedded	  

honeycomb	  multiple	  sheeted	  pad	  made	  from	  cellulose.	  A	  perforated	  nylon	  sheet	  was	  

placed	  between	  the	  muscle	  and	  the	  pad	  to	  avoid	  it	  sticking	  together.	  

The	  samples	  were	  stored	  at	  4	  °C	  for	  4	  days.	  To	  measure	  liquid	  leakage	  the	  muscle	  tissue	  

was	  removed	  and	  the	  pad	  was	  weighed.	  At	  the	  end	  the	  pad	  was	  dried,	  and	  the	  fat	  

leakage	  was	  calculated.	  	  

	  

Liquid	  leakage	  was	  calculated	  as	  

	  

100	  *	  (weight	  of	  the	  pad	  after	  4	  days	  of	  storage	  –	  initial	  weight	  of	  the	  pad)	  /	  initial	  

weight	  of	  muscle	  sample.	  

	  

Fat	  leakage	  was	  calculated	  as	  	  
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100	  *	  (weight	  of	  the	  pad	  after	  drying	  –	  initial	  weight	  of	  the	  pad)	  /	  initial	  weight	  of	  

muscle	  sample.	  

	  

3.5.4	  Analysis	  of	  fat	  %	  and	  fatty	  acid	  composition	  of	  the	  muscle	  

The	  analysis	  of	  the	  fat	  %	  and	  fatty	  acid	  composition	  of	  the	  muscle	  were	  performed	  by	  

the	  principles	  of	  lipid	  extraction	  described	  by	  Folch	  et	  al	  (1957).	  

	  

Preparation	  

During	  preparations	  the	  NQC	  (Norwegian	  quality	  cut)	  was	  cut	  in	  half	  and	  the	  skin	  was	  

removed.	  Only	  the	  upper	  part	  was	  utilized	  for	  the	  analysis.	  	  

Then,	  tissue	  samples	  from	  10	  fish,	  belonging	  to	  the	  same	  net	  pen	  and	  pre-‐	  diet	  group,	  

were	  grinded	  together	  to	  a	  homogenous	  mass.	  This	  was	  stored	  in	  plastic	  bags	  at	  –	  20	  °C	  

until	  the	  analyses	  were	  performed.	  	  

Approximately	  2.5	  grams	  of	  the	  sample	  was	  weighed	  out	  in	  an	  Erlenmeyer	  flask,	  then	  

added	  6	  ml	  of	  	  0.9%	  NaCl	  and	  50	  ml	  chloroform:methanol	  (2:1).	  This	  was	  homogenized	  

for	  60	  seconds	  with	  an	  Ultra	  Turrax	  homogenizator.	  Another	  6	  ml	  of	  0.9%	  NaCl	  was	  

added	  and	  the	  sample	  was	  homogenized	  again	  for	  5	  seconds.	  	  

The	  solution	  then	  separated	  into	  two	  phases.	  The	  upper	  phase	  containing	  water	  soluble	  

components	  with	  a	  chloroform:methanol:water	  ratio	  of	  86:14:1,	  and	  the	  lower	  phase	  

containing	  lipids	  with	  a	  chloroform:methanol:water	  ratio	  of	  3:48:47.	  	  

Next,	  the	  homogenate	  was	  filtered	  through	  a	  piece	  of	  cotton	  using	  a	  funnel	  and	  a	  graded	  

cylinder.	  The	  cylinder	  with	  the	  solution	  was	  then	  stored	  in	  a	  fume	  cupboard	  for	  further	  

separation.	  	  The	  upper	  water/methanol	  phase	  and	  protein	  were	  removed	  and	  the	  lower	  

chloroform	  phase	  was	  transferred	  to	  two	  new	  reservoirs	  using	  a	  pipette.	  One	  part	  in	  a	  

beaker	  for	  fat	  %	  calculation	  and	  one	  part	  in	  a	  test	  tube	  for	  analysis	  of	  fatty	  acid	  

composition.	  	  

	  

Calculation	  of	  fat%	  

The	  beaker	  with	  the	  sample	  was	  put	  on	  a	  heat	  plate	  in	  a	  fume	  cupboard	  until	  the	  next	  

day,	  for	  evaporation	  of	  remaining	  water	  phase.	  Then	  the	  sample	  was	  weighed	  before	  the	  

fat	  %	  was	  calculated	  as	  follows:	  

	  
	   	   	   %	  fat	  	  	  	  =	  	  	  	  	  (g	  fat	  *	  100)	  /	  ((I	  *	  U)/TV)	  
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g	  fat	  	  	   	   =	  evaporated	  sample	  in	  beaker	  
100	  	   	   =	  %	  
I	  	   	   =	  weight	  of	  the	  sample	  in	  g	  
U	  	   	   =	  Pipetted	  chloroform	  extract	  in	  ml	   	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
TV	   	   =	  Total	  volume	  of	  the	  solvent	  	  
	  

Fatty	  acid	  composition	  

The	  sample	  was	  first	  evaporated	  at	  60	  °C	  with	  nitrogen	  overflow.	  2	  ml	  of	  benzene,	  2	  ml	  

of	  metanolic	  HCl	  and	  0.2	  ml	  dimetoxypropane	  was	  then	  added	  and	  the	  sample	  was	  

methylated	  over	  night	  in	  room	  temperature.	  	  

