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An interesting alternative are dry 
processes based on dehulling 
followed by micro grinding and 
air classification to produce protein 
concentrates. This processes allow 
to separate granular starch or fibre 
components from smaller protein 
particles by their differences in size 
and density in an air sifter, and by 
that to increase the protein content 
in the fine fraction. The, in the course 
of the project, considered grain 
legumes smooth pea, faba bean 
and lupine angustifolius allowed to 
produce protein concentrates with 
protein contents of 55-70% at high 
yields. In addition to the protein 
content also increased the fat, 
minerals and α-galactosides contents 
(tab. 1). These was also true for anti-
nutritional components like trypsin 
inhibitors and phytic acids. But, due 
to the very low initial contents of 
these components in the respective 
seeds, the absolute contents in the 
protein concentrate fraction kept 
low. [5, 6]

Improved nutritive value of 
protein concentrates
In a digestibility trial with grower 
Atlantic salmon dehulled, micro 
ground meals and respective air 
classified protein concentrates 
have been tested on a 30 per cent 
inclusion level over three weeks. 
The diets were formulated to be 
iso-nitrogenous and iso-energetic. 
All protein concentrates and the 
meal from L. angustifolius showed a 
high absolute protein digestibility. A 
clear increase in protein digestibility 
compared to the respective meals 
of dehulled seed turned out for 
the protein concentrate of smooth 
pea, whereas this tendency was 
also recognisable, 
but not statistically 
significant, for faba 
bean.
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Smooth 
pea 

dehulled var. 
Attika

Smooth 
pea 
protein 

enriched

Faba 
bean 

dehulled var. 
Divine

Faba 
bean 
protein 

enriched

Lupine 
ang. 

dehulled var. 
Bortu

Lupine 
ang. 
protein 

enriched
Protein (Nx6,25), 

[%DM] 25,5 54,6 34,7 64,5 46,0 64,7

Starch [%DM] 45,0 3,6 41,3 6,9 - -

Fat [%DM] 2,7 5,1 2,4 3,9 6,8 8,0

Minerals [%DM] 2,9 5,6 3,4 6,0 4,0 5,1
α-galactosides 

[%DM] 4,0 6,4 1,9 2,9 4,9 6,9

Yield [%] 100 40,3 100 38,5 100 41,1

Tab. 1



Protein ingredients from
grain legumes for fish feed – 
nutritional and technological impacts

Accurate feed processing
To ensure optimal usage of fish feed 
pellets a high pellet stability during 
transport and agitation in water as 
well as defined sizes and sinking 
behaviour to meet the particular 
feeding habits of the respective fish 
species are required. Additionally, 
proper processing can optimise 
nutritional properties by inactivating 
of heat sensible anti-nutritional 
components and pathogenic germs, 
but preventing nutrients at the same 
time. For intensive aquaculture, 
using feed high in protein (40-50%) 
and fat (15-40%), cooking extrusion 
processes are widely used to produce 
a stable pellet with a defined 
size, density and porous structure. 
Following extrusion and drying, the 
pellets are (vacuum) coated with oil.

The influence of air classified pea 
protein concentrate on physical pellet 
properties was tested using two 
strongly reduced feed formulations. 
A reference formulation consisting of 
fish meal and native wheat starch and 
a modified formulation with a 50 per 
cent replacement of fish meal with pea 
protein concentrate were processed 
(fig 6). Pellets of 4-5 mm were 
produced at a constant throughput of 
90 kg/h using a Clextral BC 45 twin 

screw cooking extruder. Whereas the 
cooking extrusion parameters were 
slightly affected by the formulation, 
the modified formulation showed 
significantly less radial expansion 
effecting a smaller pore volume. This 
reduces at the same time the maximum 
quantity of injectable oil during 
coating. Further on, the modified 
formulation resulted in pellets with 
slightly reduced hardness, and turned 
out to be more sensitive to further 
decreasing hardness and expansion 

when starch content is reduced or oil 
content is augmented in the extruded 
formulation. (fig 7)

