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« FISHMEAL Stickwater fraction
 Fish by-products Hydrolysates

Cytosolic peptidases,
hydrolysing peptides to

* Fishmeal and Fishoil replacement, I free amino acids

(Gilthead seabream)

] nutrient absorption, I enzyme activity~survival I growth rates & l
malformation rates in fish larvae fry or adults (Atlantlc salmon hallbuL, A
European sea bass) - |

* Non-specific iImmune system responses (Japanese sea bass Coho j'
salmon) / : F
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Special marine water soluble Compounds

15.12.2008

Taurine

Anserine

Creatinine

Carnosine
Nucleotides

Free amino-acids
Peptides

Small proteins
Minerals

Water soluble vitamins

(Aksnes, 2005)
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Experiment

« SCOPE: Documentation of the
Importance of MWS for fish
performance

« METHOD: Extraction/removal of fishmeéil
WS fraction: Stickwater (SW)
+ Presscake (PC) |

Reintroduction at graded Ievels

JNoflma



Raw Materials

Herring Fish meal:

* Heating (90°C)
* Press/filter/centrifuge
— Press cake (solids)
— Sludge
— Stickwater (water solubles) (+ Ultrafiltration)
— Ol

Stickwater (SW)

o 20-50% (raw material weight)
* 30% fish meal solids

 High collagen content (33.3%, Zarkadas _e't al.; 1986) - |
- Special physicochemical characteristics | /o
o/ Nofi ma
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Experimental design

10 week Atlantic salmon trial (137-410 g)
e High fish meal control diet (30% in the diet)

« 7 High plant protein experimental diets (10% fish meal in the
diet)/ graded levels of whole SW or fractions (<&>10,000 Da)

« Diets: 42% P, 25% L, 23 MJ kg? E

» 10% fishmeal

diet FM PC PC+ PC+ PC+ PC+ PC+ PC+

control 25%SW | 50%SW | 100%SW | 200%SW | 100%RSW | 100%PSW
Standard fish meal 30 5 5 5 5 5 5 -'5
Experimental fish 5 5 <) 5 5 ! 5 )
meal ' o
Washed PC

e . /JNofima



Experimental fish meals

Ash
Lipid

Moisture

Protein, crude

\Water soluble protein

Diet 2

817

43

93

63

PC+

25%SW
Diet 3

768
72
96

78

101

PC+ PC+ PC+
50%SW | 100%SW | 200%SW
Diet 4 Diet5 Diet 6
761 750 754
78 86 76
105 106 117
77 77 77
164 | 200 | 286

15.12.2008
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Water soluble protein (g/kg protein)

350 T
300 -
250
200 A
150 ~
100 ~

a
o O
| I

PC

PC+25%SW

PC+50%SW

PC+100%SW

PC+200%SW
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Results
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GROWTH
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GROWTH

3.5
b : b
¢ abc ¢
3.0 -
T
| I
|
2.5 -
O
O
-
2.0 -
1.5 -
1.0 - ‘ B
PC + PC + PC + PC + PC + PC +

25%SW 50%SW 100%SW 200%SW  100%RSW  100%PSW

P<0.05
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More Results

Morphometry

Feed Intake

Feed efficiency

Protein efficiency

Whole body composition

ADC

ns
ns
ns

ns

no effects

no effects =
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SW inclusion level

Correlation R? n P

BW x SW inclusion level 0.64 15 <0.01

SGR x SW inclusion level 0.64 15 <0.01

TGC x SW inclusion level 0.64 15 <0.01

FI x SW inclusion level 0.37 14

FE x SW inclusion level 0.36 15

Fl x BW 0.70 5 00D sl
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Free Hyp in salmon fillet (%

FILLET AA COMPOSITION: Hyp

0.010
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Potential factors in MWS
affecting fish growth...

| JNofin'ia



Dietary Marine Water Solubles level

3.2

2.8

TGC

2.6

2.4

R2 =0.66, n=15, P<0.01

2.2 -

2 I I I I I 1
0 50 100 150 200 250 300

Marine Water Solubles (g/kg protein in exp. meal: 5% of diet)



Dietary Hyp level
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3.2 -
3.0 -
2.8 -
Q ® ®
O 2.6 -
|_
0 O
2.4 -
2.2 R2 =0.59, n=15, P<0.01
2.0 | | | | |
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Dietary hyp (g/kg protein)



Dietary free Taurine level

3.2 1

3.0 - ®

2.8 -

2.6 -

TGC

2.4 - R2 = 0.65, n=15, P<0.01

2.2 -
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06 08 1 1.2 1.4 1.6 1.8 o