Following,	  2	  ml	  of	  hexane	  was	  added	  as	  well	  as	  3	  ml	  6	  %	  NaHCO3	  for	  neutralization.	  

After	  mixing,	  the	  sample	  divided	  into	  two	  phases,	  and	  the	  upper	  phase	  was	  removed.	  	  

The	  remaining	  sample	  consisting	  of	  methylated	  lipids,	  hexane	  and	  benzene	  was	  again	  

evaporated	  at	  60	  °C	  with	  nitrogen	  overflow	  and	  dissolved	  in	  hexane.	  	  

Fatty	  acid	  composition	  of	  the	  sample	  was	  determined	  using	  a	  Hewlett	  Packard	  6890	  Gas	  

Chromatograph	  equipped	  with	  a	  split	  injector	  SGE	  capillary	  column	  60	  m	  *	  0.25	  mm	  

(length	  *	  diameter).	  Helium	  was	  the	  carrier	  gas	  and	  the	  temperature	  program	  was	  as	  

follows:	  

-‐	  Starting	  temperature	  of	  the	  column:	  50°C	  

-‐	  Temperature	  increased	  4°C/min	  up	  to	  170°C	  

-‐	  Temperature	  increased	  0.5°C/min	  up	  to	  200°C	  

-‐	  Temperature	  increased	  10°C/min	  up	  to	  300°C	  

HP	  GC	  ChemStation	  software	  (Agilent	  Technologies)	  was	  used	  to	  analyze	  the	  results	  and	  

concentrations	  of	  individual	  fatty	  acids	  were	  expressed	  as	  percentage	  of	  total	  fatty	  acids.	  

	  

	  

3.6	  Statistics 
Data	  from	  the	  trial	  were	  statistically	  analyzed	  by	  analysis	  of	  variance	  (ANOVA)	  using	  the	  

general	  linear	  model	  (GLM)	  statement	  of	  the	  Statistical	  Analysis	  System	  (Version 9.2; 

SAS Institute Inc., Cary, USA).	  	  

The	  level	  of	  significance	  was	  indicated	  at	  P	  ≤	  0.05	  and	  P	  ≤	  0.1	  was	  considered	  as	  a	  trend.	  	  
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4.	  RESULTS	  	  

	  

4.1	  Body	  weight	  	  

	  

In	  August,	  the	  group	  fed	  the	  LF50	  pre-‐diet	  had	  a	  significantly	  lower	  body	  weight	  than	  

the	  groups	  fed	  the	  HF100	  and	  LF100	  pre–diets	  	  (P<0.0001).	  

There	  where	  no	  significant	  differences	  in	  body	  weight	  among	  the	  groups	  fed	  the	  

different	  diets	  in	  October	  (P<0.0001).	  Numerically,	  the	  groups	  fed	  the	  LF50	  pre-‐diet	  still	  

had	  the	  lowest	  body	  weight.	  

In	  December	  the	  groups	  fed	  the	  LF100	  pre–diet	  followed	  by	  the	  HiPro	  or	  Mar70	  diet	  had	  

a	  significantly	  higher	  body	  weight	  compared	  to	  the	  group	  fed	  the	  LF50	  pre-‐diet	  followed	  

by	  the	  Mar70	  diet	  (P<0.0001).	  The	  groups	  fed	  the	  LF50	  pre–diet	  still	  had	  the	  lowest	  

body	  weight	  numerically.	  	  

	  

	  

a)	  
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b)	  

	  
	  

c)	  

	  
	  

Figure	  4.1	  a	  -	  c:	  The	  body	  weight	  (g)	  of	  Atlantic	  salmon	  fed	  pre-‐diets	  with	  high	  fat	  level,	  

low	  fat	  level	  or	  low	  fat	  level	  in	  half	  ration	  (May	  –	  Aug),	  and	  main	  diets	  with	  70%	  of	  the	  

fat	  from	  marine	  oil,	  70%	  of	  the	  fat	  from	  rapeseed	  oil	  or	  70%	  of	  the	  fat	  from	  rapeseed	  oil	  

added	  extra	  protein	  (Aug	  –	  Dec).	  The	  results	  are	  mean	  values	  of	  the	  different	  groups	  ±	  

SE	  and	  the	  letters	  indicates	  significant	  differences	  (P<0.05)	  between	  the	  groups	  within	  

the	  sampling	  periods.	  
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4.2	  Thermal	  growth	  coefficient	  (TGC)	  

	  

Pre-‐diets	  

In	  the	  period	  August	  to	  October	  the	  TGC	  differed	  significantly	  among	  all	  the	  pre–diet	  

groups	  (P<0.01).	  The	  group	  fed	  the	  LF50	  pre–diet	  had	  the	  highest	  TGC	  (4.34)	  and	  the	  

group	  fed	  the	  HF100	  pre-‐diet	  had	  the	  lowest	  TGC	  (2.94).	  

