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TARRAINA

ARRAINA Biomarkers Aquafat AGL 2009

Identify easy and highly informative nutritionally- What do we eat? Interactive tool for predictive
regulated biomarkers for the five fish species of the modelling fish fatty acid composition
project

Sparus aurata transcriptomic database Dicentrarchus labrax transcriptomic database

Data derived from GenBank complete mRNA Data derived from public repositories of mRNA,
sequences, a collection of assembled annotated ESTs, collections of ESTs and new high-quality reads from
and 85,350 new sequences five cDNA 454 normalized libraries
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Topics will cover a wide Ta y ) .
larval nutritional programming, nutrient x genotype

ARRAINA Technical Booklets interactions, resistance to bacterial and parasite infections,

food safety, and long-term consequences of low fish meal/fish

% Feed ingredients oil diets in fish species of interest in aquaculture (rainbow
trout, European sea bass, gilthead sea bream).

Nutrient requirements  Main results and conclusions are from the ARRAINA EU
Project. Current research on ongoing H2020 Projects
(ParaFishControl , AQUAEXCEL?%?) is also presented.

ﬁ Biomarkers in fish s
nutrition The Course will be completed with a visit to IATS-CSIC 0 e

ARRAINA Key Achievements

facilities on June 16.

We hope you enjoy your stay and the lectures, in order to
have a productive and enjoyable Course.
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ARRAINA BIOMARK
.nutrigroup-iats.o

=T o On-line tool for searching
Informative biomarkers
of nutrient requirements or
specific biological processes

* Interactive & collaborative: Inputs from INRA, NIFES, UoS,
CSIC, ULPGC, HAKI, USI and CCMAR

*  More than 800 entries, >20 fish species

WWw.nutrigroup-iats.org
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ARRAINA BIOMA

— " On-line tool for searching
T I - iInformative biomarkers

ﬁ ——— of nutrient requirements or
specific biological processes
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«  Filter by nutrient and/or biological process

- Also includes information for the assessment of fish safety
*  General search box

*  Public users can search and download filtered data

+“CSIC ARRAINA
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Biological process: “tree” categories

p
Development

Bone mineralization
+ External appearance

Skeletal development
Skeletal integrity

Skeletal morphology

Health & Welfare

\

*  Apoptosis

*  Cell diferentiation

*  Cell signalling pathway
* Eicosanoid production

External appearence
Haematology
Inflammatory response
Innate immune response
Internal appeareance

\. J
4 »  Digestion «  Muscle growth . Performance A
Growth Energy Wastagfa *  Muscle structure *  Protein turnover
Feeding behaviour +  Nutrient sensor - Somatotropic axis
*  Growth dynamics
\, J
4 * Antioxidant defence )

Iron metabolism
Specific immune response
Tissue homeostasis
Tissue remodelling
Viral response

<

Quality at harvest

*  Fillet FA composition

g

Stress response

.

* Antioxidant defence
*  Apoptosis
* Cell & tissue repair

Endocrine status

Energy supply
Hypoxia

: . i . +  Sperm qualit
Reproductive performance ©  Fecundity Gonad development VP i ety
X +  Fertility «  Sexual maturation itellogenesis )
Safety +  Biocontaminants
g S

Metabolite stress
Nuclear transcription factor
Oxidoreductase activity

“CSIC
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ARRAINA Biomarkers database

Filters panel: Choose a nutrient and/or a biological process

Hutrient General search

Biological process B

Button

Showing 805 rows.
1 2 3 >  Lasty

Hutrient Level Biological Metabolic Marker Symbol GenBank Description Method Tissue Invasive Species £
indiet process process/ number
(units) biocontaminant

Glucose None None Glucokinase GK AF053331 qPCR Liver Yes Trout

#CSsIC * ARRAINA

CENSE BLAEIREA BE INVESTLAESINES CANTR AL

Www.nutrigroup-iats.org USSEC 2017, Benicassim




ARRAINA Biomarkers database

Filters panel: Choose a nutrient and/or a biological process

Nutrient

Biological process

Choose a biological process

o Al
e MNone

s Development

‘ o Growth

» Health & Welfare
e Quality at harvest

* Reproductive performance

o Safety

s Stress response

Showing 805 rows.
2 3 =

Nutrient Levelin

diet
(units)
Glucose
Glucose
Glucose

#CSIC

CENSE BLAEIREA BE INVESTLAESINES CANTR AL

Last»

