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Who Grows the Fish?
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Asla 15,401,808 29.5

Europe 2,341,646 3.6

South America 1,461,061 2.2

North America 965,792 15

Africa 952,133 14

Oceania 176,181 0.3




Total Seafood Production (FAO 2010)
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‘ Aquaculture Depends on Fishmeal?

A Feed is one of the most
costly resources in fish
farming

C 65-80% of total cost of
production

A Fishmeal is a major
constituent in production
of fish feed

A Up to 45%

Yilmaz et al., (2004)



‘ Fish Meal and Oil Production
2010 Estimates by IFFO

Whole Fish
13 886

Thousand tonnes —



‘ Aquaculture has become the Dominant
User of Fishmeal among Food Animals

1960 2010
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Omega-3 Demand Now Exceeds
Sustainable Production of Anchovy Oill

Crude Anchoveta Fish Oil Production and Omega-3 Market Demand
(in 000s of metric tons)
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‘ Global Fishmeal and Fish Oil Production

1964-2010 (Tonnes X 1,000)
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World Fishmeal Price at All-Time High
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‘Feeding the Future

N

A Aquaculture production
Industries must consider
non-traditional feed
iIngredients

A Protein meals
A Oil sources

A Options for reducing
feed costs must focus on
formulation strategies to
optimize nutrient
utilization

DSK & Casey:
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Can farming save the last wild food?
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‘ Fishmeal Alternatives

Prime Considerations

Fish spp i Herbivores or Carnivore
Availability of Alternative protein

Nutrient Composition and Density

Protein and Amino Acids Digestibility
Digestible Energy Value f/
Anti-nutritional Factors T

Life Stage of the Fish "\!l
Cost Effectiveness / /\/

o To Do Po Io Do o I»

Tacon, 1994



‘ Rendered Animal Protein Meals

W& Mechanically deboned
meat
Meat and bone meal

Yeast extract




‘Poultry By-Product Meal (PBM)

C Typically contain 66% CP, 13% CF
and 10-18% ash

C Proposed optimum replacement
rates of fishmeal by PBM is red
tilapia 30% (66% FM replacement)

C Deficient in lysine, methionine and
histidine

Fasakin et al., (2005), Laporte et al.(2009)
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Meat and Bone Meal

C 28% (40% FM replacement) in
Gilthead Seabream feed

C Histological liver alterations

C Reduced protein and lipid
digestibility

Feather Meal

C 9.9% (66% FM replacement) in
Nile Tilapia feed

C Poor amino acid profile, poor
amino acid digestibility o

Robaina et al. (1997), Bishop, et al., (1995)
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Hydrolyzed Feather Meal

C Either steam or enzyme treated

C Proposed optimum replacement rates of
fishmeal by enzyme treated Hydrolized
Feather meal for red Tilapia is <66%

C Steam treated is less digestible compared
with enzyme treated,;

C Deficient in lysine and methionine

(Laporte et al.,2007)



m

Blood Meal

C <21.7% (66% FM replacement) for hybrid Tilapia
C Rich in lysine

Deficient in methionine
High digestibility

\

Reduction of visible faeces

O O O O

Highly sensitive to heat damage and drying
conditions with profound effect on protein
digestibility

(Fasakin et al., 2005 and Bureau et al., 2008)



‘ Co-products Alternatives as a
Source of High Quality Nutrients

C Rendered animal protein meals and
plant proteins meals can be effectively
combined supply the ideal amino acid

profile for farmed fish




NCSU Study: Hypothesis

Replacing fishmeal in Nile tilapia feed with
alternative protein by-product meals is feasible.
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Experimental Diets

Experimental Diet

Ingredients Fishmeal | Yeast | Poultry by-| Mechanically
Extract! | product deboned
meal poultry meal
(fermented)
—————————————————— (% of Diet as is basis) ----------------
Soybean Meal 50.80 50.80 50.80 50.60
Corn 12.20 12.20 12.20 11.50
Wheat 25.00 25.00 25.00 25.00
Fishmeal 6.00 - = --
Yeast Extract? -- 6.00 -- --
PBM -- - 6.00 --
MDM -- -- - 6.00
Poultry fat 4.43 4.43 4.43 3.94

INuPro™ Yeast Extract, Alltech Biotechnology, Inc.




Nutrient Yeast Poultry by- Mechanically

Analysis Fishmeal Extract! product meal deboned meal

----------------------- % Composition ------------------------
Dry matter 86.92 87.73 87.37 86.72
Crude Protein 28.9 28.29 30.67 27.03
Crude Fat 6.18 6.31 6.05 7.28
Starch 37.41 38.65 35.22 38.84
ADF 6.57 5.04 6.77 5.32
NDF 8.72 9.33 9.89 9.52
Ash 5.72 5.15 9.95 5.54

INuPro™ Yeast Extract, Alltech Biotechnology, Inc.




