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Fish Discards 

 Fish discard batches 

● Fresh x Lean 

● Frozen x Lean 

● Fresh x Fatty 

● Fresh x Mix 



Fish Silage Preparation 

 Grinding 

● Sampling of controls (not treated) 

 Production of an acid silage 

● Mixing (per small quantity until ±10 kg) 

● Acid (2.0-3.5%) 

● Anti-oxidant (0.5%) 

 Storage (2 duplicate closed buckets of ±4-5 kg each) 



Experimental Setup and Analyses 

T=0 (17/06/15) pH Yeast Mould Enterobacteria Clostridium Lactobacillus E.coli Salmonella Listeria TVN (%) DS%

T=2 days (19/06/15) pH Yeast Mould EnterobacteriaLactobacillus

Week 1 (18-23/6/15) pH

T=1 week (24/06/15) pH Yeast Mould Enterobacteria Clostridium Lactobacillus E.coli Salmonella Listeria TVN (%) DS%

T=1 month (15/07/15) pH Yeast Mould Enterobacteria Clostridium Lactobacillus E.coli Salmonella Listeria TVN (%) DS%

T=3 months (09/09/15) pH Yeast Mould Enterobacteria Clostridium Lactobacillus E.coli Salmonella Listeria TVN (%) DS%

T=6 months (02/12/2015) pH Yeast Mould Enterobacteria Clostridium Lactobacillus E.coli Salmonella Listeria TVN (%) DS%

T0=0 (17/06/15) DM [CP] TN NPN WSN AA AC [GE] CF M2A FA

T1=1 week (24/06/15) DM [CP] TN NPN WSN AA AC [GE] CF M2A

T1=1 week (24/06/15) In vitro Dig. Minerals Heavy M

T2=3 months (09/09/15) DM [CP] TN NPN WSN AA AC [GE] CF

T2=3 months (09/09/15) In vitro Dig. Minerals Heavy M

T3=6 months (02/12/2015) DM [CP] TN NPN WSN AA AC [GE] CF M2A FA

T3=6 months (02/12/2015) In vitro Dig. Minerals Heavy M

SELKO

IMARES
LR (-20

o
C)

Furacid (%)

Fish discard type Groups Duplicates 0 2 2.5 3 3.5

Fresh x Lean A a

b

Frozen x Lean B a

b

Fresh x Fatty C a

b

Fresh x Mix D a

b



Results: nutritional composition at T=0  

Control  Fresh & Lean Frozen & Lean Fresh & Fatty Fresh mix 

 
 
Moisture content (%) 77.7 78.5 76.0 78.5 

 
Fat content (%) 

3.0 3.0 5.7  1.9  

 
Ash content (%) 4.3 4.1 2.9  4.4 

 
 
Malon - dialdehyde  ( ug /g)  3.0  4.3  154.8  9.0  

 
 
Total nitrogen content (%) 

2.5 2.4 2.5 2.6 

 
 
Non-protein bound nitrogen 
(%) 1.0 1.1 1.2 0.6  

 
 
Water-soluble nitrogen (%) 1.8 1.7 1.8 1.6 



Results: nutritional composition at T=1 week  

2% 2.5% 3% 3.5% 

 
Fresh  

&  
Lean  

 

 
Moisture content (%) 77.0 77.3 77.3 76.1 

Fat content (%) 2.8 2.9 2.7 2.9 

Ash content (%) 3.7 3.9 3.7 4.1 

 
Malon - dialdehyde  ( ug /g)  5.3  2.9  3.8  3.9  

 
Total nitrogen content (%) 2.5 2.6 2.5 2.5 

 
Non-protein bound nitrogen (%) 1.4 1.4 1.4 1.4 

 
Water-soluble nitrogen (%) 1.5 1.8 1.6 1.6 

 
Frozen  

&  
Lean  

 

 
Moisture content (%) 76.3 77.6 77.4 77.0 

Fat content (%) 3.1 1.8 2.0 1.8 

Ash content (%) 4.2 4.3 3.7 3.9 

 
Malon - dialdehyde  ( ug /g)  3.8  8.0  18.8  34.8  

 
Total nitrogen content (%) 2.5 2.5 2.6 2.6 

 
Non-protein bound nitrogen (%) 1.4 1.3 1.4 1.7 

 
Water-soluble nitrogen (%) 1.6 1.5 1.6 1.9 

 
Fresh  

&  
Fatty  

 

 
Moisture content (%) 74.5 74.3 74.2 74.2 

Fat content (%) 5.7 5.8 5.8 5.7 

Ash content (%) 2.8 2.7 2.9 3.1 

 
Malon - dialdehyde  ( ug /g)  273.1  262.4  236.6  277.3  

 
Total nitrogen content (%) 2.5 2.6 2.6 2.5 

 
Non-protein bound nitrogen (%) 1.7 1.7 1.7 1.6 

 
Water-soluble nitrogen (%) 1.8 1.8 1.8 1.7 
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Degree of oxidation of lipids at T0-T1-T2 
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Results: fatty acids of fish silage at T0 (%) 