From	  October	  to	  December	  the	  group	  fed	  the	  LF50	  pre–diet	  had	  a	  significantly	  higher	  

TGC	  compared	  to	  the	  groups	  fed	  the	  HF100	  and	  LF100	  pre–diets	  (P<0.01).	  	  

	  

Main	  diets	  

In	  the	  period	  August	  to	  October	  the	  group	  fed	  the	  Mar70	  diet	  had	  a	  significantly	  higher	  

TGC	  compared	  to	  the	  group	  fed	  the	  HiPro	  diet	  (P=0.02).	  From	  October	  to	  December	  

there	  were	  no	  significant	  differences	  in	  TGC	  between	  the	  groups	  fed	  the	  different	  dietary	  

treatments	  (P=0.56).	  	  Numerically,	  the	  group	  fed	  the	  Rape70	  diet	  had	  the	  highest	  TGC	  

(2.49)	  and	  the	  group	  fed	  the	  Mar70	  had	  the	  lowest	  TGC	  (2.18).	  

	  

Thermal	  growth	  coefficient	  

Dietary	  treatment	   Period	  

	   	   August	  –	  October	   October	  -	  December	  

	   High	  fat	   2.94±0.02c	   2.12±0.12b	  

Pre	  -	  diet	   Low	  fat	  100	   3.38±0.07b	   2.18±0.11b	  

	   Low	  fat	  50	   4.34±0.05a	   2.77±0.17a	  

	   Marine70	   3.61±0.01a	   2.18±0.17	  

Main	  diet	   High	  protein	   3.42±0.04b	   2.39±0.28	  

	   Rapeseed70	   3.53±0.02ab	   2.49±0.22	  

	  

Table	  4.2:	  The	  thermal	  growth	  coefficient	  of	  the	  pre–diet	  groups	  and	  the	  main	  diet	  

groups	  in	  the	  periods	  August	  -‐	  October	  and	  October	  –	  December	  ±	  SE.	  Letters	  indicates	  

significant	  differences	  (P<0.05)	  within	  diet	  type	  (pre–diet/main	  diet)	  and	  period.	  	  
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4.3	  Condition	  factor	  

	  	  

In	  August	  the	  group	  fed	  the	  LF50	  pre–diet	  had	  a	  significantly	  lower	  condition	  factor	  

compared	  to	  the	  groups	  fed	  the	  HF100	  and	  the	  LF100	  pre–diets	  (P<0.0001).	  

No	  significant	  differences	  in	  condition	  factor	  were	  observed	  among	  the	  groups	  fed	  

different	  dietary	  combinations	  in	  October	  and	  December	  (P=0.0006)	  

In	  December	  the	  groups	  fed	  the	  LF50	  pre-‐diet	  had	  the	  highest	  condition	  factor	  

numerically.	  

	  

	  

	  

a)	  
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b)	  

	  
	  

c)	  

	  
	  

Figure	  4.3	  a-c:	  The	  condition	  factor	  (bodyweight/length3)	  of	  Atlantic	  salmon	  fed	  pre-‐

diets	  with	  high	  fat	  level,	  low	  fat	  level	  or	  low	  fat	  level	  in	  half	  ration	  (May	  –	  Aug),	  and	  main	  

diets	  with	  70%	  of	  the	  fat	  from	  marine	  oils,	  70%	  of	  the	  fat	  from	  rapeseed	  oil	  or	  70%	  of	  

the	  fat	  from	  rapeseed	  oil	  added	  extra	  protein	  (Aug	  –	  Dec).	  The	  results	  are	  mean	  values	  of	  

the	  different	  groups	  ±	  SE	  and	  the	  letters	  indicates	  significant	  differences	  (P<0.05)	  

between	  the	  groups	  within	  the	  sampling	  periods.	  
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4.4	  Slaughter	  yield	  

	  

In	  August	  there	  were	  significant	  differences	  in	  slaughter	  yield	  among	  all	  the	  pre–diet	  

groups	  (P<0.0001).	  The	  group	  fed	  the	  LF50	  pre–diet	  had	  the	  highest	  slaughter	  yield	  

(90.41±0.13)	  and	  the	  group	  fed	  the	  HF100	  pre–diet	  had	  the	  lowest	  slaughter	  yield	  

(87.86±0.35).	  

No	  significant	  differences	  were	  observed	  in	  slaughter	  yield	  among	  the	  groups	  fed	  

different	  dietary	  combinations	  in	  October	  (P=0.66).	  	  	  

