nutrifion in
aquaculture

Models and tools for meqsurmg

environmental impacts
Luis Conceicdo

Tomé Silva

Jorge Dias

luisconceicao@sparos.pt

www.sparos.pt

Training course on
“Fish nutrition research: recent advances and perspectives”
13-16 June 2017, Benicassim, Spain




Tailoring

your feeds SPAROS location & markets

$hang

SPAROS Pilot-plan

SOAargs
“T&D pitene




Tailoring

your feeds S PA ROS ACﬁViﬁeS

CAE 72190 - Oufra investigacdo e desenvolvimento das ciéncias fisicas e naturais

Industrial R&D Services

e Custom feeds for R&D

e Fish nutrition frials

e Pellet quality tests

o Stability tfests through extrusion

Own Products & Services

Hatchery feeds range

Custom feeds for fish farms
Zebrafeed - zebrafish (biomedicine)
Aquatica range — ornamental fish
Feed evaluation tools

CAE 10913 - Fabricacdo de alimentos para aquicultura

Customers
Feed Additives
Feed Ingredients
AquaFeeds
Fish Farmers
R&D Institutes

National & European
Projects
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your feeds Collaborative R&D projects

* FP7 ARRAINA -

r,
«*  ARRAINA

Advanced Research Initiatives for
Nutrition & Aquaculture

* FP7 MIRACLES - biorefinery of bioactives from microalgae for

food, aquafeeds, and non-food products

* H2020 WISEFEED - Improving sustainability and performance of

aquafeeds
Wisefeed

.
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Ingredients
/». Micronutrients
'~ Pigments
Other additives

Technological processes

Context

Feed quality
and performance

Digestibility
Environmental impact
Growth performance

Economic performance
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your feeds Modeling - Context

Effect of changing feed formulation on
 Growth and economic performance
* Environmental impact

- not straightforward to predict /assess

- Assess: digestibility trials (results after 2 months)
growth performance ftrials (results in 3-4 months)

Extrapolation to longer periods 1?

- Predict: experience & common sense ??
bioenergetic models
mechanistic models
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Feed = '
Oxvaen f E Biomass
Yd ‘e Waste
Temperature ~

Inputs ‘ Process ‘ Outputs
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Mathematical description of process, provides
an estimate of the outputs, given the inputs.
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* Bioenergetic models

Based on explicit solutions of simple
growth models

Example: Mayer 2012

Explicit solution to differential equation

assuming allometric growth and a

dependence of growth on accumulated
temperature
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1. Simple equation models:
e.g., Mayer 2012

weighi(t) = (weight, + TGC, xST )1/P

ST(1, temperature(t))

weight® inputs

TGC,
b model parameters
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 Mayer 2012 (in practice...)

temperature(t)

INputs outputs
parameters




Dynamic fish models
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your feeds Dynamic fish models

2. Bioenergetic models:
e.d., Cho & Bureau (1998) - FISH-PRFEQ

weight,

- weight(t)
feed quantity(t) B nodel » retention P,N,E
feed P,N,E waste (t)

Inputs outputs

parameters
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Gross Energy (GE)

l Faecal Loss (FE)

Digestible Energy (DE)

l Excretion loss (BUE)

Metabolizable Energy
(ME)

I Maintenance Heat (HM)
Growth Heat (HG)

Retained Energy (RE)

adapted from Cho & Kaushik (1990)




ARRA]NA WASTEst - Objective

Develop a practical tool to compare the impact of
different fish feed formulations on seabream,
seabass, carp and salmon waste outputs, based on
bioenergetic principles.

