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Exploiting waste: 
3 Socioeconomic 

Stakeholder  Drivers:
Legislative Driver

•Land-fill Directive 
[derived from environmental 
and consumer pressures]

Centralisation of processing
•Economies of scale
•Large localised production
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Energy costs and climate change
•Oil! 
•Carbon emmissions!

Impact on all aspects of food production



Key examples of plant residues

Cereals
• Excess bran from the milling industry
• Brewers’ grain from the brewing industry

Fruits
• Citrus – even after extraction of pectic polymers
• Pomace
• Olives – stones and oil residues
• Grape skins

Vegetables

• Brassicas
• Onions – peelings and outgrades
• Sugarbeet
• numerous others e.g. potatoes, carrots etc.

SELECTED WASTE PRODUCED PER ANNUM IN EC COUNTRIES

Sugar beet pulp 4 840 000

Brewers spent grain 3 400 000

Fruit pulp (apple & 
peach)

310 000

Onion peeling waste 500 000

For most fruits and vegetables, one can estimate the likely waste as
approximately 30% or more of the processed material.

A) Introduction
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% non-utilised raw material

0 10 20 30 40 50 60 70 80 90 100

Fish Canning

Fish Filleting, curing, salting, smoking

Crustaceans processing

Molluscs processing

Beef slaughtering

Pig slaughtering

Poultry slaughtering

Milk, butter and cream production

Yoghurt production

Fresh, soft and cooked cheese

White wine production

Red wine production

Fruit and vegetables juice production

Fruit and vegetables processing 

Vegetable oil production

Corn starch production

Potato starch production

Wheat starch production

Sugar production from sugar beet

%
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How can the Food Industry maximise co-product 
Exploitation?

Problems

Microbiological instability

Heterogeneity of sources
– difficult to control quality
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REPRO Partners
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AIM of REPRO

To develop advanced methods:

to recycle and upgrade food-processing 
organic waste co-products (by-products) into 
high added value food and feed products.
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4 Interrelated activities and objectives

1) Development of approaches and procedures for microbiological safety, 
stability and co-product traceability;

2) Development of precision, enzyme-based bioprocesses to deconstruct 
and tailor co-product components;

3) Integration of the enzyme-based bioprocesses with modern physical 
processes, thereby developing hybrid bio-processing systems;

4) Minimisation of market risk for new processes by 
(a) ensuring economic and environmental acceptability
(b) developing dissemination and exploitation routes
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REPRO
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Platforms, exploitation Partners, + other projects
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W
P6: C

oordination
Task 6.1: Financial and internal business m

anagem
ent

Task 6.2: Scientific coordination and group learning

WP1: Co-product 
evaluation

•Traceability and stabilisation

WP4: Societal interface
Risk assessment (legal) Eco-efficiency
Socio-economic assessment (consumer)

WP5: Dissemination and exploitation
Dissemination Targeted  exploitation
Impact and exploitation

WP3: Integration of 
biochemical and physical 

engineering
•Integrate biochemical processing 
with solid/liquid processing

•Process design and optimsation

WP2: Bio component 
isolation and engineering

•Develop biotools

•Develop enzymatic pre- and 
post-treatment methods
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WP1: Co-product evaluation and stabilisation

Traceability:

•A database for management of traceability information has been produced

•All co-product streams relevant to the REPRO project (BSG and Vegetable 
Trimmings sources) have been assessed on a pan-European basis for 
traceability

Stabilisation:

•Microbiological and chemical characterisation of sampled streams have been 
carried out in relation to:
• (a) sourcing of streams
• (b) storage of stream
• (c) stabilisation of stream (development of HACCP)
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WP2: Biocomponent isolation and engineering

Biotool development:

•Enzyme preparations
•Coprinus cinereus cutinase produced in gram quantities and evaluated within 
REPRO (active on BSG and apple).

Enzymatic disassembly of co-products:

Cereal disassembly
•Unit process(es) for controlled release of specific and potentially functional 
oligosaccharides, peptides and insoluble residue (fed into WP3).

Vegetable trimmings: 
•Novel combination of enzymes identified for tissue liquefaction and 
extraction of high molar mass, low methoxy pectins. 

Unit process contributions have been fed into WP3 to enable process 
scheme development. 
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WP2 (Cont’d….)

Recalcitrant Residues

•Chemical approaches employed to evaluate limiting cross-linking in 
the cell walls

Combination process:

•Extrusion and enzymatic treatments developed.
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Development and design of (3) full processing 
streams
General simulation tool (+ microbiology): 
Created, used to model processes and to generate input data for the 
evaluation of societal impacts and life cycle assessments in WP4.

1) BSG-supplemented snacks: 
•valorisation of BSG by producing an extruded chickpea snack

2) VT valorisation: 
•valorisation of red cabbage trimmings by producing

• a colorant
•Low-methoxy, high molecular weight pectin
•functional polymer fragments and/or dietary fibre.

3) BSG liquefaction and valorisation: 
•enzymatic partial liquefaction of BSG and exploitation of solubilised 
components.

WP3: Integration of biochemical and physical 
processes
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WP4: Societal Interface
WP3 OUTPUTS ASSESSED;

Legal Acceptance
Novel food issue is of importance in these waste 
streams. Stakeholders need to take decisions whether to 
submit a dossier for novel foods registration. 
Formulation of “Risk management options – how to meet 
regulatory requirements now and in the future”

Cost-benefit analysis 
BSG-supplemented snacks: costs are dominated by specific 
ingredients 
VT valorisation: enzymes and energy.