Dietary taurine (g/kg protein)
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Dietary Total Free Amino Acid level

3.2
2
3.0 -
¢ 4
L 4 * ¢
2.8 - .
@) *~— L 4
G] 2.6 -
|_
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2.4 -
2.2 - R2 =0.28, n=15, P>0.05
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Dietary FAA (% protein)
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Dietary specific Free Amino acid level

3.2

3.0 -

2.8 1

2.6 1

TGC

2.4 -

2.2 1

Free Ser: R2 = 0.57

Free Ala: R>=0.61

Free Gly: R* = 0.59

2.0

15.12.2008 test

0.2 0.4 0.6 0.8 1 1.2 14 16
Dietary FAA (g/kg protein)
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Candidate factors in marine water solubles
affecting fish growth:

Hyp, Tau, Gly, Ser, Ala...

Peptides...
Small proteins...
Combination of different compounds...

More research needed for identification
of special growth promoting compounds iIn

IN marine water solubles
] __'jNofirr_:ia



METHODS

« Hydrolysis/ Extraction
 Fractionation
o Separation technology

SPECIES

Zebrafish?”

Atlantic cod Atlantic salmon

Terrestrlal anlmal
JNohma
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Dietary protein hydrolysates affect spatial expression of peptide transporter PepTl in the

digestive tract of Atlantic cod, Gadus morhua.

Presented at Transporters 2008. Murten, Switzerland, August 27 — 30, 2008.

Snorre Bakkel, Ann-Elise Olderbakk Jordall. Pedro Gomez-Reauenil. Katerina Kousoulaki?, Tiziano Verri® and Ivar Rgnnestad?

@
o
= @ " -
£ 5 g _ e 55 £ s £ Ingredient (%) EM FH UFR___ NFR __ FAA
2 2 § & o £ 8 ¥ 3 8 Fish meal 268/06 51.8 353 35.1 351 346
Raw wheat 209/06 480 56.0 58.0 540 365
681 bp —> <— PepT1 Fish h)./drol}/sate ) 0.0 144 0.0 0.0 0.0
Ultra filtration retentive 0.0 0.0 13.2 0.0 0.0
Nano filtration permeate 0.0 0.0 0.0 13.0 0.0
603 bp —» <+— EF1a Fish oil 12.2 14.1 14.1 141 140
Vitamin mix 1.0 1.0 1.0 1.0 2.0
Mineral mix 0.4 0.4 0.4 0.4 0.4
Betafine 0.4 0.4 0.4 0.4 0.4
The goal of this study was to mvestlgate how |nclusron of peptides and free amlno acrds (FAA) .nos,t(). 0.03 003 0.03 0.03 00
preser 1 )y 0.0

iy Dretarv protern hvdrolvsates affect PepT1 &

PepT1-
found :? NA | d | ) .. 5
RN Hexpressron in co | .
3 } }. IR 101
r r a 30
r r | ) 4.9
w| nsporter protein along
l ‘ l 1 l l l 226
of avallable substrates for the peptlde transporter in the |ntest|nal Iumen In order to absorb the |ncreased Yield by fractionation (%) 100.0 57.0 29.0
levels of peptides we expect an increase in PepT1 activity. If the absorptive capacity for peptides in the  Crude protein | 913.0 9720 959.0
proximal part of the intestihe becomes saturated we hypothesize that there will be additional . Lipid <10 <10 ! <10
mobilization of PepTl in distal regions of the intestine that are normally less active in protein/peptide’ Ash i 78.0 150 . ..640-—
absorption. Free amino acids (% of protein) 10.4 17 14:8
. . . . Peptides 10.000-20.000 Da <1.0 <1.0-, <10
Conclusion: The results suggest that PepT1 mRNA expression is variably affected  peptides5.000-10.000 Da 359 350 197
by dietary peptides as well as FAA. Further, that dietary hydrolysates, peptides in  Peptides 1.000-5.000 Da 97" 258 : 124
various chain length as well as free amino acids affect segments relative expression ~ Péptides 100-1.000 Da 861280 588
f PepT1 along the whole intestinal tract. The regulation of PepT1 mMRNA seems to e <0002 s A W
0 Y g g Y Anserine (g/kg prot) 275 480 412
be highest in the pyloric caeca and proximal segments, where maximal peptide load - 1,ine (gikg prot 10 ° 170 | 170
and maximal peptide variety is experienced by the fish after meal ingestion. : ) —
B —— i /o Nofima
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