In	  December	  the	  group	  fed	  the	  LF100	  pre–diet	  followed	  by	  the	  Rape70	  diet	  had	  a	  

significantly	  higher	  slaughter	  yield	  than	  the	  groups	  fed	  the	  LF100	  or	  LF50	  pre-‐diet	  

followed	  by	  the	  Mar70	  diet	  (P<0.0001).	  Numerically,	  the	  groups	  fed	  the	  LF50	  pre-‐diet	  

had	  the	  lowest	  slaughter	  yield.	  	  

	  

a)	  
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b)	  

	  
	  

c)	  

	  	  	  	   	  
	  

Figure	  4.4	  a-c:	  The	  slaughter	  yield	  (body	  weight	  –	  guts)	  in	  %	  of	  Atlantic	  salmon	  

fed	  pre-‐diets	  with	  high	  fat	  level,	  low	  fat	  level	  or	  low	  fat	  level	  in	  half	  ration	  (May	  –	  

Aug),	   and	  main	  diets	  with	  70%	  of	   the	   fat	   from	  marine	  oil,	   70%	  of	   the	   fat	   from	  

rapeseed	  oil	  or	  70%	  of	  the	  fat	  from	  rapeseed	  oil	  added	  extra	  protein	  (Aug	  –	  Dec).	  

The	  results	  are	  mean	  values	  of	  the	  different	  groups	  ±	  SE	  and	  the	  letters	  indicates	  

significant	  differences	  (P<0.05)	  between	  the	  groups	  within	  the	  sampling	  periods.	  
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4.5	  Fillet	  fat	  content	  	  

	  

The	  fillet	  fat	  content	  differed	  significantly	  among	  all	  the	  pre–diet	  groups	  in	  August	  	  

(P=0.0056).	  The	  group	  fed	  the	  HF100	  pre–diet	  had	  the	  highest	  fillet	  fat	  content	  

(15.47±0.57)	  and	  the	  group	  fed	  the	  LF50	  pre–diet	  had	  the	  lowest	  fillet	  fat	  content	  

(8.67±0.21).	  

In	  October	  the	  groups	  fed	  the	  HF100	  pre-‐diet	  still	  had	  the	  highest	  fillet	  fat	  content	  

numerically.	  The	  group	  fed	  the	  HF100	  pre-‐diet	  followed	  by	  the	  Mar70	  diet	  had	  

significantly	  higher	  fillet	  fat	  content	  than	  the	  groups	  fed	  the	  LF100	  and	  LF50	  pre-‐diet	  

followed	  by	  the	  HiPro	  diet	  (P=0.0011).	  	  

In	  December	  there	  were	  no	  significant	  differences	  among	  the	  groups	  fed	  the	  different	  

dietary	  combinations	  (P=0.3529).	  Numerically,	  the	  groups	  fed	  the	  HF100	  pre-‐diet	  had	  

the	  highest,	  and	  the	  groups	  fed	  the	  LF50	  pre-‐diet	  had	  the	  lowest	  fillet	  fat	  content.	  

	  

a)	  
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b)	  

	  

	  

c)	  

	  

	  

Figure	  4.5	  a-c:	  The	  fillet	  fat	  content	  in	  %	  of	  Atlantic	  salmon	  fed	  pre-‐diets	  with	  high	  fat	  

level,	  low	  fat	  level	  or	  low	  fat	  level	  in	  half	  ration	  (May	  –	  Aug),	  and	  main	  diets	  with	  70%	  of	  

the	  fat	  from	  marine	  oil,	  70%	  of	  the	  fat	  from	  rapeseed	  oil	  or	  70%	  of	  the	  fat	  from	  rapeseed	  

oil	  added	  extra	  protein	  (Aug	  –	  Dec).	  The	  results	  are	  mean	  values	  of	  the	  different	  groups	  

±	  SE	  and	  the	  letters	  indicates	  significant	  differences	  (P<0.05)	  between	  the	  groups	  within	  

the	  sampling	  periods.	  
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4.	  6	  EPA	  &	  DHA	  content	  

	  

The	  EPA	  &	  DHA	  content	  were	  significantly	  lower	  in	  the	  group	  fed	  the	  HF100	  pre-‐diet	  

compared	  to	  the	  groups	  fed	  the	  LF100	  and	  LF50	  pre–diets	  in	  the	  period	  May	  –	  August	  

(P=0.0001).	  

In	  October	  and	  December	  the	  EPA	  &	  DHA	  content	  were	  significantly	  higher	  in	  the	  groups	  

fed	  the	  LF100	  and	  LF50	  pre-‐diets	  followed	  by	  the	  Mar70	  diet,	  than	  in	  the	  groups	  fed	  

other	  dietary	  combinations	  (P<0.0001).	  The	  group	  fed	  the	  HF100	  pre–diet	  followed	  by	  

the	  HiPro	  or	  Rape70	  diet	  had	  a	  significantly	  lower	  EPA	  &	  DHA	  content,	  compared	  to	  the	  

groups	  fed	  other	  dietary	  combinations.	  	  
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b)	  

	  
	  

c)	  

	  
	  