Biological
process
None
Mone

None

WWw.nutrigroup-iats.org

Metabolic process /
biocontaminant

None
Glycolysis

Glycolysis

Marker

Glucokinase
Glucokinase

Glucokinase

General search

Symbol GenBank Description Method

number
GK AF053334
GK AF053330
GK AACI3SAS

USSEC 2017, Benicassim

gPCR
Enzymatic agsay

qPCR, Enzymatic
assay

Button
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ARRAINA Biomarkers database

Filters panel: Choose a nutrient and/or a biological process

General search

Hutrient

Biological process

Growth

Showing 72 rows.

Hutrient Level
in diet
[units)

Amino
acid

None

None

None

Mone

W' | Mone

Last »

Biological
process

Growth

Growth

Growth

Growth

Growth

Growth

Metabolic process [ biocontaminant

Metabolic
process |
biocontaminant

Digestion

Performance

Performance

Performance

Performance

Performance

Marker

PepT1

Specific
growth
rate

Specific
growth
rate

Specific
growth
rate

Specific
growth
rate

Specific
arowth

Symbol GenBank Description Method

qPCR

Weight
Weight
Weight
Weight

Weight

Tissue

Intestine

Population

Population

Population

Population

Population

Invasive Species Stage

res

No

No

No

Mo

Mo

Sea
bass

Trout

Carp

bream

Salmon

Button

* ARRAINA




ARRAINA Biomarkers database

Filters panel: Choose a nutrient and/or a biological process

Hutrient General search

Biological process Metabolic process | biocontaminant B utto n

Growth ﬂ ﬂ

Choose a metabolic process / biocontaminant

« All

e Mone

o Digestion

* Energy wastage

* Feeding behaviour

s Growth dynamics
- + Muscle growth

® Muscle structure

» Mutrient sensor

* Performance

& Protein turnover
+ Somatotropic axis

Species Refine search

Showing 72 rows.
1 2 3 > Llasts

Nutrient Levelin Biological Metabolic Marker Symbol GenBank Description Method Tissue Invasive Species Stage

diet process process | number ',_
(units) biocontaminant ARRA]NA
Www.nutrigroup-iats.org USSEC 2017, Benicassim




ARRAINA Biomarkers database

Filters panel: Choose a nutrient and/or a biological process

Nutrient

Biological process

Growth

Nutrient

None

None

None

None

None

Showing 20 rows.

Level
in diet
(units)

Biological
process

Growth

Growth

Growth

Growth

Growth

Growth

WWw.nutrigroup-iats.org

Metabolic process [ biocontaminant

E Muscle growth

All

Method

Tissue

Invasive

Species

Stage
Organisation_level

Metd
procy
biocq

Response

Muscle growth Myogenic WyoDr1 XT5758
differentiation
1

Muscle growth Myogenic MyoD1
differentiation
1

Muscle growth Myogenic KyoDn AFATESES
differentiation
1

Muscle growth Myogenic MyoDia AJS5T148
differentiation
1a

Muscle growth Myogenic MyoDib  AJSET1S0
differentiation
1b

Muscle growth Myogenic Myolric DQ3M1752T

General search

Description Method Tissue

gPCR

qPCR

gPCR

gPCR

gPCR

qPCR

Muscle

Muscle

Muscle

Muscle

Muscle

Muscle

Invasive Species Stage

es

es

Yes

Yes

es

es

USSEC 2017, Benicassim

Trout

bream

Salmon

Salmon

Salmon

e
ARRAINA



ARRAINA Biomarkers database

Filters panel: Choose a nutrient and/or a biological process

Nutrient

Biological process

Growth

Sea bream

Showing 5 rows

Hutrient

None

MNone

MNone

None

None

Level
in diet
[units)