Web tool which allows the estimation of P, N and
total waste output uncertainties based on (input)
performance variability, combined with statistical
models that provide plausible confidence intervals
in the case of unavailable (optional) inputs
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INPUTS

feed composition
and digestibility

feed nutrients

WASTEst - Concept

OouTPUT

wasted nutrients }

;
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ARRAINA

INPUTS

feed composition
and digestibility

feed nutrients

WASTEst - Concept

t (in our tool)

ouTPUT

wasted nutrients }

;
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ARRAINA WASTEst - Implementation

INPUTS

feed composition
and digestibility

feed nutrients

http://www.sparos.pt/wastest/
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WASTEst - Example

45% CP
6% Ash
1.5% P

Feed B




ARRAINA WASTEst - Example

45% CP
6% Ash
1,5% P
BW =100¢g

Feed B

Feed A
©
<
=
O
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FBW =250 g A2




ARRA]NA WASTEst - Example

45% CP
6% Ash
1,5% P
BW =100¢g

Feed B

Feed A
©
<
=
O
o)

FBW =250 g A2

FCR = FCR =
1.34, 1.55, 1.45 1.15, 1.19, 1.13
in 3 replicate tanks in 3 replicates PR




WASTEst - Example

Advanced Research Initiatives for
Nutrition & Aquaculture

wastEstvos Introduction Input Results Help About

Fish species Simulation type

| Gilthead seabream - | Mormal (n = 1000)

Gilthead seabream

| European seabass |

Scenario hame

SpPa3args

.
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7 ARRAINA WASTEst - Example

Advanced Research Initiatives for
Nutrition & Aquaculture

wiastbst v0.5  Introduction Input Results Help About

Fish species Simulation type

Gilthead seabream Mormal (n=1000)

Fast (n=200)
Mormal (n=1000)

Scenario name Accurate (n = 50003

SpPa3args

.
I&D ot




Advanced Research Initiatives for
Nutrition & Aquaculture

’ ARRAINA \_ WASTEst - Example

Scenario name

Scenario 1 Scenario 2

Diet composition

Crude protein content (%) Crude ash content (%)
o 5=} B o 8 B £
| LI} I (I} I (B} I (I} I 1 JM (B} | LI} | LI} I | LI} I (B} |J\‘J | (B} | (B} | (B} | LI} I (I} I

16 24 g2 40 48 56 B4 72 B0 10 12 14 16 18 20

Phosphorus content (%) Moisture content (%)
0 B 5 @ B m
| LI} IJ\J I (B} | LI} I LI} I (B} | LI} | LI} I | LI} I\F‘JI (B} | (B} | (B} | (B} | LI} I (I} I

o o5 1 145 2 25 § &5 4 45 § 12 15 18 =1 24 27 @0

SO3aros

.
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“ARRAINA | WASTEst - Example
O it dnaine \

Diet digestibility

Diet type

ADC crude protein (%) ADC phosphorus (%)
-] (65 53] ° 65 00

|"|"|"|"|"|"|~m‘u| |"|"|"|'m‘~_.«1"|"|"|

o 10 =20 g0 40 50 6o 7o B0 g0 100 o 10 20 30 40 50 B0 Foo 80 9o 100

Performance

Provide rearing performance in Excel (xlsx)or Choose file to
text [tut) format. upload

Example files: Excel format [/ text format Explorar | Nerthum -

If data is imported correctly, it should appear in
the takl

A B C
Initial¥eight Final¥eight FCR
100,2 250,4 1,34
120,2 260,4 1,55
110,3 257,5 1,45

A B C
Initial¥eight FinalWeight FCR
98,6 249,7
121,32 235,86
115,5 261,3

.
I&D St




7 ARRAINA WASTEst - Example

Advanced Research Initiatives for
Nutrition & Aquaculture

Diet digestibility

Diet type

e 2

Fremium .DC phosphorus (%)
Standard | 6o 08 88 — o3 fio — 65
) Q) S—

N R
L=} 10 20 30 40 50 G0 yo $0 g0 100

Low-cost

Performance

Prowvide rearing performance in Excel (xlsx)or Choose file to
text (=t format. upload

Examplle Iflles: Excel format ,fltext format . Explorar.. ;
It data is imported correctly, it should appear in

the table below.

