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Agquaculture Nutrition: Formulating
Balanced Diets for Aquaculture

Rodrigue Yossa, WorldFish, Penang, Malaysia
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Introduction

MILLION TONNES

FAO, 2018

1950 1955 19a0 1945 1470

0 Coptoreprodocion 1 Apoclreproducion
“Aquaculture is the fastest growing sector in agricultural production globally”

“Aquaculture production represents 47% of the total 171 M tonnes”

ooooooooo

seafood demand of growing world populatlon
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IntrOd U Ctl O n (continued)

Aguaculture Nutrition is now a clear, specific field in the aquaculture
sector/science: there is even a special journal, Aquaculture Nutrition

Dr. Roy Palmer: “every other scientist that | meet is an aquaculture
nutritionist”

- Because feed is still the most expensive input
= (50-70% in semi-intensive and intensive systems).



Aquaculture Nutrition: Opportunities and
Challenges

- Positives changes in aquaculture
nutrition can affect the entire industry

™A FCR m==) Prod. Cost
Make fish more affordable to feed the world

- To indirectly feed people by directly
feeding the fish

Feed === Fijsh === Humans




Aquaculture Nutrition: Opportunities and
challenges
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Agquaculture Nutrition: one challenge-Data
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Aquaculture Nutrition: Nutrient
requirements of fish

A
I 1 I 1

g— —

Conventional (maize,
soybean, fishmeal, etc.)

Lot of Data !!! Quality Assurance on Data?
A

Non-conventional (HPSFM,

Ingredients == . ncentrates, etc.)

Novel / "sexy”

insect meal, SCP
~( ) No regulatory framework for the

po— certification of aquaculturist (fish
Species + Life stage nutritionist versus human nutritionist)
Digestibility -

Formulation ==

Predatory publications (industry,
scientists, journals)

Database + Software

—

Pelleting

Processing —= Extrusion
Non optimum statistics

fommemal v farm made - - Exaggerated conclusions coun |
—— Led by WorkdFish




Aquaculture Nutrition: Nutrient
requirements of fish

NUTRIENT
NUTRIENT REQUIREMENTS R ;{ N\ [TIREMENTS
OF FISH LQUIREMENTDS

1993

18 years

——————————————————

NUTRIENT REQUIREMENTS OF DOMESTIC ANIMALS




Aquaculture Nutrition: Nutrient
requirements of fish

Aquaculture 437 (2015) 344-350

Contents lists available at ScienceDirect

e ¥
Aquaculture

Aquaculture

journal homepage: www.elsevier.com/locate/aqua-online

Short communication

Misuse of multiple comparison tests and underuse of contrast procedures @ .

in aquaculture publications
Rodrigue Yossa **, Marc Verdegem P

2 Department of Biology, Gus R. Douglass Institute, WV State University, Institute, WV, USA
b Aquaculture and Fisheries Group, Wageningen University, Wageningen, The Netherlands

Most of the experimental variable in aquaculture nutrition are quantitative
Ex: level of protein (0%, 5%, 10%, 15% and 20%)
—> The right statistics to be used is the polynomial procedure

| e
\QQG"# Fish
CGIAR .



Aquaculture Nutrition: Nutrient
requirements of fish

Table 2 Final mass, g ficiency ratio (PER) and feed conversion ratio (FCR) of zek anio rerio fed diets sup-

plemented with varig i for 12 weeks .

Pooled
Parameters P-value SEM
Initial mass (g) }
Final mass (g) ) 0.0058 0.017
PER (g g ") .44 0.0257 3.537
FCR* 0.052

*Means with different a row are significantly different (P

'Protein efficiency ratio inal wet mass (g) - initial wet mass (g)) / (Quantify (g) = protein content

of the feed (g g7%))
*Feed conversion ratio FCR (g g~') = (Ingested feed (g) x Dry matter content of feed) / (final wet mass (g) - initial wet mass (g))
0.50 -
0.45 -
0.40 -
0.35 -

y=-0.0187x + 0.4297

y=0.1784x +0.3284

Final body mass (g)
=
[
un
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Aquaculture Nutrition: Nutrient
requirements of fish

Fish growth (g)
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Dietary vitamin A level (mg/ kg diet)

