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Context

With the new Common Agricultural Policy, financial support for casein 
production decreased from 1.15 � /kg to 0.56 � /kg and is going to vanish before 
end of 2007. Then, several dairy plants (incl. casein and milk powder production) 
are actually in difficult position

The purified milk protein fractions are at the root of the development of 
functional foods (“food with health benefit”) area, the world market is estimated 
to 60 billions dollars with an increase of 6 to 8 % a year

Moving to the fractionation of milk proteins, leading to functional and high added-
value products, can be a solution for the dairy industry

Moreover, there is clearly a need in innovating processes, like membrane-
based processes, since the present cost of purified functional protein fraction 
obtained by chromatography is too high: » 80 and 60 � HT/kg for 90% pure a-
lactalbumin (a-LA) and b-lactoglobulin (b-LG) respectively and 300 � HT/kg for 
95% pure lactoferrin
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The Topic
Membrane Use for Proteins Production 

Membrane techniques are attractive for their low environmental impact and their 
relatively small investment and operating costs

They are appropriate for the fractioning of molecules

Membrane techniques could represent a good alternative or complement to 
more polluting and costly operations

This project essentially focuses on the production of two major proteins 
which are alpha-lactalbumin and béta-lactoglobulin (the “products”) 
through membrane use (the “process”)

“ Alpha-lactalbumin and Béta-lactoglobulin” are named “� -LA and � -LG” in 
the rest of the presentation
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Goals of the Project
Design for Environment in the Food Production

To propose innovative membrane operations with the purpose of designing more 
efficient and environmental friendly fractionation processes

Means: to simultaneously
• investigate the performances of membrane operations in terms of selectivity, 

permeability, product functionality, cleanability…
• give new insights into the actual environmental impacts of such operations, 

together with the set up of an adapted Eco-design methodology
Processes:

Membrane operations

Molecular structure

Functionality

Fouling phenomena

Operating conditions:
Membrane characteristics
Hydrodynamic conditions
Chemical physics parameters, temperature

Performances : 
Selectivity (purity, yield)
Productivity (permeation flux), concentration factor
Cleanability

�
�

�
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The Technology Approach
Investigation of the Mechanisms Involved During the Filtration 

The impacts of the membrane operation on the structure, and consequently, on 
the functionality of the protein(s) involved is investigated

At the invert, the protein structure modifications induced by the filtration also 
directly affects the operation performances, particularly through fouling 
phenomena, and this aspect is also explored

Results obtained in bioengineering (fractionation process design) and biophysics 
(structural characterization and functionality) indeed showed that
• the expression of molecule functionality can depend on the separation 

operation(s) involved in its recovery
• the functional properties of a specific protein are often non-reproducible

This first step, based on a fundamental study of the mechanisms implicated during 
the separation, will allow suggesting innovative ways for the preparation of new 
fractions with specific functionalities
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The Eco-Design Approach
A Specific Eco-design Methodology to Assist the Process Design

A specific eco-design approach allows to bring new elements for the process 
conception and assists in finding the optimum operating conditions for the process 

In that respect, all the criteria pertaining to the process, ranging from product 
quality/functionality to the environmental impact and food security are considered

The results from the proposed research should allow the professionals from the 
food industry and more particularly from the dairy industry to access knowledge 
and methods, which will permit them to install more competitive membrane-based 
processes

The methodology developed in this project could constitute a reference for the 
eco-design of other food separation processes
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Life Cycle
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Partners
A Group Along the Life Cycles

INRA (Institut National de Recherche Agronomique, Rennes - Leader)

ENSCR (Université de Rennes) + Ecobilan (PricewaterhouseCoopers)

SERAM – ENSAM (Ecole Nationale des Arts et Métiers de Chambéry)

GES (Process Consulting Company)

APPLEXION SAS / NOVASEP PROCESS (Process Equipments manufacturers)

SOREDAB SA, Groupe SOPARING-BONGRAIN (Process Users: milk products 
manufacturers)

Funding: ANR (Agence Nationale de la Recherche) in the scope of the PNRA 
(National Program for Agronomy Research)
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Organisation of the project

WP1 : Determination and quantification of functional protein modifications during 
filtration
• Preparation of the two purified proteins (� -LA and � -LG) and setting up of 

methodologies
• Quantification of functional modifications of two purified proteins (� -LA and � -