Biological
process

Growth

Growth

Growth

Growth

Growth

Metabolic process / biocontaminant

ﬂ Muscle growth

Species

Metabolic
process |
biocontaminant

Muscle growth

Muscle growth

Muscle growth

Muscle growth

Muscle growth

Marker

Myogenic
differentiation
1

Myogenic
differentiation

2

Myogenic
factor 5

Myogenic
factor 6

Myogenin

[

Symbol

MyoD1
MyoD2

My fo

My fE/NRF4
Iherculin

Myog

General search

GenBank Description Method Tissue

number

AF4TE568

AF4T8569

JHO34420

JHO34421

EF462151

gPCR

gPCR

gPCR

gPCR

gPCR

Muscle

Muscle

Muscle

Muscle

Muscle

Invasive

es

Yes

es

es

Es

USSEC 2017, Benicassim

Species Stage Reference

Sea
bream

Sea
bream

Tan & Du,
Dev., 2002

Tan & Du,
2002

Garcia de
la Serrana
et al, 2014,
Comp
Blochem
Physiol &

Garcia de
la Serrana
et al, 2014,
Comp
Blochem
Physiol A

Codina &t
al., 2008

Export to Excel

e
ARRAINA



ARRAINA Biomarkers database

Filters panel: Choose a nutrient and/or a biological process

Nutrient

Biological process

Choose a nutrient

=

All

Maone
a-Tocopherol
Amino acid
Ascorbic acid
Biotin

Baron
Calcium
Chromium
Cobalamin
Cobalt
Copper

DHA

Fluoride
Folate
Glucane (Bio-Mos)
Glucose

Indine
Iron

Lipids & FA
Magnesium
IManganese
Methionine
Maolybdenum
Ma-butyrate
Miacin
Pantothenic acid
Phosphorous
Potassium
Riboflavin
Selenium
Taurine
Thiamine
Vitamin A
Vitamin B6
Vitamin D
Vitamin K

s Zinc

General search

USSEC 2017, Benicassim

Export to Excel
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ARRAINA Biomarkers database

Filters panel: Choose a nutrient and/or a biological process

Hutrient

Vitamin A

Biological process

Showing 9 rows

Species

Hutrient Level Biological Metabolic

indiet process

{units)
“itamin None
A
“itamin None
A
“itamin None
A

“CSl
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process |
biocontaminant

MNone

MNone

MNone

Refine search

Marker symbol GenBank Description
numkber

CYP26

Bone

deformity

Fecundity

USSEC 2017, Benicassim

General search

Method

gPCR

X-ray

Weight

Tissue

Liver

Invasive

Yes

“ertebrae Mo

Ovwary

MNo

Species

Atlantic salmon

Flounder,Rainbow
trout

Atlantic salmon

* ARRAINA




ARRAINA Biomarkers database

Nutrient
Biological process Metabolic process
B n > flammatory response a n

All Refine searrh

Showin Export fo Excel

3l B2 B B RS

Export to Excel

Nutrient Biological Metabolic process Marker Symbol GenBank Description Method Tissue Invasive Species Stage

process number

Health inflammatory Cluster of CD4 AMB49811 qPCR  Head kidney,Intestine Yes Seabass
response differentiation 4

Health inflammatory Cluster of CD4 AMB49811 gqPCR  Head kidney,Intestine Yes Sea bass
response differentiation 4

Health inflammatory Cluster of CD4 2 qPCR  Heart Yes Salmon
response differentiation 4

Health inflammatory Interleukin 12b IL12B BT049114 qPCR  Heart Yes Salmon
response

Bgs v
“CSIC ARRAINA

CENSE BLAEIREA BE INVESTLAESINES CANTR AL
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ARRAINA Biomarkers database

Biological process

Health

Showing 39 rows.
gy BN S =

Nutrient Biological
process
Health
Health

Health

Health

‘ All

Method

Tissue

Invasive

Last) | Species

Stage

Organisation_level
Me! _

{Response

inflammatory Cluster of
response differentiation 4
inflammatory Cluster of
response differentiation 4
inflammatory Cluster of
response differentiation 4
inflammatory Interleukin 12b