Type Fresh & Lean Frozen & Lean Fresh & Fatty Fresh mix Fishmeal 

C4:0 0.0 0.0 0.0 0.0 

C6:0 0.0 0.0 0.0 0.0 

C8:0 0.0 0.0 0.0 0.0 

C10:0 0.0 0.0 0.1 0.1 <C10 0.1 g/kg 

C11:0 0.0 0.0 0.0 0.0 

C12:0 0.1 0.1 0.1 0.1 0.1 g/kg 

isoC14:0 0.1 0.1 0.0 0.0 

C14:0 3.6 6.0 5.9 3.7 5.3 g/kg 

C14:1n5 0.2 0.1 0.0 0.0 

isoC15:0 0.0 0.0 0.0 0.0 

anteisoC15:0 0.0 0.0 0.0 0.0 

C15:0 1.0 1.0 1.0 0.7 

isoC16:0 0.7 0.5 0.4 0.4 

C15:1n5 0.0 0.0 0.0 0.0 

C16:0 21.8 23.0 23.4 17.0 12 g/kg 

C16:1n9 0.6 0.5 0.4 0.4 C16:1 5.3 g/kg 

C16:1n7 11.4 10.0 8.7 6.3 

isoC17:0 0.3 0.3 0.3 0.2 

anteisoC17:0 0.8 0.5 0.5 0.4 

C17:0 0.7 0.8 0.8 0.5 

C17:1n7 0.6 0.5 0.5 0.4 

C18:0 4.3 4.8 5.72 4.4 C18:0 1.7 g/kg 

C18:1T 1.0 0.5 0.5 0.5 C18:1 11.3 g/kg 

C18:T2 6.1 0.2 0.2 0.2 C18:2 0.8 g/kg 



Type Fresh & Lean Frozen & Lean Fresh & Fatty Fresh mix Fishmeal 
C18:1n9 8.1 10.0 9.3 20.9 C18:3 0.8 g/kg 
C18:1n7 2.2 3.7 4.1 3.9 
C18:2n6t 0.1 0.1 0.1 0.2 0.14 % of FA 

c9t12C18:2 0.0 0.1 0.1 0.1 
t9c12C18:2 0.2 0.2 0.3 0.2 

C18:2n6c 0.0 0.64 0.7 6.2 C18:2 n-6 2 % of FA 
C18:3n6 0.1 0.1 0.1 0.1 

C18:3n3 0.2 0.5 0.4 2.1 C18:3 n-3  2 % of FA 
C20:0 0.2 0.9 1.0 0.2 > C:20 33.8 g/kg 

CLA1 0.1 0.2 0.2 0.2 C18:4 n-3  1.5 % of FA 
CLA2 0.1 0.1 0.1 0.1 

C20:1n9 1.8 2.8 2.5 3.1 
C21:0 0.1 0.1 0.1 0.1 

C20:2n6 0.3 0.3 0.3 0.5 
C20:3n6 0.1 0.1 0.1 0.1 

C20:3n3 + 
C20:4n6 1.5 1.0 0.6 0.6 C20:4 n-6  2.4 % FA 
C22:0 0.1 0.1 0.1 0.1 

C22:1n9 0.6 0.9 0.8 1.0 

C20:5n3 5.4 6.3 3.9 2.1 C20:5 n-3  9 % FA 
C23:0 0.2 0.1 0.6 0.6 

C22:2n6 0.0 0.0 0.1 0.2 
C24:0 0.0 0.0 0.1 0.1 

C24:1n9 0.2 0.4 0.4 0.3 

C22:6n3 7.9 9.3 10.5 7.3 
C22:6 n-3 
(% FA) 7 % FA 

FA content 73.7 77.4 72.5 77.9 
(g/100g vet) C20:1  7 % FA 

Results: fatty acids of fish silage at T0 (%) 



Non-protein bound nitrogen (%) 



Water Soluble Nitrogen (%) 



Amino acids of fish silage at T0 and T1 (g/kg) 

CYS  MET  ASP  THR  SER  GLU  GLY  ALA  VAL  ILE  LEU  TYR  PHE  HIS  LYS  ARG  

Fish type Acid TrT 

Fre_L 0 5.1  14.5  46.9  24.2  23.1  70.1  43.9  37.5  27.2  23.1  37.2  14.3  19.6  11.6  36.7  24.2  

Fro_L 0 4.9  14.0  47.8  24.4  23.9  71.5  45.3  37.2  27.4  23.3  36.8  15.1  19.8  11.0  37.9  25.7  

Fre_F 0 3.8  13.7  43.4  22.6  19.8  63.8  32.1  33.5  27.2  23.4  38.2  13.0  20.1  11.9  35.6  21.1  

Fre_M 0 4.7  15.6  51.9  25.5  24.6  77.6  46.3  39.6  27.4  24.5  40.6  17.8  21.8  12.4  41.7  29.2  