InitialWeight FinalWeight FCR
100. =0 250.40 1.34
120. =0 260,40 1.55

110.30 257.50 1.45

.
I&D fascinie
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WASTEst - Example

wastEst v0.5

Fish species

Gilthead seabrearn

Scenario nhame

Feaed &

Diet composition

Crude protein content (%)

° m B

e R
o 8 16 24 3z 40 43 56 64 72 8o

Phosphorus content (%)

|II|IIllullllllllllllllllllll
o o5 1 15 2 25 3 35 4 45 5

Introduction

Input

Results Help

About

Simulation type

marmal (n = 1000)

Crude ash content (%)

||||||||
a 2 4 [ g

10 12

14 16 18 20

Moisture content (%)
« = s = B m
I L I&hul [ | L I [ | L I L | LI |

12 1§

1% 21 24 a2y go

44.00 — 45.00

Done. 100.0%

594 — a.00

__—_

“1&D
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7 ARRAINA WASTEst - Example

Advanced Research Initiatives for
Nutrition & Aquaculture

wasitEst vos  Intreduction Input Results Help About

Sumrnary Total waste I waste F waste Advanced

Calculations finished. A sumrmary of the results is presented below.

Feed A Feed B unit
Total waste 953.53 685.39 lkgfton biomass produced
Ash-free waste 905.54 654.96 kg/ton biomass produced
Ash waste 47.89 30.45 kg/ton biomass produced
N waste [total) 75.14 54.3% kgftonbiomasspmduced
N waste [fecal) 12z .99 7.85 kgftonbiomassprgduced
N waste (mwetabolic) 62.00 46.50 kg/ton biomass produced
P waste (total) 15.88 .57 kg/ton biomass produced
P waste [fecal) 32 .32 kg fton biomass produced

P waste [metabolic) .53 .06 kg/ton biomass produced




'
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Advanced Research Initiatives for

Surmmary

Total waste

Nutrition & Aquaculture

I wasta P wasts

Feed A

WASTEst - Example

Advanced
Feed B

Feed intake
1340 Ky
1440 Ko
1550 Ko

— T

—

—

Retained biomass

1000 Kg

Ash-free waste
Ta1.44 Ko
903.54 Ky

HAsh waste
11.27 Ky
47.89 Kg

— T

Retained biomass

1000 Ko

—

Ash-free waste
588.9 Kg
654.96 Ky

#ch waste %’ Total waste

0 kg 614.29 Ky
3045 Ko B35.39 Ko
61.98 Ko 7558.41 Ky

— —

Total waste
8329 Kg
953.

Total waste

Total ash-free waste Total ash waste

nuishion In
squacubue

“1&



7 ARRAINA WASTEst - Example

Advanced Research Initiatives for
Nutrition & Aquaculture

Summary Total waste | Nwaste | Pwaste Advancad

Feed A Feed B

N intake 7—>‘ Retained N i 7—:} Retained N
95481 kg 3315 Ky ) 36.4 Kg
104.4 kg 29.25 Ky . 2845 Kng
112.7 kg 24.37 Kg BE.54 Kg

%’ Fezal N maste %' Fecal N waste
10.21 Kg 597 Ko
12.99 Ko 785 kKp

% hdetabalic H waste —% Total H waste % Metabolic H waste % Total N waste

49.84 Ky 62.36 Kg 36.03 Ko 4415 Ky
62 Ky 7514 Kg 46.5 Ky 54.32 Ky
7469 Ky 8833 Ko 56.596 Ko G4.3 Ko

M wiaste M fecal waste M metabolic waste
100 -

S Fefor

Feed A anJ B s Feed Feed A Feed B

’
I&D fecine




7 ARRAINA WASTEst - Example

Advanced Research Initiatives for
Nutrition & Aquaculture

Sumrmary Total waste M waste Pwaste | Advanced

FEEdA ceed B

F intake 7% Retained P F intake — ] Retained P
20,05 kg 12.44 Ky 1689 Kg 13.44 Kg
21.85 Ko 5.93 Koy 17.3Kan 5.73Kn
2352 Ky 0.9 Kg 18.03 Kg

