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1 Policy Background to the Food LINK Programmes

The Ministry of Agriculture, Fisheries and Food (MAFF) has responsibility for
the UK food chain, working with the devolved administrations in Northern
Ireland and Scotland. The Ministry’s main aims are to ensure that consumers
benefit from competitively priced food, produced to high standards of safety,
environmental care and animal welfare, and from a sustainable, efficient food
chain. In support of these aims the Ministry funds research. Almost half of the
research budget has been targeted on improving sustainability and the economic
performance of the agriculture, fisheries and food industries.
TheFood andDrink IndustryDivision inMAFFhas specific responsibility for

the food, drink and distributive industries. This Division supports strategic
research and related technology transfer to advance the underlying technology of
the food and drink industries. Funding is largely provided on the basis of
matching contributions from industry. Themain activity is under theGovernment-
wide LINK scheme for collaborative research. Since the launch of the first food
LINK programme in 1989 there has been a succession of food LINK
programmes for the food industry (Table 1). OtherMAFFpolicy groups provide
funding for LINK programmes for the agriculture, horticulture and fisheries
industries (Table 2).

2 The LINK Scheme for Collaborative Research

Scope and Operation

The LINK scheme is the UKGovernment’s principal mechanism for promoting
partnerships in pre-competitive research between industry and the research base.
It aims to stimulate innovation and wealth creation as well as to improve the
quality of life. The scheme offers participants the opportunity to engage with
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Table 1 The Food LINK
programmes

Launch Government
date Programme funding Sponsors�

1989 Food Processing Sciences £11 million DTI/MAFF
1991 Agro Food Quality £9 million MAFF/DTI/BBSRC
1994 Advanced and Hygienic

Food Manufacturing £7 million MAFF/BBSRC
1998 Eating, Food and Health £2.5 million ESRC/BBSRC/MAFF
1999 Food Quality and Safety £6 million MAFF/BBSRC

�DTI, Department of Trade and Industry; MAFF, Ministry of Agriculture, Fisheries and
Food; BBSRC, Biotechnology and Biological Sciences Research Council; ESRC, Economics
and Social Sciences Research Council.

Table 2 Other
MAFF-sponsored LINK

programmes

Launch date Programme

1992 Technology for Sustainable Farming Systems
1995 Aquaculture
1996 Horticulture
1996 Sustainable Livestock Systems
1997 Sustainable Arable Crop Production

some of the best and most creative minds in the country to tackle scientific and
technological challenges. Companies and research organizations throughout the
UK can participate.Multinationals can also participate provided that they have
significant manufacturing and research operations in the UK, and the benefits of
the research are exploited in the UK or the European Economic Area. Small and
medium sized enterprises are particularly encouraged to get involved.
LINK covers a wide range of technology and product areas from food and

bio-sciences, through engineering to electronics and communications. Each
LINK programme supports a number of collaborative projects which typically
have a duration of two to three years. Major commercial benefits in terms of new
or improved products or processes typically accrue to the industry partners some
two years after completion of a LINK project. Networking between projects
within programmes is strongly encouraged so that participants can share in the
programme’s achievements.
Effective programme management is the key to success of any collaborative

scheme. Each LINK programme is managed by a Programme Coordinator
together with a Programme Management Committee (PMC), whose members
are drawn from industry and the researchbase. ThePMCadvises on the technical
merits including industrial relevance of project proposals, monitors research
progress, and encourages commercial exploitation and wider dissemination of
research results.

Setting up a New LINK Programme

It is up to individual Government departments and the Research Councils to
develop specific LINK programmes that are targeted on areas of science and
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Company A
£10K in-kind

Company B
£10K in-kind

Company C
£10K in-kind

Company D
£10K in-kind

Lead Partner
University
£100K costs

Total Project Cost:  £140K
Grant at 50%          £  70K

Companies each make a cash
contribution of £7.5K

Figure 1 Example of
LINK research project

with a university in
the lead

technology with good exploitation potential for the industry sector concerned.
This typically involves researching not only industry needs and interests but also
the availability of exploitable science and capabilities in the science base.
Applications to set up new LINK Programmes are made to the LINK Board,
which is a high level committee appointed to oversee the strategic direction and
ensure consistent use of the LINK scheme.
LINK programmes typically have a duration of some five years when they are

open to new projects and around eight years before the last project is completed.
Closed programmes are normally subjected to an evaluation of outputs before
any new programme is proposed in a similar technical area. Evaluations examine
the specific outputs and value for money from individual research projects.
Equally important is to assess the contribution that the programme has made to
longer term objectives of raising industry competence levels and coupling the
industry more strongly with the science base.