e [

Symbol GenBank

CD4

CD4

CD4

1L128

number

AM849811

AMB849811

BT049114

Description Method

qPCR

gPCR

gPCR

qPCR

Metabolic process

Tissue

Head kidney,Intestine

Head kidney,Intestine

Heart

Heart

inflammatory response a n

port to Excel

Invasive Species Stage

Yes

Yes

Yes

Yes

Sea bass

Sea bass

Salmon

Salmon

#CSIC
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Button

Export to Excel

* ARRAINA




ARRAINA Biomarkers database

Nutrient

Biological process

Heaith

intestine

Tissue

. T o

- =ma

Showing 9 rows
Nutrient Biological
process
Health
Health

Health

Health

Metabolic process Marker

inflammatory
response

inflammatory
response

inftammatory
response

inflammatory
response

Cluster of
differentiation 4

Cluster of
differentiation 4

Interleukin 18

Interleukin 18

Symbol GenBank

CD4

CD4

IL1B

IL1B

number
AMB49811

AMB49811

AJ311925

AJ277166

Metabolic process

inflammatory response a n

Description Method Tissue

qPCR  Head kidney,Intestine

qPCR  Head kidney/Intestine

qQPCR  Head kidneyIntestine

gQPCR  Head
kidney,Intestine Liver Spleen

Export to Excel

Invasive Species

Yes Seabass
Yes Sea bass
Yes Sea bass
Yes Sea
bream

Stage

#CSIC
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Button

Export to Excel
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ARRAINA BIOMAR
w.nutrigroup-iats.o

3rd ARRAINA Technical Booklet

#* ARRAINA
° o ey B

UNDERSTANDING

BIOMARKERS
IN FISH NUTRITION

. Biomarkers of Mineral and Vitamin Requirements

. Markers of Methionine Metabolism

. Markers of Lipid metabolism and Growth Performance

. Markers of Intestinal Function and Architecture

. Nutritionally Mediated Effects on the Intestinal Transcriptome

. Potential Presence and Prevalence of Contaminants in Fish Fillets

+CSIC

Www.nutrigroup-iats.org USSEC 2017, Benicassim
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Nut

trigenomics and Fish Growth Endocrinol

QUAFAT: predictive fi

.nutrigroup

What do we eat? Interactive tool for predictive

Group of the Institute of Aquacuiture Torre de la
Sal (IATS-CSIC)

F== =csic

modelling fish fatty acid composition

Introduction

Fish are the most important source of w-3 highly unsaturated fatty acids in the
human diet and Aquafat project contributes to ensure the compatibility of new
aquafeeds with healthy fish for human consumers.

The project yielded an interactive and highly informative tool of fillet fatty acid
composition using a dummy regression approach.

The predictive tool requires information on dietary fatty acid composition and
fillet lipid content.

The tool is initially developed for marine fish with a high value for the Spanish
aquaculture (gilthead sea bream, European sea bass, turbot, sole). Future
database updates will include in the model data from other fish species of
interest in aquaculture (eg., Atlantic salmon, trout, and carp).

The application of the model allows the generation of tailored fish, helping to
face the nutritional human recommendations and the sustainable utilization of
marine raw materials in fish feeds.

AquaFat benefits of the ARRAINA EU project (www.arraina.eu) for the
maintenance and updates of this fatty acid database. U
ARRAINA

“CSIC

OB BLALIREA B VLSS S CANTR

Calculate your profile

Specie %]
Diet: Fish oil diet ¥ n
Lipid fillet (%): 12 B
Units: mg FA/ g lipid v n
Methodology

@ Sampling

@ Lipid and fatty acid analyses

@ Dummy regression
@ Model validation

Sole

Sea bass

turbot

s
ARRAINA

Advanced Research Initiatives for
Nutrition & Aquaculture




UAFAT: predictive
utrigr

STEP 1: Regression modelling in gilthead sea bream

* Sea bream fed commercial standard diet
- 2-years production cycle
- Sampled every 3-4 months: 160,

Sea bream

FA (predicted) = 098 FA(observed) + 072
- Total lipid levels g | e
« FA composition %wo- |
» Fillet FA composition correlated with: £ ™
* Dietary FA composition % w0l e
- Fillet lipid level UM A
- Validation with a diet based in PP/FO

(I] 2..0 4Il] 6I0 SlO 1lI]0 li() 14I'0 1&0
Observed FA values (mg/g lipid)

* ARRAINA

Ballester-Lozano et al., 2011 .