%’ Fecal P waste Fecal P waste

849 Ky 6.04 Ky
10.32 Ky 6.52 Ky

%’ hdetabolic P waste — hetabaolic P waste —% Taotal P maste
0 kg 0kKag 345Ky

553 Ko 5.06 Ky 11.587 Ky

1216 Ky 11.08 Kg 17.61 Ky

F wiaste P fecal waste F metabolic waste

’
I&D fecine




7 ARRAINA WASTEst - Example

Advanced Research Initiatives for
Nutrition & Aquaculture

Surnrnary Total waste I waste P vraste Adwanced

Crrerlap between g5% confidence ellipsoids: 0%

Principal Component Analysis Independent Component Analysis

Is the overall waste pattern of Feed A different
from Feed B?

’
I&D fecine




ARRAINA WASTEst - Example

Growth performance
Diet composition

WASTESt

Feed A and Feed B display a distinct waste pattern
Total waste
Ash-free waste
N fecal waste
P fecal waste
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3. Biochemical/metabolic models:
e.g., FEEDNETICS

Based on a “reaction” model

System of differential equations solved
numerically
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A computer application to assess/predict

nutritional and environmental effects on:
Growth
Carcass composition
Environmental impacts

Production (feed) costs
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S
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your feeds FEEDNETICS - a dynamic fish model

Weight (g)

Protein

Lipids

"

6 12 1 24 30
Age (days)
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 FEEDNETICS (in practice...)

Initial

mol.L?

D00
D00
D00

conditions

N -
temperature 1 /\
profile )

+ ]
nutrient I/l \ gut (digested)
inputs

"\ blood

POOLS

S 000
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your feeds Dynamic fish models

 FEEDNETICS (in practice...)

t weight(t)

B - = ‘ composition(t)

temperature(t)
feed(t) ”

waste(t)

INputs outputs
parameters
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Model parameters

Initial fish size

Temperature

Feed ration (feeding table)

Feed composition (protein, lipid, AA, FA)
Feed digestibility (protein, lipid, CH)
Biochemical coefficients for protein & lipid
breakdown, protein & lipid synthesis, etc

Metabolic rate (maintenance)
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Initial body weight: 180 g

3 Diets: 50 CP / 20 CL
o FM => Fish meal based (32%)
o PP60 => 60% of FM replaced
o PP100 => 100% of FM replaced

Trial duration: 90 days
Temperature: 18-24 °C
Ration

o FM: 0.787%BW

o PP60: 0.72%BW

o PP100: 0.72%BW
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g 25 Diet amino acid contents

PP60 PP100

o FM and PP60 meet all estimated AA
requirements for seabream V.

o PP100 slightly deficient in Met
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body AA profiles

SpPa3args

.
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Body weight (g)
400 -

300
200

100

0 | |
40 60
Days of Simulation
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Model Output

Body protein and lipid contents (g)

70
60
50
40
30
20
10

0

20 40 60

Days of simulation

Protein FM
—— Lipid FM
Protein PP60
Lipid PP60
Protein PP100
—— Lipid PP100




Tailoring

your feeds MOdeI OUtpUt

Carcass HUFA (mg/g)

40 60 80
Days of simulation
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FCR and eFCR (€ feed/Kg fish)

- - =PP60 FCR
PP100 FCR

—FM eFCR

—— PP60 eFCR
PP100 eFCR

Days of simulation

Feed costs (€/ton). FM - 1600; PP60 — 1250; |
PP100 - 1100
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Total Solids and N waste(Kg/ton feed)

Jotal N

20 40 60

Days of simulation
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Total P Waste (Kg/Ton Feed)