LG) in dead-end and crossflow filtrations

WP2: Structure/functions relationship in dead-end filtration
• In depth study with � -LA and � -LG
• Generalization of results with a large range of proteins 
• Modelling of protein transfer
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Organisation of the project

WP3: Setting up the Eco-design approach

WP4: Proposition of Eco-process for the fractionation of � -LA and � -LG
• Validation on complex fluids
• Mastering of the non-production phases (cleaning and flushing sequences)
• Life cycle analysis: the first phases of a process design (application of WP3)
• Demonstration of the impact of protein functionality on the quality of a final 

food product 
• Economical Analysis 

WP5: Project Management
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The Life Cycle Management Approach and Issues
Functions of the Studied Products

Various functions exist for � -LA and � -LG. Some examples are given below

� -LG 
• Emulsifying properties and Gelling properties(the most common)
• Solubility / turbidity depending on pH (sometimes)
• Use of some of � -LG for sport practitioners (rare)

� -LA (contains a lot of tryptophan, calcium binding capacity)
• Food additions : increase of the ratio � / � (inversion as compared to milk 

content)
• Baby milk (with MAT/sec > 80%, allowing advantages at boarders)
• Baby food (max. purity in � -LA, ratio � / � towards 4)
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The Life Cycle Management Approach and Issues
Functional Unit Definition

The proteins are used for their functional activity in the fluid where they are

The activity is not only linked to the purity, amount and concentration of proteins. 
Activity is also linked to the shape of the proteins, which might be changed by the 
way the separation process (membrane, chromato) is functioning

A foaming test seems to be adapted to � -LG and an immune test to � -LA. They 
have to be developed !

Moreover, the selection of the proteins to characterise them implies the set up of 
processes that will modify their state (the “Schrödinger cat” affect)

The goal of the project will be to make function the alternative membrane 
processes to get the same activity level for the proteins produced
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The Life Cycle Management Approach and Issues

Few Life Cycle Management practice on membrane use in the food industry

The analysis of the membrane operations (in comparison with chromatographic 
process), have not to be considered on their own   but as an integral part of an 
entire process taking into account environmental impacts
• Design
• Installation
• Operation
• Maintenance
• End of Life

The partnership set up has taken into account this Life Cycle aspect by involving 
partners at each stage of the Life Cycle of the Membrane
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Options for Improvement – First Brainstorm Results

Minimise membrane production impacts

Optimise process operation (energy, water, chemicals, equipments materials)

Maintenance optimisation, cleaning products definition

Maintenance modification

Reduction of milk consumption

Increase of co-products production

Purity diminution with similar activity

Water treatment optimisation (for water used in the process)

Residual biomass valorisation

… while reducing costs
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Project Current State

The project ends up it first year out of four

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
WP1: Determ ination / quant if ication of 
funct ional protein m odif ications  dur ing 
f iltration
Task  1-1: Preparation of (a-LA and b-LG) and 
setting up of methodologies
Task  1-2: Quantif ication of functional modif ications 
of a-LA and b-LG in dead-end and crossf low  
filtrations

WP2 : Structure/ funct ions  relationship in 
dead-end filtration

Task  2-1: In-depth study w ith a-LA and b-LG
Task  2-2: Generalization of results w ith a large 
range of proteins

Task  2-3: Modelling of the transfer

WP 3: Setting up the Eco-des ign approach : 
choice of the indicators  for  the assessem ent 
of the environm ental im pacts

WP 4: Propos it ion of Eco-process  for  the 
fractionation of aaaa -LA and bbbb -LG

Task  4-1: Validation on complex f luids

Task  4-2: Mastering of the non-production phases
Task  4-3: Life Cycle Analysis : the f isrt phases of a 
process design
Task  4-4: Demonstration of the impact of protein 
functionalityon the quality of a f inal food product

Task  4.5: Economical analysis

WP 5: Project  m anagem ent

4th year
duration / critical path

1st year 2nd year 3rd year
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Follow up

Finalisation of the Eco-design methodology with ENSAM

Application / test of the methodology during the design of new membrane 
processes (conception, installation, operation, maintenance, end of life) by all the 
partners involved in that Life Cycle

Communication (web site: http://www.inra.fr/ecoprom)

Application of the methodology by the different partners (Applexion, Bongrain, 
GES…) in future designs

Application of the methodology to other agriculture/food sectors
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