Project Partnerships and Funding

Government sponsors provide up to 50%of the costs of a LINKproject, with the
balance of funding coming from industry. The industry contribution is usually a
mixtureof in-kindand cash. Figures 1 and 2 illustrate typical project partnerships
in the food LINK programmes.
In the example in Figure 1 the lead partner is a university department which

performs most of the research. This is aimed at providing underpinning
knowledge for a range of different process operations and products. There are a
number of food manufacturing industry partners of equal weight in the project,
all aiming to exploit the new knowledge in their own business.
In the example in Figure 2 the lead partner is a food manufacturer who is
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Lead Partner
Manufacturer
£50K in-kind

Equipment Supplier
£50K in-kind

University
£100K costs

Total Project Costs £200K
Grant at 50%          £100K

No cash contribution

Figure 2 Example of a
LINK research project

with a company in
the lead

working with an equipment manufacturer and a university to research a
prototype piece of equipment which will ultimately be developed by the
equipment firm for a wider market.
The example in Figure 1 illustrates the general point that cash contributions

are required where the industry in-kind contribution is less than the costs of the
university research. The balance of in-kind and cash contributions can vary
widely between projects and can also vary between industry partners within a
project.
An innovative feature of the Advanced and Hygienic Food Manufacturing

LINKprogramme is the introduction of the possibility of funding collaborations
where the emphasis is on transfer of technology from non-food industry sectors
and demonstrating its applicability in food manufacturing. Up to 20% of
programme funds are available for such projects.
A further innovationwas introduced byMAFFwith the Bridge-LINK scheme

which is outside the formal LINK scheme. This provides funds for pre-LINK
studies to demonstrate feasibility and take the research up to the point where
enough is known to set up a full formal LINK collaboration. Industry takes part
in the Bridge-LINK phase and commits to making best efforts to become
partners in a follow-on full LINK project.

What is in it for Industry

The LINK scheme provides companies with access to high quality research and
leading edge science which can underpin business strategy and innovation. It can
bring a range of skills to bear on problems and offers opportunities for
networking and sharing ideas with experts in many fields. LINKhelps reduce the
research investment required by sharing the cost among a number of firms and
with Government. This enables industry to pursue highly innovative but risky
research objectives and approaches. The contact with the science base provides
firms with a ‘window’ on emerging science and helps them to focus their own
confidential research activities.

What is in it for Academic Researchers

LINK research offers opportunities to work with industrial partners on new
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areas of research, leading to new discoveries and frequently also to opportunities
for high quality publications in the scientific literature. LINK is a source of
significant extra funding for research and facilities, thus providing a base from
which to develop research excellence and contacts and leading to good prospects
for gaining further funding from industry as well as public sources. LINK also
offers opportunities to work with other disciplines and to gain business and
project management skills.

3 Scientific Themes in Ten Years of Food LINK Programmes

Development of Scientific Themes

The development of the first three food LINK programmes, shown in Table 1,
was preceded by the deployment of consultants and industrial secondees to help
identify priority areas for research along with outline project ideas which had
tentative industry support. Thorough background work was thus carried out to
ensure that a good case could be made to Ministers in the sponsoring
departments as well as to the LINK Board whose approval was also required.
In the early 1990s the UKGovernment initiated a major technology foresight

exercise, partly to guide public sector research. An important output for the food
sector was a series of reports which clearly identified key research priorities for
the food industry. These reports provided the main inputs to the two most
recently launched food LINK programmes (Eating, Food and Health; Food
Quality and Safety).

Focus on Food Quality, Food Safety and Manufacturing Efficiency

The scientific themes in successive food LINK programmes have reflected
emerging opportunities for particular science and engineering areas to underpin
improvements in the broad areas of food quality, food safety and manufacturing
efficiency. Table 3 shows the evolution of priority areas in these programmes.
Materials and measurement science have been recurring themes across the

programmes, as applied to agricultural raw materials, food ingredients and
processed foods. Biotechnological approaches to probing and improving food
quality have also been prominent from the start.
The rapidly developing modelling capabilities in the science and engineering

base have permeated much of the research, ranging from modelling microbial
growth in complex food structures, to flows and temperatures in process
equipment, to the distribution of air-borne contaminants in factory environments,
to statistical model-based control in food manufacturing.
The links between diet and health, and the factors that affect consumer

acceptability, have also been recurring themes, illustrating the breadth of the
research interests of the food sector.

