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Sustainable aquaculture in a growing population?



Contribution of Asian countries in fish production (1)

FAO, 2015



Contribution of Asian countries in fish production (2)

FAO, 2015



Increasing pressure from the wild for fishmeal



Aggressive research on alternative nutrient sources 

for fish feeds.



•75% KFM replacement of FM
•Improved weight gain & feed 
intake
•Normal hepatic 
histopathology

Knife fish meal - Tilapia



•Replace 40% of FM
•Growth, FCR, survival & PER not 
affected. 

Protein enhanced copra meal - Shrimp



Protein enhanced copra meal - Milkfish



•Replacement of soybean from 
13-17% in the diet

Various plant protein- Seabass



Digestibility studies - Seabass





Feed pea - Milkfish



Defatted Soybean Meal - Snapper





Water hyacinth - Shrimp





Marine annelids - Shrimp



Inclusion level of up to 
45% indicates no 
significant difference in 
growth  to abalone fed 
seaweeds.

Leaf meals - Abalone



Inclusion level of up to 5.6%  as a source of  
lipid in formulated diets for abalone.

Thraustochytrid - Abalone



Blend of alternative ingredients - Shrimp



•Combination of snail + cassava / maize as the source of protein and 
energy, respectively.



Hydrolysates (Tuna by-product)- Sea bream

Improved :
•Digestibility
•Enzyme activity
•25% inclusion level
•Blood plasma indcators



Hydrolysates (Milkfish by-product)- Grouper



Distiller’s dried grains solubles - Milkfish



•45% inclusion level in milkfish diets 
to replace soybean meal
•N.S. effect on growth & feed 
efficiency
•Normal liver & intestine histology



• A great volume of agricultural wastes are generated, causing a serious disposal problem
• Options to their efficient utilization with minimal additional processing (e.g., fermentation) are 

needed to reduce the environmental problem
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A-B pineapple peels; C sugarcane bagasse; D okara meal; E-F citrus pulp and seeds
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Use of plant-protein sources in tilapia diets for 

improved production traits



Effects of mango peel silage supplementation on growth and fry 

production of tilapia broodstock



• Contains 39.72-42.38% crude protein

• Heavily concentrated with carotenoids which are 

important for reproduction
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Effects of replacing fishmeal with soybean curd 

residues on performance of tilapia fingerlings

Soybean curd can be fed for up to 45% inclusion level 

replacing fish meal
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Effects of dietary supplementation of citrus peel (CPE) and 

citrus pulp (CPU) on performance of tilapia fingerlings



Crops Production

(in tons)

Type of Wastes Amount 

(in tons)
Mango1 3,600-4,800 peels, kernel, seeds 1,800-2,400

Calamansi1 2,700-3,150 peel, pulp, seeds 1,755-2,047

Pineapple1 210 bran, peels 105-126

Sugarcane2,3 24,859,027 bagasse, filter cake, 9,175,010

470,229 molasses 172,544

Papaya1 60 pomace, seeds 30-36

Soybean4 1.5 okara 1.5 

1Data obtained from a Fruit Processing Plant in Guiguinto, Bulacan
2SRA Annual Synopsis: Philippine Sugar Factories’ Production & Performance Data 2012-2013
3Data obtained from a Sugar Central in Balayan, Batangas
4Data obtained from cottage industries in Binangonan, Rizal 

Volume of wastes produced among major agricultural crops during the 2014-2015 seasons