Market value issues.
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Consumer acceptance
Two-round Delphy study 
(to identify elements for 
evaluation) 

Focus group discussions 
with consumers.

Findings
BSG extruded snacks      BSG liquefaction products     Vegetable trimmings

1) “high quality” ingredients perceived as “second grade” when 
produced from residue flows (or “waste”) 

2) Consumers may not be prepared to pay a premium for them  (also 
indicated that they would not really want to know about their origin

3) Additional attributes, such as potential health-benefits of coloured 
phytochemicals: not sought after specifically, but welcomed as a positive 
side effect and could contribute to acceptability.

WP4: Cont’d…..
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Eco-efficiency

Developing an LCA based method
A structured method for assessing the 
environmental assessment of novel 
products and processes has been 
developed. 
LCA was assessed as defined by ISO 
14040.

Environmental effects included 
were:

Global warming potential (GWP)
Acidification (AP)
Eutrophication (EP)
Energy use (EU)

WP4: Cont’d…..

Image courtesy of Earth Sciences and Image Analysis Laboratory, 
NASA Johnson Space Center."
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Global LCA studies

BSG-supplemented snacks: 
•Environmentally most beneficial to use the BSG in snacks, 
followed by feed and then landfill.  

VT valorisation (Liquefaction of vegetable trimmings): 
•Exploitation of VT by liquefaction followed by fractionation into 
exploitable components was considerably more environmentally 
friendly than using the VT for cattle feed or disposing of by 
composting.

BSG liquefaction and valorisation:
•enzymatic costs were limiting from an environmental view point 
due to the high levels of fossil-derived energy used in their 
production. 
•The intensive use of enzymes also creates higher eutrophication 
emissions. 
•Beneficial in relation to acidification.

WP4: Cont’d…..
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REPRO RISK SCORECARD
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WP5: Targeted exploitation and dissemination

1) Evaluation of novel fibre and rheologically-active 
products in emulsion-based food systems

Recalcitrant residues from cereal products
• particle size and impact of complex mixtures, 
• addressing problems of sedimentation of larger 

particles.

2) Fish feed production

Fish feeding trials using feed supplemented with BSG- 
derived protein successfully carried out. 

• Full data currently being evaluated. 
• Interactions with large producers of farmed 

salmon.



Dissemination
TOTAL FOOD 2006
Oral presentations:
K.W. Waldron: Whole by-product exploitation: an integration of 
research and technology in a market economy
P Forssell, H Kontkanen, J Buchert, H Schols, S Hinz, V Eijsink, J 
Treimo, Potential of carbohydrate-degrading enzymes in valorisation of 
brewer’s spent grain
J Robertson, C Faulds, A Smith, K Waldron; Phenolic cross-linking 
and its application to manipulating bulk mechanical properties of cereal 
bran
J Buchert, Use of enzymes in the food industry to improve product 
functionality
H Heeres, EC legislation regarding production of safe food and feed
J Schroot, K Merck, S Hinz, H Schols, M Panouillé, E Bonnin; 
Recovery of added value pectins and phytochemicals from Brassica 
trimmings by hybrid processes
U Sonesson LCA: Joining up the food chain

Posters:
J Guijarro*, L de las Fuentes; REPRO interaction platforms: promoting 
the exploitation and upgrading of agro-food by-products
J Berlin, P Arinder, K Ostergren, P Ainsworth, J Schroot, U 
Sonesson; Environmental analysis and predictive microbiology in 
combination as a tool for safe and sustainable process line design
Z Merali, JA. Robertson, AJ Jay, K I’Anson, AC Smith, TF 
Brocklehurst, CB. Faulds KW. Waldron; Effect of storage on the 
exploitation potential of brewers’ spent grain
P Ainsworth, V Stojceska, A Plunkett, S Ibanoglu The effect of 
brewer's spent grain on the textural and functional properties of extruded 
ready-to-eat snacks
J Guijarro, A Urkiaga, I Garay, L de las Fuentes; Development of 
potential applications of membranes and CO2 supercritical fluid in 
separation processes for valuable products recovery from agro food by- 
products
M Panouillé, S Durand, C Garnier, J-F Thibault, E Bonnin; Enzymatic 
extraction of pectins from different plant by-products
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REPRO website

Industrial platform





WASTE MANAGEMENT AND CO-PRODUCT RECOVERY IN FOOD 
PROCESSING (25 chapters)

Part 1: Key drivers for waste minimization, 
management and co-product recovery in food 
processing

Part 2: Optimising manufacturing to minimize 
waste in food processing

Part 3: Key issues and technologies for food 
waste separation and co-product recovery

Part 4: Waste management in particular food 
industry sectors and recovery of specific co-
products

Part 5: Minimising disposal: wastewater and 
solid waste management in the food industry



Special Interest
Group

National
Membership

NNFCC

Strategic
Research
partners

alliance

alliance

Underpinning Research 
Provision

Commercial  venturesCommercial  ventures

IFR Microbial
Ecology EP

IFR Sustainabilty of
Food chain EP

Centre of ExcellenceCentre of Excellence

experts industry DEFRARE-KTN BERR

RSC
Advisory GroupWRAP

SPECIAL INTEREST GROUP AND NETWORK
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Future Activities

•Translation of expertise and experience into 
•“biorefinery” research and development
•Lignocellulose exploitation (biofuels)

•Formulation of new project to provide: 
•Modelling approach to describe and evaluation risks of 
hypothetical co-product exploitation routes.
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