Multiple comparison test

y =-240.3x% + 294.2x + 125.16
r? =0.89834

‘ ¢

Vitamin level-max = 0.61 mg/kg diet

0.2 0.4 0.6 0.8 1
Dietary vitamin A level (mg/ kg diet)

Regression analysis

1.2



Aquaculture Nutrition: Nutrient
requirements of fish

Fish growth (g)

300 -
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25 A

y =142.57x + 135
r*=0.91161

0 0.2 04 0.6 0.8 1 1.2

Dietary vitamin A level (mg/ kg diet)

Regression analysis
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Aquaculture Nutrition: Nutrient
requirements of fish

forecasting
sén strategic | ) clocity pl 4_)
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Sl qv]
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*g aligned 7
database metrics a8, g
efficient performan( C humanize

A lot of Data is very good !

But need to know how to sort them out !

Consider “Quality Data & Relevant Information”!



Aquaculture Nutrition: Nutrient
requirements of fish

Consolidation of data and information on requirements,
ingredients, diets and feeds

Annual (and not every 2

NUTRIENT REQUIREMENTS decades)

OF FISH
1993

National or regional (not
just the US)

ISFNF should have a data
section with metadada

More nutritional modeling

NUTRIENT REQUIREMENTS OF DOMESTIC ANIMALS




Databases

& (& @ iaffd.com Q W .

About Technical Documents FAQ Databases ~ Logout

IAFFD.COM

The International Aquaculture Feed Formulation Database (JAFFD) is an open access, free of charge,
database that provides a potentially valuable tool to aquaculture industry formulators

—
Agquaculture Species Nutritional Feed Ingredients Composition Database
Specifications Database (ASNS) (FICD)

(Ver5.0 upcated October-30, 2019)

B | seseancr
%ﬁ PROGRAM ON

Fish
CGIAR
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Databases

C 8 iaffd.com g .

G
/‘5 About Technical Documents FAQ Databases ~ Logout
24

Our Partners
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2 : ~é’ nutriad

u r\ Nogct,h Dakota

ybean Council ’_\ |

IOWA SOYBEAN Wﬁw becomes INUL"|1/\
ASSOCIATION « /DISSEO

Expanding Opportuwitier. Del

B e,
SZ e

CGIAR

Led by WorkdFish



Databases

re Feed Formulation Database Nutritional Specification Database ﬁ Feed Ingredient Database

Nutrient Specification Database

Fish Species Target Moisture Level of Feed (%) Stage/Live Weight Range (g) Export Report to .CSV

Abalone (Abalone ) - 0 - <5¢ - Include all species & stages

Specification Report

Code Specification Short Name Unit Restriction Type Value
PADZ Moisture Hz20 % Minimum 0
PADZ Crude Protein cP % tMinimum 31.58
PAC4 Crude Lipids LIFID % Minimum 5286
PAOS Crude Fibre CF % Maximum 0.00
PAOG Ash ASH % Maximum 0.00
PAOT NFE NFE % fMaximum 0.00
PAGS NDF NDF % Maximum 0.00
PAOS ADF ADF % Maximum 0.00

ESEARCH

PAT1 Starch STARC % Minimum 21.05 RoeaaM ow

Led by WorkdFish
A DT ae M O Fim b [a1n] LT B i e AN AN



Databases

re Feed Formulation Database Nutritional Specification Database ﬁ Feed Ingredient Database

Nutrient Specification Database

Fish Species Target Moisture Level of Feed (%) Stage/Live Weight Range (g) Export Report to .CSV

N-Tilapia-Regular (N-Tilapia-Reg 10 - 50-200 g (Pre-grower) - Include all species & stag

Specification Report

Code Specification Short Name Unit Restriction Type Value
PADZ IMoisture H20 % tdinimum 10
PAO3 Crude Protein CP % Minimum 35.05
PAC4 Crude Lipids LIPID % Pinimum 5.68
PADS Crude Fibre CF % Maximum 0.00
PACG Ash ASH % faximum 0.00
PAOT NFE NFE % Maximum 0.00
PAOS MDF NDF % Maximum 0.00
PAC9 ADF ADF % Maximum 0.00
PAT1 Starch STARC % Pinimum 15.16