Large amount of agricultural wastes and by-products (AWB) were 

generated from the major agricultural crop industries



Agricultural wastes 

and by-products

% Dry matter

Moisture Crude 

Protein

Crude 

Fat

Crude 

Fiber

NFE* Ash

Sugarcane bagasse 6.27 2.83 0.46 33.90 55.39 7.43

Pineapple peel 6.28 4.27 0.61 9.53 81.41 4.19

Banana peel 3.19 6.44 7.41 8.02 63.33 14.81

Citrus pulp 8.09 9.28 1.30 16.00 67.32 6.11

Citrus peel 7.59 11.50 0.72 13.90 65.69 8.20

Citrus seed 1.38 15.71 31.49 8.33 39.83 4.64

Citrus, whole 2.90 11.22 2.91 10.67 69.70 5.51

Mango peel 6.25 5.93 2.15 10.95 78.06 2.93

Mango kernel 5.19 2.53 2.94 3.65 88.34 2.55

Okara 4.54 25.31 12.85 12.99 45.14 3.72

*Nitrogen Free Extract

Nutritional composition of AWBs showed their potential 

either as protein or energy sources in tilapia diets



Agricultural wastes

and by-products

Pesticide residue levels (mg/kg)*

Organochlorines Pyrethroids Organophosphates

Sugarcane baggase <LOQ <LOQ <LOQ

Pineapple peels <LOQ <LOQ <LOQ

Mango peels <LOQ 0.14‡ <LOQ

Banana peels <LOQ <LOQ <LOQ

Citrus peels 0.04† <LOQ <LOQ

*Limit of Quantification (LOQ) is 0.01 mg/kg
†Chlorpyrifos and ‡Lamba-cyhalothrin
Maximum residue limits (MRLs) for mango (0.2 mg/kg) and citrus (1 mg/kg) (FAO Codex 
Alimentarius)

Pesticide residue levels in mango peels and citrus peels 

had exceeded the limit of quantification, but they were 

still lower than the MRLs set by FAO Codex Alimentarius



Agricultural wastes and 

by-products

ANFs (%)

Tannin Phenols Saponin Lignin Alkaloid

Banana peel 0.20 0.39 - 41.11 0.36

Citrus seeds 0.29 0.66 0.09 47.45 1.10

Citrus peel 0.20 0.71 - 31.97 0.61

Citrus pulp 0.18 0.71 - 24.94 0.15

Mango kernel 0.28 11.31 - 15.42 3.90

Mango peel 0.61 ND 3.00 29.00 16.00

Okara meal 0.11 0.60 0.25 41.49 0.11

Pineapple peel 0.11 0.53 - 21.29 0.16

Sugarcane baggase 0.20 1.93 - 41.49 0.71

The limitations to use agricultural wastes and by-products as feed 

ingredients were associated with the high levels of lignin, saponin

and phenols but these ANFs can be reduced by fermentation 

process 



Lupin

Cowpea

Alternative Ingredients

Ingredients:Species: Levels

Green pea

Soybean meal



Cricket mealMaggot Golden snailPoultry by-product



Complication in amino acid profile (1)

A. Oliva-Teles et al., 2015



Complication in amino acid profile (2)

A. Oliva-Teles et al., 2015



Improvement of feeding and feed management efficiency 

in aquaculture production in the Philippines 
DA-BFAR & FAO-UN; 2014

Output 1: Baseline information on feed ingredient supply and 

availability, nutritional requirements, feed formulation for Nile tilapia 

and milkfish farms in the Philippines are collected. 

Output 2. High quality and cost-effective feed formulations for 

different life stages (fry, fingerlings and on-grower) of Nile tilapia and 

milkfish and improved capacities for small- to medium scale feed 

manufac-tures to produce safe and appropriate semi-commercial 

and commercial aquafeeds are developed. 



Output 3: Good on-farm feeding practices and feed management 

strategies are developed/ optimized and government extension 

workers and farmers are trained 

Output 4: Development and promotion of national feed standards 

for tilapia and milkfish and appropriate institutional and 

regulatory frameworks for aquafeed (including feed additives and 

quality standards) manufacturing, quality control and distribution 

and policy recommendations to the government for sup-porting 

the sector development. 





(1) Processing of alternative ingredients to improve nutrient 

quality

Overcoming the constraints



(2) Recovery and utilization of fisheries processing waste should 

be encouraged and increased.



(3) Scientific information on nutritional requirements of farmed 

fish species, and feed ingredients  and the interaction 

between fish and diet.



(4) Promoting herbivorous species for aquaculture

A 40- 60 % protein requirement & 

12% lipid requirement.

A 20-30% protein requirement 

and can efficiently utilize 

alternative protein.



•Reduce use of fish meal & fish oil

•Efficient conversion of nutrient inputs

•Environmentally sensible

•Sustainable