- Farmed turbot and sole (North-West Spain) fed commercial diets
* Production cycle (turbot, 24 month; sole, 20 month)

- Sampled at different stages of the production cycle

- Sea bream data used as reference subgroup category

- Validation with data not included in the construction of the model

140

QUAFAT: predictive
.nutrigroup-i

8

{predicesdy

i =097

g

Predicted FA values (mg g" lipid)
B o C &

1 FA =096 FA

(&uamd:+ 1.30

ol

=]

0 20

Ballester-Lozano et al., 2014

40

Gl

B0 100 120 140

Observed FA values (mg g lipid)

STEP 2: Dummy regression analyéis (turbot, sole)
Yi= 6o+ 81y * By + Bely + BaZy;

Sea bream

‘u rbot

* ARRAINA




UAFAT: predictive

utrigr

STEP 3: Sea bass up-scaling (farm & experimental scale)

- Sea bream data used as reference subgroup category
 Dummy variables: turbot, sole and sea bass (20 months)

« Validation: farmed fish harvested at commercial size

180 -

160

Predicted FA values (mg/g lipid)

Ballester-Lozano et al., 2016

140
120
100
80 -
60 -
40 -

20 4

FA

(predicted) =1L1FA

1.3;R*=0.98

(observed) ~

0 20 40 60 80 100 120 140
Observed FA values (mg/g lipid)

160

180

@O 1 @ 04dd @O * % +

14:0

16:0

18:0

16:1 n-7
18:1 n-7
18:1 n-9
20:1 n-9
18:2 n-6
20:4 n-6
20:5n-3
22:5n-3
22:6 n-3

Sea bream

Sea bass

turbot

Sole ‘

* ARRAINA




AQUAFAT: predictive fillet FA composition

@ aqual ! ‘ﬁ

What do we eat? Interactive tool for predictive modelling fish fatty acid composition

Calculate your profile

Specie: | Turbot v|
Diet: [ Fish oil diet v
Lipid fillet (%) [12 |
Units: [ mg Fa/ g lipid ~|

« Species: turbot, sole, sea bream, sea bass
« Diet: FO, 33VO, 66V0O, VO & customized
« Unit as mg FA/ g lipid or mg FA/ 150 g fillet

Www.nutrigroup-iats.org USSEC 2017, Benicassim
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AQUAFAT: predictive fillet FA composition

L/

) aqualal

#CSIC

CENSE BLAEIREA BE INVESTLAESINES CANTR AL

WWw.nutrigroup-iats.org

‘ Lipid fillet: 12%

Diet: Customized

mg FA/ g lipid

14:0 (miristic acid)

16:0 (palmitic acid)

18:0 (estearic acid)

16:1 n-T (palmitoleic acid)
18:1 n-7

18:1 n-9 (oleic acid)

201 n9

18:2 n-6 (linolenic acid)

20-4 n-6 (arachidonic acid)

18:3 n-3 (linoleic acid)

20:5 n-3 (EPA)

22:6 n-3 (DPA)

22:6 n-3 (DHA)

Saturated 1 0.0
Monoenes 2 0.0
n-6 PUFA (u-6) 3 0.0
n-3 HUFA (u-3) 4 0.0

USSEC 2017, Benicassim

‘ Lipid fillet: 12%

Diet: 66% vegetable oil diet

mg FA/ g lipid

14:0 (miristic acid) 18.2)

16:0 (palmitic acid)

3
#
=1

18:0 (estearic acid) 23.9
16:1 n-T (palmitoleic acid) 17.6
18:1n7 0.

18:1 n-9 (oleic acid)

183 n-3 (linoleic acid)

20:5 n-3 (EPA) 205
22:5 -3 (DPA)
22:6 n-3 (DHA) 12.7
Saturated 1 166.6
Monoenes 2 191.0
n-6 PUFA (w-6) 3 19.0
n-3 HUFA (w-3) 4 B

* ARRAINA




AQUAFAT: predictive fillet FA composition

Results
/\ ‘ Lipid fillet: 12% &= Print (= Export
{ € .y
' , d q Uat e 1 Diet: 66% vegetable oil diet Fillet profile
\/'
14:0 (miristic acid) 18.2 14:0 (miristic acid) 348.0
16:0 (palmitic acid) 16:0 (palmitic acid) 22256
18:0 (estearic acid) 23.0 18:0 (estearic acid) 4540
: o 16:1 n-7 (palmital id) 16:1 n-7 (palmitoleic acid) 5283
* Fillet FA reflects FA composition e trg| 16T peimioleczc
. 18:1 n7 18:1 n7 286.0
of diet
18:1 n-9 (oleic acid) 18:1 n-9 (oleic acid) 33536
201 n-9 201 n-9 1272
H H 18:2 n-6 (linolenic acid 18:2 n-6 (linolenic acid 19895
* Fish tailored to consumer needs e linlenc ac) tizg] 1828 fnleric acd)
20-4 n-6 (arachidonic acid) 20-4 n-6 (arachidonic acid) 282
18:3 n-3 (linoleic acid) 18:3 n-3 (linoleic acid) 16285
* Robustnhess of the model 205 n-3 (EPA) 295|205 n3 (EPA) 485
il 1 1 22:5 n-3 (DPA, 22:5 n-3 (DPA, 1816
facilitates inclusion of new O L 20030
. 22:6 n-3 (DHA) 12.7]  22:6 n-3 (DHA) 317.0
species
Saturated 1 166.6 Saturated 3.021.0
Monoenes 2 191.0  Monoenes 4,356.8
n-6 PUFA (m_5}3 119.0  n-6 PUFA (w-6) 1,996.8
n-3 HUFA (m_3}4 437 n-3 HUFA (m—3} 919.2
“CslIC
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Searchable trans