Conclusions
The investigated grain legumes 
smooth pea, faba bean and 
lupine angustifolius proved to be 
a suitable ingredient for salmon 
feed formulations, that are able to 
substitute a considerable share of 
fish meal. Protein concentrates from 
pea and faba bean produced in 
an air classifying process showed 
even improved nutritional properties. 
Their higher protein and fat content 
compared to extracted soya meal as 
well as the considerable lower prices 
compared to protein concentrates 
produced in wet processes, makes 
these products to competitive 
ingredients. Further reduction of fish 
meal might be possible when optimal 
combination of high valuable vegetal 
protein products are combined. 
Nevertheless, increasing amounts 
of plant based materials can have 
a considerable influence on the 
processing and pellet quality. To 
maintain high pellet qualities the 
accurate adaptation of process 
conditions is necessary. 

14
Impact of formulation and oil content on SME and die pressure. Impact of formulation and starch content on SME and die pressure.

Fig 7 : Vacuum coating of fish feed pellets

Fig 6
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Fraunhofer IVV
The Fraunhofer Institute for Process Engineering and Packaging (IVV) is 
a competent and professional organization which carries out contract 
research and development work for industry. The activities are partly 
supported by publicly financed exploratory applied research projects. 
In addition to the research work, the Fraunhofer IVV provides a range of 
services - also for small and medium-sized companies.
One main research area is the recovery of new ingredients from plant 
raw materials for industrial food production, animal feeds and technical 
applications. The development of polymer films for food packaging with 
barrier and ultra-barrier properties again permanent gases and water 
vapor is also an important topic. Therefore, equipment for the processing 
of agricultural raw materials and for the production of functional films are 
available. Additionally, analytical competence and equipment for trace 
and ultra-trace analysis are on hand in order to assess the suitability of 
plastics, paper and metals for contact with foods and pharmaceutical 
products.
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NEXT SHOWS
We would be pleased to welcome you to our booths at

 ��Pet south :.............................................................	17-19 September 2008 .................................................	 São Paulo - Brazil
 ��Plovdiv fair : ...................................................	29 September - 4 October 2008 ..............................	Plovdiv - Bulgaria
 ��Agroprodmash :.............................................	13 -17 October 2008...........................................................	Moscow - Russia
 ��Papfor : ....................................................................	10-13 November 2008......................................................	St Petersburg - Russia
 ��Iaom : ......................................................................	14-17 November.......................................................................	Arusha - Tanzania 
 ��IPA : ..............................................................................	17-20 November 2008......................................................	Paris - France
 ��Anuga foodtec : ...........................................	10-13 March -2009...............................................................	Köln - Germany
 ��Ipack Ima :.............................................................	24-28 March 2009................................................................	Rho - Milano -Italy
 ��Snackex :..................................................................	8-9 June 2009............................................................................	Berlin - Germany

conferences
We had the pleasure of organizing or presenting short courses and lectures on :

 ��Société Française de Génie des Procédés (French Chemical Engineering Society) 
« Innovation & R&D », 9 October 2007 - Saint-Etienne - France
 ��Aquafeed euro-asia, 22-24 October 2007 - Istanbul  - Turkey
 ��Treat & premium pet food seminar, 29 November 2007 - Warsaw - Poland
 ��Food & Feed Extrusion Seminar 
« introduction to twin-screw technology in the food industry », 6 March 2008 - Brno - Czech Republic

 ��VICTAM «Twin screw extrusion technology for the production of aquafeed », 6 March 2008 - Asia
 ��« science and technology for chilean aquaculture » 25 March 2008 - Almagro - Puerto Montt Chili.
 ��AACC (American Association of Cereal Chemists) Food Extrusion Course « Thermomechanical 
development of extrudate structure in extrusion-cooking » ; « Instrumental methods for the measurement of 
extrudate properties. », April 02-04, 2008 -St Gallen, Switzerland

 ��Petfood Forum 2008 
« Twin screw versus single screw in feed extrusion processing » - April 15-16, 2008,Chicago, USA

 ��5th Abrasiv Bulk handling Techologies Symposium 7 May 2008 - Kecskemet -  Hungary
 ��Pulp and paper conferences 
« Innovation in paper Industry for higher production, quality and cost savings » - 14 May St-Petersburg 
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