R —

S5

Led by WorkdFish



Databases

Rodric

»m/nutrients.html?v=4.3

Formulation Database

Nufritional Specification Database Feed Ingredient Database

@ PLATT | @ TheFu | i rodyo: | [l Logou | I3 Schol: | @ (@) & | [ Linkec | M Boite« | @ AlAb | [ Blurd: | @ 1AFFD © Ag x +

Nutrient Specification Database

Fish Species

Common Carp-Regular (Comme

Target Moisture Level of Feed (%) Stage/Live Weight Range (g)

10

- 500-1500 g (Finisher) -

Export Report to .C5V
Include all species & stages

Specification Report

Code

PAOZ

PAQOZ

PAO4

PAOS

PAOG

PAOT

PAOS

PAQO9

PAT1

Specification
Moisture
Crude Protein
Crude Lipids
Crude Fibre
Ash

NFE

NDF

ADF

Starch

Short Name

Hz20

CP

LIPID

CF

ASH

MNFE

NDF

ADF

STARC

Unit | Restriction Type
%o Minimum
%o Minimum
% Minimum
% Maximum
% Maximum
% Maximum
% Maximum
%o Maximum
%o Minimum

10
25.58
9.47
0.00
0.00
0.00

0.00

DGO L& RESEARCH

-."':;.Aﬂf PROGRAM ON
& | Fish
18.95 CGIAR
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Databases

ure Feed Formulation Database Mutritional Specification Database ﬁ Feed Ingredient Database

Nutrient Specification Database

Fish Species Target Moisture Level of Feed (%) Stage/Live Weight Range (g) Export Report to .CSV

Adrican Catfish (African Catfish ¥ 10 - 5-50 g (Fry) - Include all species & stag

Specification Report

Code Specification Short Name Unit | Restriction Type [llValue
PAO2 Moisture H20 % Minimum 10
PAO3 Crude Protein CP % Minimum 35.05
PAG4 Crude Lipids LIPID % finimum 9.47
PAOS Crude Fibre CF % Maximum 0.00
PACG Ash ASH % faximum 0.00
PAOT NFE NFE % Maximum 0.00
PACS NDF NDF % faximum 0.00
PAOS ADF ADF % Maximum 0.00
PAT Starch STARC % Minimum 14.21

=== | PROGRAM ON
NZ | Fish
CGIAR
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Databases

International Aquaculture Feed Formulation Database

Nufritional Specification Database

g Feed Ingredient Database

Feed Ingredient Composition Database

Export Report to .CSV

lﬁhnw 25 ~ | entries | SLSarch:

Ing_Code =  Ing_Descr_E +  Dry Matter(%) ¥ Moisture(%) 3 Crude Protein(%) v Crude Lipids(%) s Crude Fibre(%) s Ash(%) ¥
10000 Fish meal. India. 74% CP 90.80 9.20 7416 4.97 0.50 10.00
10001 Fish meal, Chile, 4% CP 92.00 8.00 63.60 8.40 0.50 15.60
10002 Fish meal. Peru, 67% CP 93.90 6.10 66.95 11.50 0.00 15.40
10003 Fish meal, Danish, 70% CP 92.50 7.50 70.69 9.74 0.30 11.70
10004 Fish meal, Thailand, 55% CP 91.80 8.20 55.00 6.00 0.50 30.00
10005 Fish meal. 55% CP 90.00 10.00 54.04 8.73 065 23.77
10006 Fish meal, 65% CP 90.20 9.10 63.85 8.14 0.20 18.68
10007 Fish meal, 70% CF. low temperature 92.00 8.00 70.00 10.00 0.00 12.00
10008 Fish meal, Alaskan pollock, processing waste 94.40 5.60 69.00 7.60 0.50 17.30
10009 Fish meal. anchovy 91.90 8.10 66.95 5.83 0.70 15.40
10010 Fish meal, cod, processing waste 92.00 8.00 70.20 5.60 0.00 16.20

R —

S5

Led by WorkdFish




Databases

Feed Ingredient Database

Export Report to .CSV

Show | 25 - len Search

Ing_Code *e* Ing_Descr E =  Dry Matter(%) ;  Moisture{%) ;  Crude Protein{%) 7  Crude Lipids(%) = Crude Fibre(%) 3 Ash{%): NFE(%]): MNDF%); ADF%): TotalCHO{%): Starch{%); Sugars(%)s; GressE