Figure	  4.6	  a-c:	  The	  EPA	  &	  DHA	  content	  (%)	  in	  fillets	  of	  Atlantic	  salmon	  fed	  pre-‐diets	  

with	  high	  fat	  level,	  low	  fat	  level	  or	  low	  fat	  level	  in	  half	  ration	  (May	  –	  Aug),	  and	  main	  diets	  

with	  70%	  of	  the	  fat	  from	  marine	  oil,	  70%	  of	  the	  fat	  from	  rapeseed	  oil	  or	  70%	  of	  the	  fat	  

from	  rapeseed	  oil	  added	  extra	  protein	  (Aug	  –	  Dec).	  The	  results	  are	  shown	  as	  mean	  

values	  of	  the	  different	  groups.	  
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4.7	  pH	  

	  

In	  August	  the	  pH	  differed	  significantly	  among	  all	  the	  pre-‐diet	  groups	  (P<0.0001).	  The	  

group	  fed	  the	  LF50	  pre-‐diet	  had	  the	  highest	  pH	  score	  (6.32±0.008)	  and	  the	  group	  fed	  the	  

LF100	  pre-‐diet	  had	  the	  lowest	  pH	  score	  (6.17±0.009).	  

There	  were	  no	  significant	  differences	  in	  pH	  among	  the	  groups	  fed	  the	  different	  dietary	  

combinations	  in	  October	  (P	  =	  0.26).	  Numerically,	  the	  groups	  fed	  the	  LF50	  pre-‐diet	  had	  

the	  lowest	  pH	  score.	  	  

In	  December	  there	  were	  no	  significant	  differences	  in	  pH	  among	  the	  groups	  fed	  different	  

dietary	  combinations	  (P=0.06).	  
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b)	  

	  
	  

c)	  

	  
	  

Figure	  4.7	  a-c:	  The	  fillet	  pH	  level	  (6	  days	  after	  slaughtering)	  of	  Atlantic	  salmon	  fed	  pre-‐

diets	  with	  high	  fat	  level,	  low	  fat	  level	  or	  low	  fat	  level	  in	  half	  ration	  (May	  –	  Aug),	  and	  main	  

diets	  with	  70%	  of	  the	  fat	  from	  marine	  oil,	  70%	  of	  the	  fat	  from	  rapeseed	  oil	  or	  70%	  of	  the	  

fat	  from	  rapeseed	  oil	  added	  extra	  protein	  (Aug	  –	  Dec).	  The	  results	  are	  mean	  values	  of	  the	  

different	  groups	  ±	  SE	  and	  the	  letters	  indicates	  significant	  differences	  (P<0.05)	  between	  

the	  groups	  within	  the	  sampling	  periods.	  
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4.8	  Liquid	  loss	  

	  

In	  August	  the	  group	  fed	  the	  LF50	  pre-‐diet	  had	  a	  significantly	  higher	  liquid	  loss	  compared	  

to	  the	  groups	  fed	  the	  HF100	  or	  LF100	  pre-‐diets	  (P	  <	  0.0001).	  

The	  liquid	  loss	  results	  from	  October	  showed	  no	  significant	  differences	  among	  the	  groups	  

fed	  different	  dietary	  combinations	  (P	  =	  0.22)	  

In	  December	  the	  group	  fed	  the	  HF100	  pre-‐diet	  followed	  by	  the	  HiPro	  diet	  had	  a	  

significantly	  higher	  liquid	  loss	  compared	  to	  the	  group	  fed	  the	  LF50	  pre-‐diet	  followed	  by	  

the	  Mar70	  diet	  (P	  =	  0.0002).	  Numerically,	  the	  groups	  fed	  the	  Mar70	  diet	  had	  the	  lowest	  

liquid	  loss.	  
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b)	  

	  
	  

c)	  

	  
	  

Figure	  4.8	  a-c:	  The	  liquid	  loss	  %	  from	  fillets	  of	  Atlantic	  salmon	  fed	  pre-‐diets	  with	  high	  

fat	  level,	  low	  fat	  level	  or	  low	  fat	  level	  in	  half	  ration	  (May	  –	  Aug),	  and	  main	  diets	  with	  70%	  

of	  the	  fat	  from	  marine	  oil,	  70%	  of	  the	  fat	  from	  rapeseed	  oil	  or	  70%	  of	  the	  fat	  from	  

rapeseed	  oil	  added	  extra	  protein	  (Aug	  –	  Dec).	  The	  results	  are	  mean	  values	  of	  the	  

different	  groups	  ±	  SE	  and	  the	  letters	  indicates	  significant	  differences	  (P<0.05)	  between	  

the	  groups	  within	  the	  sampling	  periods.	  
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4.9	  Gaping	  

	  

There	  were	  no	  significant	  differences	  in	  gaping	  score	  among	  the	  groups	  fed	  different	  

pre–diets	  in	  August	  (P=	  0.37).	  Numerically,	  the	  group	  fed	  the	  HF100	  pre-‐diet	  had	  the	  

highest	  average	  gaping	  score	  (1.15±0.23),	  and	  the	  group	  fed	  the	  LF100	  pre-‐diet	  had	  the	  

lowest	  average	  gaping	  score	  (0.75±0.16).	  