4 Scientific Advances and Commercial Benefits through the
Food LINK Programmes

The food LINK programmes have encompassed some 120 projects at a total
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Table 3 Summary of
priority areas in successive
food LINK programmes

Food Processing Sciences
Launched 1989
Closed 1995

This was the first food LINK programme. The
technical priority areas reflected the growing
opportunities for:

� Predicting food properties from understanding
ingredient interactions

� Sensor technology
� Process modelling
� Biotechnology-based sensors and processes

Agro Food Quality
Launched 1991
Closed 1997

This programme focused on enhancing food quality
with particular emphasis on achieving this through
improved raw materials. The programme took a
deliberate food chain approach with the first two of
the priority areas:

� Features of food raw materials that determine
quality for processing and for direct
consumption

� Strategies for enhancing raw material quality
� Measurement and understanding of physical

and physiological parameters of food choice
� Improvement of the nutritional properties of

food
Advanced and Hygienic
Food Manufacturing
Launched 1994

This programme recognized the importance of
improved manufacturing technologies, with the
following priority areas:

� Hygienic processing and control of
contaminants

� Process simulation in manufacturing
� Intelligent control strategies
� Production flexibility
� Advanced manufacturing systems
� Packaging

Eating, Food and Health
Launched 1998

This is a wide-ranging programme addressing the
link between diet and health and factors affecting
food choice

Food Quality and Safety
Launched 1999

This programme takes forward a number of the
priority areas in the closed FPS and AFQ
programmes:

� Raw material properties required for
processing

� Interaction of ingredients
� Measurement of quality and safety
� Strategies for enhancing food quality and

safety

research cost of over £50million, including the industry contributions. They have
drawn in some 200 companies directly into the partnerships and many more
through organizations such as the trade associations, the levy bodies and the
various intermediate organizations such asCampden andChorleywoodResearch
Association, Leatherhead Food Research Association, and Brewing Research
International. Significant contributions have been made to the science and
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engineering base underpinning foodmanufacturing, as indicated in the evaluation
described below.
There are numerous success stories, both in terms of the scientific advances

made in very challenging areas and in the commercial exploitation of the new
knowledge gained. The followingproject cases,mainly fromresearchunderpinning
food quality, illustrate some of these challenges and achievements.

Food Flavour Science

LINK AFQ 92: Aroma Release from Foods (1995—1998). This was a very
ambitious project set up between the flavour group at Nottingham University
and industrial partners from the food, flavour and instrumentation sectors. The
overall goal was to develop a real-time method for analysing volatile flavours in
the noses of people eating foods and then apply it to determine whether it related
better with the sensory perception of foods compared to the conventional flavour
analyses. The specification called for a technique that was sensitive (detection
limit around ppt or ppb), rapid (people breathe in and out every 5 s), capable of
analysing volatiles simultaneously (flavours containmanydifferent components),
could tolerate air and water vapour, was safe and caused minimal disturbance to
people. Previous attempts had failed to combine all these factors satisfactorily.
The research idea was to use a modified form of classical chemical ionization

mass spectrometry in which molecular ions are produced at ambient pressure
from sample molecules ionized in a corona discharge. This technique would be
inherently more sensitive and had met with some success in measuring air
pollutants at very low levels.
The project was high risk and an early milestone was to demonstrate technical

feasibility in order to secure approval to continue the research. This was achieved
and the consortium moved quickly to secure patent rights on the working
prototype for the apparatus to transfer expired air to the API-MS (Atmospheric
Pressure Ionization Mass Spectrometer). In broad outline, expired air during
eating was sampled through one nostril, then through a heated transfer line and
into an ionization source. Dynamic measurements of concentrations in the
breath were displayed on screen. With lag times from nose to signal on screen in
the order of milliseconds, many people commented on the strange experience of
watching what is happening in-nose before their very eyes.
Micromass were one of the consortium partners and were licensed to produce

machines for general sale under the MS-Nose name. So far, machines have been
sold in the USA and Australasia and the MS-Nose has generated much interest.
While the IndustryPartners investigatedhow the new technique could be applied
to their fields of business, the academic team started a programme to study
flavour release inmodel systemsand in foods to gain a fundamental understanding
of the processes involved. Much progress has been made as documented in a
series of publications.��� Since the project produced commercially valuable

� R.S. T. Linforth, I. Baek and A. J. Taylor, Food Chem., 1999, 65, 77.
� I. Baek, R. S. T. Linforth, A. Blake and A. J. Taylor, Chem. Senses, 1999, 24, 155.
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results, there has beenmuch interaction between the partners. Collaboration has
continued through other LINK projects and through industry funding for a
research post in the university.
The technique is now being used in conjunction with analogous techniques for

following non-volatile release in-mouth to build a full picture of the flavour
signals sensed during eating a food. This information is being analysed against
sensory data, obtained from a trained panel. Already, the new techniques are
showing clear evidence of interactions between the volatile and non-volatile
flavour compounds, which take place at the cognitive level.
The application of API-MS to real food systems is providing fundamental

information about volatile release in relation to physiological processes in the
mouth as well as the physicochemical processes that control release in foods (fat
content, viscosity, etc.). A very practical significance of the technique is that it can
drastically shorten the time and effort taken to reformulate the flavour of food
products.Overall, the project is considered to havemade a step change in flavour
research.