10000 Fish meal, India, T4% CF 80.20 eI 7418 447 0.50 10.00 147 0.00 0.00 187 0.00 0.00 mTz

10001 Fish meal, Ghile, 4% CP 82.00 200 §3.60 2.40 0.530 15.60 380 0.00 0.00 4.40 0.00 0.00 18.03

10002 Fish meal, Peru, §7% CP g3.00 6.10 56.95 11.50 0.00 15.40 0.05 0.00 0.00 0.05 0.00 0.00 2029

10003 Fish meal, Danish, 70% CF g2.50 750 7050 g74 0.30 1.70 o.08 0.00 0.00 0.38 0.00 0.00 20.54

10004 Fish meal, Thailand, 55% CP 81.80 820 55.00 G.00 0.530 30.00 0.30 0.00 0.00 0.30 0.00 0.00 15.46

10005 Fish meal, 33 20.00 10,00 54.04 873 0.85 2377 3 0.00 0.00 148 0.00 1.00 16.76

10008 Fish meal, 63 2020 .10 63.85 214 0.20 1868 002 0.00 0.00 0.22 0.00 0.00 1828

10007 Fish meal, 70% CP, low temperaiure g2.00 200 T0.00 10,00 0.00 12.00 0.00 0.00 0.00 0.00 0.00 0.00 20.42

10008 Fish meal, Alaskan pollock, processing wasts B4.40 580 G8.00 T.60 0.50 17.20 0.00 0.00 0.00 0.50 0.00 0.00 18.33

10009 Fish meal, anchovy g1.e0 210 G66.95 883 070 15.40 0.01 0.00 0.00 0.71 1.00 0.00 1037

0010 Fish meal, cod, processing waste g2.00 £.00 T0.20 580 0.00 16.20 0.00 0.00 0.00 0.00 0.00 0.00 1875

10011 Fish meal, freshwater alewife 83.00 700 85.70 1270 0.00 14.60 0.00 0.00 0.00 0.00 0.00 0.00 20.45

10012 Fish meal, herring, 70% CF 2250 7.50 T0.50 0.30 11.70 008 0.00 0.00 0.38 0.00 0.00 20.54

10013 Fish meal. macksre| 83.50 6.50 67.25 10.65 0.25 15.06 0.30 0.00 0.00 0.55 0.00 0.00 012 -

3

Showing 1to 25 of 462 entries Previous 1 2 3 4 5 19 Next

R —

=== | PROGRAM ON
NZ | Fish
CGIAR
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Formulation

&3]

DIET-FORMULATOR [Compatibility Mode] - Excel

Insert Page Layout Formulas Data Review i Q Tell me what you want to do... Yossa, Rodrigue (WorldFish) ,q_ Share
(] £—21

‘.D o Cut Arial -0 - A A == = &~ E—f‘WrapText General - |::=—| D ’_? EEIEE' Ex IEI 2 AutoSum - éY p

Past EBCOW' [ 0 00 Conditional Fi pt Cell Insert Delete F t EFiII' Sort & Find &
= = = [ | |
av € ~ Format Painter ERERUS - D e EEE Merge & Center ~ % | o o Fo‘::nalt;&n;, ?r:aae.as StyI;' nsve ev : orrna & Clear~ Fi‘ljter' S;Tect'
Clipboard [} Font ] Alignment ] Mumber ] Styles Cells Editing -
A5 ~ Jx ~
A B | c | D | E | F | G | H | | | J | K | L | M | N | o P L Q | R | S | T | U [«

1 |1) Insert new ingredient and its composition and current cost in one raw at the right categary in the current list in the sheet "Database”
2 |2) Select the ingredients of interest by entering their number in the column B of the "database” sheet
3 |3) In the " Diet Caculation” sheet, insert the number of the ingredients that you would like to use to formulate your diets in the column A and the corresponding amount you want in the feed in coloumn C
4 |4) See the result (feed formula) in the colomns E-J, rows 39-108 of the "Diet calculation” sheet
5 + L]
a_
?_