In	  October	  there	  were	  no	  significant	  differences	  in	  gaping	  score	  among	  the	  groups	  fed	  

the	  different	  dietary	  combinations.	  The	  group	  fed	  the	  HF100	  pre-‐diet	  had	  a	  numerically	  

lower	  gaping	  score	  than	  the	  groups	  fed	  other	  pre-‐diets	  (P=0.17).	  

There	  were	  no	  significant	  differences	  in	  gaping	  score	  among	  the	  groups	  fed	  different	  

dietary	  combinations	  in	  December	  (P=0.54).	  	  
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b)	  

	  
	  

c)	  

	  
	  

Figure	  4.9	  a-c:	  The	  fillet	  gaping	  score	  (6	  days	  after	  slaughtering)	  of	  Atlantic	  salmon	  fed	  

pre-‐diets	  with	  high	  fat	  level,	  low	  fat	  level	  or	  low	  fat	  level	  in	  half	  ration	  (May	  –	  Aug),	  and	  

main	  diets	  with	  70%	  of	  the	  fat	  from	  marine	  oil,	  70%	  of	  the	  fat	  from	  rapeseed	  oil	  or	  70%	  

of	  the	  fat	  from	  rapeseed	  oil	  added	  extra	  protein	  (Aug	  –	  Dec).	  The	  results	  are	  mean	  values	  

of	  the	  different	  groups	  ±	  SE	  and	  the	  letters	  indicates	  significant	  differences	  (P<0.05)	  

between	  the	  groups	  within	  the	  sampling	  periods.	  
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4.10	  Texture	  

	  

In	  August	  there	  were	  no	  significant	  differences	  in	  texture	  among	  the	  groups	  fed	  the	  

different	  dietary	  treatments	  (P=0.04).	  Numerically,	  the	  group	  fed	  the	  LF100	  pre-‐diet	  had	  

the	  highest	  texture	  score.	  	  

The	  samples	  from	  October	  showed	  that	  the	  groups	  fed	  the	  HF100	  pre-‐diet	  followed	  by	  

the	  HiPro	  or	  Rape70	  diet	  had	  a	  significantly	  higher	  texture	  score	  compared	  to	  the	  group	  

fed	  the	  LF50	  pre-‐diet	  followed	  by	  the	  Rape70	  diet.	  	  

In	  December	  there	  were	  no	  significant	  differences	  in	  texture	  score	  among	  the	  groups	  fed	  

the	  different	  dietary	  combinations.	  	  
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b)	  

	  
	  

c)	  

	  
	  

Figure	  4.10	  a-c:	  The	  fillet	  texture	  of	  Atlantic	  salmon	  fed	  pre-‐diets	  with	  high	  fat	  level,	  

low	  fat	  level	  or	  low	  fat	  level	  in	  half	  ration	  (May	  –	  Aug),	  and	  main	  diets	  with	  70%	  of	  the	  

fat	  from	  marine	  oil,	  70%	  of	  the	  fat	  from	  rapeseed	  oil	  or	  70%	  of	  the	  fat	  from	  rapeseed	  oil	  

added	  extra	  protein	  (Aug	  –	  Dec).	  The	  results	  are	  mean	  values	  of	  the	  different	  groups	  ±	  

SE	  and	  the	  letters	  indicates	  significant	  differences	  (P<0.05)	  between	  the	  groups	  within	  

the	  sampling	  periods.	  
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5.	  DISCUSSION	  

	  

5.1	  Body	  weight	  and	  growth	  

The	  present	  study	  showed	  that	  feeding	  a	  diet	  with	  high	  fat	  content	  (35%)	  versus	  a	  diet	  

with	  low	  fat	  content	  (18%)	  did	  not	  result	  in	  significant	  differences	  in	  body	  weight.	  The	  

body	  weight	  was	  only	  significantly	  lower	  in	  the	  group	  fed	  half	  ration.	  This	  is	  in	  

agreement	  with	  previous	  studies	  by	  Azevedo	  et	  al	  (2004)	  and	  Solberg	  (2004)	  showing	  

that	  the	  growth	  rate	  was	  not	  affected	  by	  feeding	  high	  protein/low	  fat	  diet	  versus	  low	  

protein/high	  fat	  diet	  to	  Atlantic	  salmon.	  	  

The	  group	  fed	  half	  ration	  in	  the	  first	  period	  of	  the	  trial,	  had	  as	  expected	  an	  explosive	  

growth	  when	  fed	  full	  ration,	  while	  the	  group	  fed	  a	  diet	  with	  high	  fat	  in	  full	  ration	  had	  a	  

more	  slow	  but	  steady	  growth	  through	  the	  autumn.	  