WWW.nutrigroup-ia
.nutrigrou

transcriptomic database

BLAST xour Query sequence in FASTA format:

wion
200w GOSN
\ [ Somen |

20,565 non-redundant annotated sequences
14,535 different gene descriptions

24,906 non-redundant annotated sequences
15,367 different gene descriptions

BLAST searches (Blastn, tblastn, tblastx)

Annotation search
GO ontology search

+CSIC
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WWW.nutrigroup-iats.org

ARRAINA
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Next-generation Sequencing

Sea bream transcri
trigroup

Suppression Substractive Hybridization

No challenge: Immune challenge: Stress challenge: Immune challenge: Nutritional challenge:
stock animals parasite infection confinement exposure parasite infection EFA deficiencies
SKELETAL MUSCLE HEAD KIDNEY-38 LIVER INTESTINE LIVER
INTESTINE HEAD KIDNEY-105 N HEAD KIDNEY ADIPOSE TISSUE
BLOOD BRAIN
4 &1L & 1| 1! 111
C@ Total RNA extraction mRNA purification
LV 142 LIRS
cDNA synthesis and normalization C SSH libraries construction )
{4 JL éLU ]! L S 1L U,_)

10 10
Titanium GS FLX 454 sequencing

Sanger sequencing

De novo assembly )

(

Homology sequence search (E-value < 1e-5) against Swissprot and NCBI RefSeq )

——

( Annotated sequences: Redundancy filtering & frameshift correction in codifying domains )

Larval annotated —

sequences

|ATS transcriptome database

=

USSEC 2017, Benicassim

Intestine
" Blood
_ Skeletal muscle
" Liver
( Adipose tissue
(Gills
(Brain




Sea bream transcripte
WWWw.nutrigroup-iats

Secreted gel-forming mucins

NH, NH,
1 1
1 ]
1
i E
COOH COOH
COOH

Design of
microarrays

(8 x 15k) and
focused PCR-arrays
for routine gene

Reference library in
proteomic studies

Definition of 2D-DIGE expression analyses
molec,:ular identities iTRAQ

and discovery of

fish-lineage specific Liver/muscle

genes (mucins, /intestinal mucus

PRDXs, UCPs....) proteomes

USSEC 2017, Benicassim
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Next-Generation Sequencing

Sea bass transcript
utrigro

ANTERIOR POSTERIOR
INTESTINE INTESTINE

Total RNA extraction

R |

cDNA synthesis and normalization

W

Titanium GS FLX 454 sequencing

B )

l De novo assembly (85,350) I
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Calduch-Giner et al., 2016
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SEA BASS MICROARRAY V1: Massive gene expression analysis

Principal Components Analysis
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Summary

« Database of biomarkers of traits of interest, nutrient requirements
and detection methods of potential contaminants.

* Fillet fatty acid tailoring predictive tool.
« Sea bream and sea bass transcriptomes as the basis of omic platforms

to phenotype every trait.
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RNA

Aquafat AGL 2009
What do we eat? Interactive tool for predictive
modeliing fish fatty acid composition

Identify easy and highly informative nutritionally-
regulated biomarkers for the five fish species of the
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Dicentrarchus labrax transcriptomic database
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&/ﬁ Aquagenomics

&{ Mi2-FISH

Unravelling Metabohe, Intestinal and

Immunopathelogical Fish Status

s USSEC.

U.S. SOYBEAN EXPORT COUNCIL

HLTRAINING COURSE ON
FISH NUTRITION RESEARCH
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PLANT PROTEINS ARE GOOD !