8_

9_
10|
11
12 |
13
14 |
15 |
16 |
17 |
18 |
19|
20|
21
22_
23|
24 |
25 hd

Read me | Database | BLANK | Diet Calc | ® [] »

R —
% ?ﬂg PROGRAM ON

Fish
CGIAR
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Formulation

DIET-FORMULATOR [Compatibility Mode] - Excel Eal
Insert Page Layout Formulas Data Review View Q Tell me what you want to do... Yossa, Rodrigue (WorldFish) ,Q,_ Share
=3
"D E?;-‘C”t Arial -l - @ . p
Paste 8 Copy . Insert Delete Format Al Find &
- ' Format Painter . . o £ Clear~ Select =
Clipboard [} Font Alignment Mumber Styles Cells Editing -
D101 & fe Palm cake &
A B c D E F G H | J K L M N 0 B Q -
9 87|Cholesterol 90.0 0.0 39.0 38.0 0 0 39.0 0 0 0 0 0 0
92 88|CMG 90.0 0.0 0 0 0 0 0 0 0 0 0 0 0
93 89|Lecithin - Soy (T0%) 97.0 0.0 28.6 28.0 0 0 70.0 0 23 3 0 0 0
94 90|Limestone 95 95 0 0 0 0 0 0 0 0 0 0 0
95 91| Salt (NaCl) 95 90 0 0 0 0 0 0 0 0 0 0 0
96 92|Trace mineral premix 90.0 38.0 8.0 2.0 8.0 2.0 0.5 4.0 0 0 0 0 0
97 93|Vitamin C 90.0 53 167 11.8 13.5 12.1 2.0 3.0 0 0 0 0 0
98 94|Vitamin premix 90.0 53 156.8 11.8 13.5 12.1 3.9 3.0 0 0 0 0 0
99 95|WATER 0 0 0 0 0 0 0 0 0 0 0 0 0
100 96
101|New ingredients 97| Palm cake 93.0 41 18.1 2313.0 16.3 8.9 16.9
102 98|Maize bran
103 99| DL-Methionine 98.0 0.0 226 21.0 90.0 95.0 0.0
104 100|L-Lysine 95.0 1.0 1.7 20.3 86.0 95.0 0.3
105 101|Acid insoluble ash 95.0
106 102|L-Glutamic acid 98.0 0.0 231 229 98.0 99.0 0.0
107 103|L-Threonine 98.0 0.0 21.8 18.2 78.1 99.0 0.0
108 104
109 105
110 106
111 107
112 108
113 109
114 110
115 111 hd
Read me | Database | BLANK Diet Calc @ ] 3
Ready Average: 106.0602564 Count 46 Sum: 4136.35 ﬁ EI = 1 + 100%

| e
=[F

Fish
CGIAR



Formulation

DIET-FORMULATOR [Compatibility Mode] - Excel

Eal

Insert Page Layout Formulas Data View Q Tell me what you want to do... Yossa, Rodrigue (WorldFish) Q,_ Share
=3 c
&D EJ‘{)CUt Arial -0 - Nrap Text mbe Autesum = p
Paste %Copy . Merge & Center . Conditional Format a Insert Delete Format Al Sort & Find 8
- Format Painter ) Formatting =  Table v = Clear~ Filter = Select =
Clipboard ] Font Alignment MNumber Styles Editing
A5 Fe
A B c D E F G H | J K L M N o] P Q R S T V]
1 Diet
2 Ingredient Description amount  Analysis of ingredient expressed on an "as-used’ basis
3 |Number kg oM Ash GE DE CP DcP Lipid Fibre 18:2n-6 18:3n-3 20:4n-6 20:5n-3 22:6n-3 En3 Enbé EIPL CHOL ASTAX AR
4 0 60 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 0 10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 0 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
[ 0 10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9 ] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
" 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
14 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
14 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16 ] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
17 ] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
18 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
21 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
23 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
24 ] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
25 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Read me | Database | BLANK | Diet Calc ®
— B Mo+ 00
Eakééﬁj RESEARCH
PROGRAM ON
\‘{QG’:’ Fish