	  

Feeding	  a	  diet	  with	  70%	  rapeseed	  oil	  versus	  a	  diet	  with	  70%	  marine	  oil	  did	  not	  affect	  

the	  growth	  (TGC)	  significantly.	  This	  coincides	  with	  results	  reported	  by	  Bell	  et	  all	  (2001),	  

who	  concluded	  that	  rapeseed	  oil	  is	  an	  effective	  substitute	  for	  fish	  oil	  in	  feed	  for	  Atlantic	  

salmon	  in	  terms	  of	  growth	  rates.	  

In	  the	  beginning	  of	  the	  autumn,	  the	  group	  fed	  the	  high	  protein	  diet	  had	  the	  lowest	  

growth	  in	  terms	  of	  TGC.	  A	  possible	  explanation	  to	  this	  can	  be	  that	  the	  transfer	  to	  this	  

feed	  was	  larger	  due	  to	  the	  protein	  gel	  coating,	  creating	  a	  harder	  surface	  on	  the	  pellet.	  

	  

5.2	  Condition	  factor	  and	  slaughter	  yield	  

Feeding	  diets	  with	  different	  fat	  content	  did	  not	  significantly	  affect	  the	  condition	  factor,	  

when	  given	  in	  full	  ration.	  The	  condition	  factor	  refers	  to	  the	  body	  shape	  of	  the	  fish,	  and	  is	  

correlated	  to	  the	  body	  weight.	  Only	  in	  the	  group	  where	  the	  ration	  was	  reduced	  to	  50%,	  

the	  condition	  factor	  was	  significantly	  lower.	  Due	  to	  rapid	  growth	  and	  fat	  retention	  

through	  the	  autumn	  this	  group	  surpassed	  the	  groups	  fed	  full	  ration	  in	  the	  first	  period,	  

and	  ended	  up	  with	  the	  numerically	  highest	  condition	  factor.	  

In	  line	  with	  a	  study	  by	  Rosenlund	  et	  al	  (2001),	  use	  of	  rapeseed	  oil	  versus	  marine	  oil	  in	  

the	  diet	  did	  not	  significantly	  affect	  the	  condition	  factor.	  	  

	  

The	  slaughter	  yield	  differed	  significantly	  among	  all	  the	  groups	  3	  months	  into	  the	  trial;	  

whereas	  the	  group	  fed	  the	  low	  fat	  diet	  in	  half	  ration	  had	  the	  highest	  slaughter	  yield	  and	  
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the	  group	  fed	  the	  high	  fat	  diet	  had	  the	  lowest	  slaughter	  yield.	  This	  is	  in	  agreement	  with	  a	  

study	  by	  Hillestad	  et	  al	  (1994),	  showing	  that	  slaughter	  yield	  increased	  with	  increasing	  

protein	  level	  and	  decreased	  with	  increasing	  fat	  level.	  

Our	  results	  also	  showed	  some	  small	  but	  significant	  differences	  in	  slaughter	  yield	  

between	  the	  groups	  fed	  the	  rapeseed70	  diet	  and	  the	  group	  fed	  the	  marine70	  diet	  at	  the	  

end	  of	  the	  trial.	  	  

	  

5.3	  Fillet	  fat	  content	  and	  fatty	  acid	  composition	  

Salmon	  fed	  a	  diet	  with	  high	  fat	  content	  (35%)	  had	  as	  expected	  a	  higher	  fillet	  fat	  %	  than	  

salmon	  fed	  a	  diet	  with	  low	  fat	  content	  (18%).	  The	  lowest	  fillet	  fat	  content	  where	  found	  

in	  the	  group	  fed	  half	  ration.	  This	  is	  in	  line	  with	  Solberg	  2004,	  who	  showed	  that	  feed	  with	  

higher	  dietary	  oil	  content	  (36%),	  resulted	  in	  a	  significantly	  higher	  fat	  content	  in	  the	  

fillets,	  compared	  to	  feed	  with	  lower	  dietary	  oil	  content	  (26%)	  	  

	  

The	  groups	  fed	  low	  fat	  diets	  (18%)	  had	  significantly	  higher	  amount	  of	  EPA	  and	  DHA	  in	  

the	  fillet	  compared	  to	  the	  group	  fed	  a	  high	  fat	  diet	  (35%).	  	  

Salmon	  fed	  the	  diet	  with	  the	  largest	  portion	  of	  marine	  oils	  had	  as	  expected	  the	  highest	  

amount	  of	  EPA	  and	  DHA	  in	  the	  fillet.	  From	  the	  1	  November	  to	  the	  end	  of	  the	  experiment	  

in	  December	  the	  group	  originally	  fed	  the	  marine70	  diet	  were	  fed	  the	  rapeseed70	  diet.	  

Nevertheless,	  the	  results	  showed	  an	  increase	  in	  EPA/DHA	  level	  in	  the	  groups	  fed	  the	  

high	  fat	  and	  the	  low	  fat100	  pre-‐diet	  from	  sampling	  in	  October	  to	  sampling	  in	  December.	  