Methodology and'Design

Four dietary treatments - Fishmeal (FM, $US1,375/ton);
NuPro yeast extract (YE, $US1,375/ton); fermented
mechanically deboned poultry meal (MDM; $700/ton);
Poultry meal (PM, $318/ton) (Feedstuff, 2010)

2 replicates tanks @ 37 fish per tank for each diet
Pelleted Sinking diets
Fed 3% body weight

Sampling day 15, 34, 72 and 105




ecto letary rReplacement on body

Weight Gain of Juvenile Nile Tilapiat

Dietary 1 15 34 {2 105
Treatment

Fishmeal 92.25+ 0.84 | 133.15% 8.34 | 194.54+ 6.7/8 | 305.28* 3.67 | 448.35* 1.322

Mechanically
deboned 92.82+ 2.64 | 136.18+ 11.5 | 181.76% 7.79 | 282.69+ 7.58 | 411.18+ 11.29b

meat

Yeast
extract 01.09+ 2.43 | 128.44+ 3.44 | 175.14%+ 3.57 | 286.30+ 2.73 | 421.62+ 1.432b

Poultry by-
product 91.75+ 0.49 | 137.66%+ 1.79 | 184.05+ 4.19 | 299.34+ 0.03 @ 437.02%+ 1.272

meal

lValues are means £ SEM; N= 2 tanks/treatment; 37 fish/tank




Effect of the Dietary Replacements on Feed

Conversion Ratio of Juvenile Nile Tilapia |
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Effect of the Dietary Replacement on Protein

| Efficiency Ratio of Juvenile Nile Tilapia
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‘Plant Protein Meals
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‘ Soybean Meal

Advantages

A Protein is well digested by 180-
monogastrics when properly . 1601
processed S 140-

A Fair amino acid balance S 120
C Complements corn % 100-

Common Problems 8 80

A Trypsin inhibitor in under heat- % 60-
processed SBM o 40-

A Carbohydrate fraction notwell 201
digested 0 -
C Raffinose, stachyose,

galactomannans

A Over heat processing reduces
amino acid (esp. LYS) availability AminoAcid




‘Soybean Meal

C Could be used to replaced
fishmeal up to 100% in
Tilapia and Cat fish feed

C 43147% (100% FM
replacement) (extruded
soybean meal/extruded full-fat
soybean) in Tilapia Feed

C Limiting in DL-methionine

C Limiting in L-lysine

Webster et al., (1992), McGoogan and
Gatlin (1995), Goda et al. (2007)



‘ Maximum Inclusion Rates of Soy Protein
In Feeds for Aquaculture Species

% Maximum soy protein from

Solvent
Heat Processed Full- Extracted
Fat Soybean meal @ Soybean meal
Common carp 12 25
Blue tilapia 9.5 20
Channel catfish 9.5 25
Rainbow Trout 17 12
Coho Salmon 9.5 9.5
Atlantic salmon 5 5
Red Drum 6 9.5
Stripped bass 9.5 12
Red sea bream 6 12
Marine shrimp 4 14.5

O Keefe, http://www.soyaqua.org/pdf2/OKeefeFeedIngredientPaper.pdf)



‘Peanut Meal/ Concentrate

r
C 14.8% (30% FM replacemen

A Up to 35% replacement

AThe palatability needs t"' improyed (e
A Protease inhibitors, Iectin"_‘. Lk
A Poor amino acid profile

A Cyanogens, phytic acid, sél
use 7

Schultz et al., (2007), lim et al., (1997)



‘Cotton Seed Meal

C Up to 100% in Tilapia feed as fishmeal
alternative

C Gossypol reduces growth and result in
mortality

C Phytic acid, Phytoestrogens, Antivitamins,/,
Cyclopropenoic acid may limit use
Canola Meal

C 42.5% (60% FM replacement) in Gilthead
Seabream feed

C Relatively low protein and high fibre content

C Glucosinate, Protease inhibitors, Phytic acid,
tannins may limit use

El Sayed et al., (1990), Kissil et al. (2000)



Wheat Gluten

C Can be up to 16.7%
(36% FM replacement)
In Salmon feed

C High protein content and
highly digestible

C Improve water quality
C Usually too costly

Storebakken et al., (2000)



wgm

orn Gluten Meal
CCan be use O
dietary CP) in Tilapia feed

C Poor arginine, histidine and
threonine content

C Lower protein than SBM
C Water instability

C Presence of cartenoids can
turn the flesh of fish to a
yellowish color

Goda et al., (2007)