CGIAR
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Formulation

Lysine diet 1 in Penang [Compatibility Mode] - Bxcel =
Insert Page Layout Formulas Data i Q@ Tell me what you want to do... Yossa, Rodrigue (WorldFish) (Q'_ Share
o X Cut i r=t -
M o Arial -0 - @ p
ER Co - ¥ Fill -
Paste & Copy . Insert Delete Format Find &
- ¥ Farmat Painter - - - € Clear - Select ~
Clipboard P Font Alignment MNumber Styles Cells Editing A
c4 S/ e 20 A
=) E c (] E F G H | ) K L [ V] o F Q F 5] T u W W b ' Z ara fal=] AC AD BE AF AG AL
1 Diiet
2 |Ingredient Description amount  Analysis of ingredi p ed on an " d” basis
2 | Number k. ora Aszh GE OE CP OCF  Lipid  Fibre  18:2n-8 18:3n-3 20:4n-8 20:5n-3 22:6n-2 En-2 In6 EPL CHOL ASTAX ARG HIS ILE LEU LYS MET M.C PHE P.T THR  TRY WAL Ca
4 I 52 lersibrewers §l E %E! 93.00 4.00 1750 .80 2700 z21 o0 1200 150 010 0.00 0.00 000 0.10 160 0.50 Q.00 0.00 130 050 200 320 0.85 0.45 0.83 180 360 100 037 170 0,
[} 33| Gluten [corn) g2.490 170 2200 2100 BRI ERED 200 140 0.00 .00 0.00 000 oo 0.00 .00 E.00 .00 0.00 181 116 284 n7E 0.47 127 230 418 TES 212 0.25 an 0.
3 44| Sogbean meal [48 solv 23| 8800 B30 I7E0 1250 4800 4415 300 300 113 026 000 000 Q00 025 1z 200 026 000 345 121 203 353 276 064 130 236 403 172 073 215 O
T [1] .00 0.00 0.00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.0 .00 0.00 0.
g 50| Corn [7.5% CP] 770 120 1E80 240 230 E40 4.00 240 191 0.0 0.00 000 oo 0.08 1492 0.50 .00 0.00 034 023 0.26 047 o 018 0.34 036 0EE n.2g 0.08 0.35 0.
El 63| Wheat bran 88.70 530 1750 T.00 1m0 a.00 220 &0 0.00 .00 0.00 000 oo 0.00 .00 110 .00 0.00 114 043 043 104 061 027 0439 073 122 043 015 0.53 i)
10 [1] .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.0 .00 0.00 0.
1 66 | Canola oil 0000 000 3700 3650 000 000 10000 000 2030 930 000 000 000 930 2030 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 0
12 70| Fish oil 100.00 000 3300 3850 000 0o 100,00 .00 376 087 059 Th2 980 1820 450 10,00 060 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.0 .00 0.00 0.
12 [1] .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.0 .00 0.00 0.
" 86 | Dicalcium Phosphate 85.00  35.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.0 .00 oo 23
15 92| Trace mineral premiz 8000 3800 200 2.00 800 200 080 400 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.0 .00 0.00 B,
% 93| ¥itamin C 9000 530 1570 180 1350 1210 200 300 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 o0
17 34| ¥itamin premiz 50.00 530 1575 .80 1350 1210 340 300 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 o7 016 368 E.75 4.00 118 270 430 T80 345 095 5.00 0.
18 $9 | Lecithin - Soy [702) g7.00 000 2280 2200 000 ooo 7o.00 ooo 2340 284 0.00 000 oo 0.00 000 ee00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.0 .00 0.00 0.
13 99 | DL-Methionine 98.00 000 22E0 2102 3000 8500 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 000 g3.00 0.00 000 oo 0.0 .00 0.00 0.
20 95.00 100 2172 2029 8600 9500 030 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 ooo 400 .00 0.00 000 oo 0.0 .00 0.00 0.
21 9500 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 o
22 98.00 000 2313 2283 3300 9300 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.0 .00 0.00 0.
23 103 [L-Threonine 48.00 000 280 320 Tai0 9300 0.00 a.ad 0.00 .00 0.00 000 0ad 0.00 a.ad 0.00 .00 0.00 000 0ad 0.00 a.ad 0.00 .00 0.00 000 000 9600 a.ad 0.00 Q.
24 [1] .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.0 .00 0.00 0.
26 [1] .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.0 .00 0.00 0.
26 [] 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 0
27 [1] .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.0 .00 0.00 0.
23 [1] a.ad 0.00 .00 0.00 000 0ad 0.00 a.ad 0.00 .00 0.00 000 0ad 0.00 a.ad 0.00 .00 0.00 000 0ad 0.00 a.ad 0.00 .00 0.00 000 0ad 0.00 a.ad 0.00 Q.
23 E| .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.0 .00 0.00 0.
30 a .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.0 .00 0.00 0.
H EII .00 0.00 Q.00 0.00 0.00 000 0.00 .00 0.00 Q.00 0.00 0.00 000 0.00 .00 0.00 Q.00 0.00 0.00 000 0.00 .00 0.00 Q.00 0.00 0.00 000 0.00 .00 0.00 0,
3z 1] .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.0 .00 0.00 0.
33 1] a.ad 0.00 .00 0.00 000 0ad 0.00 a.ad 0.00 .00 0.00 000 0ad 0.00 a.ad 0.00 .00 0.00 000 0ad 0.00 a.ad 0.00 .00 0.00 000 0ad 0.00 a.ad 0.00 Q.
4 [1] 1] .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.0 .00 0.00 0.
36 [1] a .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.00 .00 0.00 .00 0.00 000 oo 0.0 .00 0.00 0.
36 [1] 1] .00 0.00 Q.00 0.00 0,00 000 0.00 .00 0.00 Q.00 0.00 0,00 000 0.00 .00 0.00 Q.00 0.00 0,00 000 0.00 .00 0.00 Q.00 0.00 0,00 000 0.00 .00 0.00 0.
v TOTAL 100
38 Copy of current calcul n
39 INGREDIEMT INCLUSIORN -
Read me Database BLAMK Diet Cale ) [l *
Select destination and press EMTER or choose Paste @ EI ] + 6%
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Formulation