The	  low	  fat50	  pre-‐diet	  had	  a	  minor	  decline	  in	  EPA/DHA	  content	  from	  October	  (14.38%)	  

to	  December	  (13.8%).	  These	  results	  are	  in	  agreement	  with	  Bell	  (2001)	  finding	  that	  

inclusion	  of	  rapeseed	  oils	  in	  excess	  of	  50	  %	  of	  supplementary	  lipid	  in	  Atlantic	  salmon	  

result	  in	  significant	  decline	  in	  EPA	  and	  DHA	  concentrations	  in	  the	  flesh,	  such	  that	  the	  

nutritional	  benefits	  of	  the	  fish	  to	  the	  consumer	  would	  be	  considerably	  reduced.	  	  

	  

5.4	  Quality	  parameters	  

The	  pH	  of	  the	  salmon	  fillets	  where	  highest	  in	  the	  group	  fed	  half	  ration	  in	  the	  first	  period	  

of	  the	  trial.	  The	  lowest	  pH	  where	  found	  in	  the	  fillets	  of	  the	  salmon	  fed	  the	  low	  fat	  diet	  in	  

full	  ration.	  To	  the	  contrary,	  Solberg	  2004	  found	  no	  significant	  differences	  in	  pH	  due	  to	  

fat	  level	  in	  the	  diet,	  only	  variations	  during	  season.	  	  

Feeding	  salmon	  diets	  with	  different	  fat	  sources	  and	  protein	  levels	  did	  not	  result	  in	  
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differences	  in	  the	  pH	  of	  the	  fillets.	  

A	  correlation	  between	  the	  pH	  and	  liquid	  loss	  is	  well	  documented	  by	  Ofstad	  et	  al	  (1995).	  

The	  results	  from	  this	  study	  where	  in	  line	  with	  this	  as	  the	  group	  with	  the	  highest	  pH	  also	  

had	  the	  highest	  liquid	  loss.	  	  

Gaping	  score	  of	  fillet	  did	  not	  differ	  significantly	  among	  any	  of	  the	  diets	  during	  the	  whole	  

experimental	  period.	  Generally	  gaping	  occurs	  together	  with	  tissue	  softening	  (Bremner,	  

1992),	  although	  studies	  have	  shown	  that	  it	  may	  occur	  even	  when	  the	  flesh	  is	  firm	  

(Mørkøre	  &	  Rørvik,	  2001).	  

The	  results	  from	  the	  texture	  analysis	  in	  august	  did	  not	  show	  significant	  differences	  

among	  the	  groups	  fed	  diets	  with	  different	  fat	  levels	  or	  diets	  given	  in	  different	  rations.	  	  

A	  previous	  study	  showed	  to	  the	  contrary	  that	  high	  fat	  levels	  (>	  18%)	  in	  the	  flesh	  may	  

have	  unfavourable	  effects	  on	  texture	  and	  processing	  characteristics	  (Gjedrem,	  1997).	  

Einen	  et	  al	  (1999),	  showed	  that	  feeding	  reduced	  feed	  ration	  prior	  to	  slaughtering	  

increased	  the	  firmness	  of	  the	  flesh.	  There	  might	  be	  differences	  in	  texture	  along	  the	  fillet,	  

and	  the	  contradicting	  findings	  can	  be	  a	  result	  of	  measuring	  on	  different	  parts	  of	  the	  

flesh.	  	  
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6.	  CONCLUSION	  

The	  level	  of	  fat	  in	  the	  diet	  did	  not	  affect	  the	  slaughter	  parameters,	  except	  for	  the	  

slaughter	  yield,	  which	  was	  significantly	  lower	  in	  the	  group	  fed	  a	  diet	  with	  high	  fat	  

content.	  It	  also	  affected	  the	  fat	  content	  and	  the	  amount	  of	  EPA	  and	  DHA	  in	  the	  salmon	  

fillet.	  Regarding	  the	  quality,	  the	  level	  of	  fat	  provoked	  significant	  differences	  in	  pH	  and	  

liquid	  loss,	  but	  not	  in	  gaping	  and	  texture.	  

Main	  dietary	  oil	  source	  in	  the	  diet	  did	  not	  affect	  the	  slaughter	  parameters,	  except	  for	  the	  

slaughter	  yield.	  The	  fatty	  acid	  composition	  of	  the	  fillets,	  were	  also	  strongly	  affected	  by	  

dietary	  oil	  source.	  Quality	  parameters	  were	  not	  affected	  by	  oil	  source,	  except	  for	  a	  

somewhat	  lower	  liquid	  loss	  in	  the	  group	  fed	  the	  marine70	  diet.	  	  

The	  present	  study	  did	  not	  see	  any	  significant	  effect	  of	  adding	  extra	  amino	  acids	  to	  diets	  

for	  Atlantic	  salmon,	  in	  terms	  of	  slaughter	  parameters,	  fat	  and	  fatty	  acid	  composition	  and	  

quality	  parameters.	  
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