Fre_L 2% 4.6  13.7  48.0  22.2  22.7  65.9  41.2  33.8  25.7  22.4  35.3  17.0  19.8  15.5  40.3  28.0  

Fre_L 2.50% 4.0  13.5  44.9  15.2  14.9  65.7  41.7  36.0  25.8  22.5  35.1  10.8  18.9  11.9  27.0  15.1  

Fre_L 3% 4.6  14.3  47.1  22.2  23.8  68.1  40.2  33.1  24.5  21.7  36.1  16.2  19.7  12.3  39.8  27.9  

Fre_L 3.50% 4.7  14.6  48.1  22.5  23.4  67.8  41.0  33.9  25.4  22.3  37.0  16.4  20.4  13.1  40.6  28.9  

Fro_L 2% 4.6  14.4  49.3  23.0  25.3  68.8  43.9  34.7  25.3  22.4  35.6  16.2  19.7  12.7  40.6  28.7  

Fro_L 2.50% 4.7  14.7  49.7  23.6  25.2  71.2  46.7  36.1  25.6  22.7  37.8  16.6  19.9  12.9  41.2  30.3  

Fro_L 3% 4.3  14.6  50.7  24.0  25.2  72.9  45.1  36.3  26.3  23.5  39.1  17.7  20.9  13.3  42.2  30.7  

Fro_L 3.50% 3.8  14.7  49.6  23.5  24.3  71.7  47.2  36.9  25.4  22.6  38.2  16.7  20.8  12.7  41.0  31.0  

Fre_F 2% 3.3  13.0  45.2  20.4  18.6  57.0  28.7  29.4  25.2  21.8  34.7  16.2  18.7  22.6  39.2  24.8  

Fre_F 2.50% 3.0  12.0  40.0  18.4  16.8  51.6  25.3  26.3  22.8  19.9  31.6  15.7  16.9  22.4  35.7  22.3  

Fre_F 3% 2.9  11.7  41.2  18.6  16.9  52.3  24.5  25.7  22.4  19.7  31.6  15.1  17.0  22.5  36.3  22.2  

Fre_F 3.50% 2.8 12.1 41.5 19.1 17.8 55.7 25.6 27.1 22.8 19.3 31.3 14.8 17.3 21.9 36.9 22.5 

FM_H  0  6.4  19.8  65.7  29.7  28.2  91.8  45.9  44.5  34.6  29.7  51.5  21.9  27.5  18.4  53.7  41.7  



Let’s get things further 

Thanks 



Aims of PPS in Africa 

 Implementation of fish silage production facilities 

 the production of quality proteins from fish silage using 
optimised processes,  

 the development and testing of formulated diets based 
on fish silage products in different farmed fish and 
animal models, and in different regions  

 the dissemination of the new knowledge in the East 
African region (Somalia, Kenya, and Ethiopia) with an 
outlook to West African countries. 

 



Activities 

 Production of fish silage: on lab (selecting best process, 
optimisation of production conditions) and industrial up-
scaling in tropical conditions 

 Quality assessment of fish silage and oil from defatting 
for fish and animal nutrition  

 Fish (tilapia and African catfish) and animal (to be 
identified eg. poultry, pigs, sheep, cow, goat) optimal 
feed formulation and production  

 Testing of diets on different animal models in lab and 
farm conditions (nutritional quality of silage) 

 Data analysis, reporting and dissemination 

 



Proposed planning 

Activity ( Responsible )  Period  Motivation  

  2015 2016 2017   

Production of fish silage machinery, silage & oil products 

(Rainbow Fish, Smicon , Habo  Factory, IMARES,  SELKO, GE 

Westfalia )  

X     Production 

possible 

Quality  assessment (Wageningen UR)  X     Quality 

acceptable 

Feed formulation ( Wageningen  UR) and production (SELKO, 

KMFRI, ILRI))  

X     Feed available 

Testing diets in lab conditions to select best formulations 

(KMFRI, ILRI)  

  X   Best 

formulations 

available 

Testing selected diets in farm conditions (KMFRI, ILRI)    X X Confirmation 

of lab findings 

Data analysis, reporting* and dissemination (IMARES)  X X X Information 

accessible 



Fish Silage 

Fish feeds Livestock feeds 

Fish harvests 

Equipment 

Knowledge 
Fish  

by-products 
Other inputs 

ex. acids 

Research optimisation  
for local conditions 

Product (ion)     optimisation to local fish species 

Fish     processing 

Feed production 

Feeding    trials 

Application under local 
conditions 

Direct local feed production 
(use small scale) 

Regional feed production 
(aggregation for large scale) 

Sector 
Network 

Logistics 

Equipment 

Other 
ingredients 

ex. cereal brans 

Lower cost 

Improved 
availability 

Improved 
accessibility 

Improved 
protein use 

FISH SILAGE AFRICA  
Business model (detailed) 