Lysine diet 1 in Penang [Compatibility Mode] - Excel =
Insert Page Layout Formulas Data Review View Q Tell me what you want te Yossa, Rodrigue (WorldFish)
-y =31 .
D J Cut Arial - - Nrap Text £ EI p
ER Copy ~ - 7] I
Paste < . Conditional Format as Insert Delete Format Sort & Find &
- Format Painter Formatting~ Ta b b b = Fi Select ~
Clipboard [P Font Alignment Mumber Styles Cells Editing S
ca b B || 20 -

A E c ] H | J kK L 1 ] o P e} (5] S T u v W il s Z Lty AB AC AD AE AF AG AL
36 of 0 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 1}
ar TOTAL | 100
32 Copy of current calculation
29 INGREDIEMT IMCLUSION
40 DMz Diztillersdbrewers grain 20f 21234
4 Ashi Gluken [corn) 15
4z GE M.Jilkg [ Soubean meal (42 solv) 231
43 0
44 (] FEd
45 ‘wheat bran
46 i
47 Canola oil
42 LOA [18-2n-6])5< K Fish oil
43 LNA [18-3n-3)5< 4 i
50 ARA [20:4n-6)3¢ 02 Diicalcium Phosphate
51 EPA [20:5n-3)3¢ .23 Trace mineral premis 1
52 DHA (22-6n-3)% 23 Witamin & (K|
53 Total n-3% EE] Witamin prermis 0.75]
54 Total n-6% .85 Leithin - Soy [7d] 0.5
55 n3:nb 50 DL-Methionine 0.35
13 Total phospholipid 26 L-Lysine |
&7 Cholesterolsc 08 Acid ingoluble ash |
53 Astazanthin [mglkg) .00 L-Gilutamic acid 12
53 Arginines .52 L-Threcnine 0.25
:11] H iness 63
E1 soleucines 42
E2 Leucines
E3 Lysines
E4 Methionines
EE MO
EE Phenglalanines:
BT P+Tx
B3 hreonines .
E3 ryptophans L3
70 alines 45
T Cax LT
72 Available P [X:]
T3 COSTikg TOTAL 10
T4 hd
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Practicals

Formulate 2 tilapia feeds using 8 ingredients available in your
country, at the life stages of 50-200 g and 500-1500 g respectively.



Practicals

Formulate 2 African catfish feeds using 8 ingredients available in
your country, at the life stages of <5 g and 50-200 g respectively.



Thank You
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