20 40 60
Days of Simulation
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d{FEEDNETIGSK

DASHEOARD
ADMINIZTRATION
SIMULATION DATA
TRIAL CONDITIONS
FEED & RATION
TEMP & MORTALITY
SIMULATIONS
RESULTS

LOGOUT

SpParos

nutition in
aguaculiure

Web application

& WELCOME JOHN SMITH EWORKING CORMPANY

SR
# Dashboard Simulatian FO50MOA50 ¥ £ Refresh [ Run

’ cked
X ) o e o e

~ T3S simulations 3

~ 1058 FOA0MAOaE0 /012016 010152017 Complete John Smith 16ADI201619.40

o Species: + 42 - Gilthead seabream 9 Trial Conditions: 98 - TSS Trial Conditi... Y Feed & Ration: 114 - FOS0/v0a50 & Temp. & Mortality: 83 - Standard Algarve ...
Created By John Smith Created 16102015 17.57 Updated By John Smith Updated: 16:10/2015 19.33

W Input Simuiation Data & Growth - Average body weight [g]

Initial number of fish [] 1.000,00 fooa

Initial fish body weight [g] 170,00 233 3

| — 400.0
ude uae ross H

300.0
m- 2000

Mew feed composition [ 5000 50,00 20,00 20,00 20,00 20,00 100.0

01ME 026 0316 0416 08ME6  O6ME  07ME 0816 09M6  10ME  11ME 1218

W Summary of Data & Growth - FCR (cumuiative) {-]

Parameter Value

Average hodyweight [g] BY1,15
Total biomass [fons] 0,67
Growth rate (cumulative) (%] 0,38
FZR {cumulative) [] 2,24
Crude lipid [%] 16,23
Total feed cost daily [EUR] 4,32
Economic FCR {cumulative) [ 0,43 0
Economic Protein Efficiency Ratio {cumulative) [EUR/] 0,01 o168 026 036  04M6 086 0BG O7M6 0816 09716 106 116 1218

.

.
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| weight(t)
temperature(t) composition(t)
feed amount(t)  peterministic waste(t)

feed formulation 4 2+ Cost

Compare formulations to optimize feed cost
and growth performance

Compare performance of formulations in
different temperature profiles

Adjust feeding to meet growth targets

Predict effects of restrictive feeding
on growth performance and FCR




ST\ FEEDNETICS in progress

~
AL 1SS A

weight, T weight(t)
temperature(t) composition(t)
feed amount(t) - waste(t)
feed formulation e Cost

« Predict formulation and/or feeding to reach
a given growth target and composition

 Expand to trout and seabass




QO FEEDNETICS in progress

Wisefeed

weight, I TL T weight(t)
temperature(t) . composition(t)
feed amount(t) - ‘o waste(t)
feed formulation ° i+ Cost

IC*AN

- Refine digestion & metabolism modules :csic
 Create a new feed infake module

 Expand to Salmon and Cobia
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Knowledge
Integration

o

Sensitivity analysis
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Nutrl’rional studies

measur/
actihil predict
aSS|CaI Digestibility

omics Growth

m et h 0, d S Retention
Histology

mathematical

models
calibrate + validate
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g 571 Conclusions

* Modelling tools are useful to assess and quantify
the effect of changes in aquafeed formulations
on performance and environmental impact

WASTEst provides waste output estimates based
on incomplete data, but also by making the best
of the data obtained from experiments
o It also gives reliable confidence intervals on
estimations when more detailed data on
nutrient digestibility are available
o It is a valuable tool to compare
environmental impacts of alternative feed
formulations
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g 571 Conclusions

« FEEDNETICS is able to generate a realistic
prediction of concrete scenarios:
o Interactions between feeding level, feed
formulation and water temperature.
o accurately predicts performance differences

due to dietary amino acid imbalances.
o It may be used to optimize feed formulations
and feeding regimes.
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