Food Polymer Science

Three major collaborative projects to study glassy and rubbery food polymer
systemswere coordinated byNottinghamUniversity over the period 1988—1996.
Twenty-two different companies were involved, varying from the very small to
the very large. These studies have broad industry applications and build on ideas
championedbyHarry Levine andLouise Slade in theUS, andFelixFranks in the
UK.
Much of the work in the first project focused on investigating the plasticizing

effects of water and sugar on the glass transition temperature of the biopolymers
amylopectin (the major component of starch), gluten and casein. Differential
scanning calorimetry and other techniques were used to provide systematic data
on these effects, which are important to understanding, for example, the
retrogradation of starch in baked products.
The second important transition which governs the behaviour of polymers is

the melting temperature. Again, studies were made of starch—sugar—water
systems and it was shown that at low water contents the melting point is
dependent only on water content and independent of the sugar content.
Nearly all food products are phase separated at one distance scale or another

and the amount of water associated with each phase will be different. It was
therefore recognized in the later projects that it was necessary to account for these
factors to predict the temperatures of the glass—rubber and crystalline—amorphous
transitions. Several approaches were taken to enable the monitoring of unequal
partitioning of water inmixed systems based onmeasuring the effect of hydration
of the individual components: starch, proteins and sugars.
In starch—sugar—water systems there is also an issue of the coupling of the

motion of molecules of different sizes. The original view that nothing moved
below the measured glass transition temperature has gradually been replaced by
a recognition that water, at least, is highly mobile. The mobility of intermediate
sized molecules within a polymer is being addressed in later research.
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As indicated earlier, the research results had important implications for the
prediction of starch retrogradation rates in baked products. These rates are
governed by the glass transition andmelt temperatures and were modelled using
theories from synthetic polymer science. This allowed predictions of the effect of
temperature in storage and composition factors such as water content, and the
type and concentrationof added sugars on the kinetics of starch recrystallization.
Using theoretical approaches of this type, combined with NMR, X-ray

diffraction and differential scanning calorimetry measurements, research at
Nottingham arrived at proposed molecular mechanisms for the role of sugar in
the process of starch recrystallization. This work has provided an understanding
of the effect of sugar and has explained apparently contradictory observations.
During the course of these projects, ideas have been developed that are

fundamental to the understanding of the behaviour of low-water-content foods,
such as the loss of crispness of starch-based snack foods on storage. The new
knowledge is assisting the shift from a purely empirical approach to storage
stability and product formulation, replacing this with something that is more
systematic. The Nottingham team does not claim that all the answers can be
found in the polymer science approach. Foods are too complicated for that.
Nevertheless, the glass transition and molecular mobility have become essential
parts of the thinking of leading edge food technologists. The LINK programmes
have made a major contribution to the UK science base in this area.

Visual Appearance of Foods

One of the first food projects (LINK FPS6: On-line vision system for
multi-product cake line; 1990—1993) investigated amachine vision solution to the
inspection of decorated cake products. The target was to provide a real-time
inspection system that was also able to ‘learn by seeing’ so as to avoid extensive
reprogramming for every new product. The project partners included the
machine vision group at the University of Wales, Cardiff, an equipment supplier
and an end user.
The variable features of cake decorations meant that there was no template to

go by. It was thus first necessary to research the boundaries of acceptable
appearance and to describe this in termswhich could be used by amachine vision
system to discriminate between different groups of patterns. The acquisition of
images on a production line raised interesting issues regarding the effect of
lighting conditions, especially where the contrast between the cake decoration
and the base was poor.
The research demonstrated clearly the value of combining intelligent

knowledge-based systems (KBS) with image processing for inspecting products
with variable features. New generic methods for learning attributes of patterns
were produced with fast learning characteristics. The complexities of the
inspections tasks were, however, such that available hardware was not fast
enough to deal with normal line speeds. Further work was therefore needed by
the hardware partner in the project to provide the required high-speed, low-cost
hardware.
A further image inspection project started in 1995, this time with the objective
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of ‘seeing’ beyond themere surface appearance of a food product (LINK.AFQ59:
Disease, damage and sub-surface detection using image inspection; 1995—1999).
The objective was to research an automated system for discriminating on-line
between potato tubers showing either surface or sub-surface disease or damage.
The project partners were the Scottish Agricultural College, the Potato
Marketing Board and an equipment supplier.
For surface defects the research showed that the normal reflectance properties

of healthy potato tubers aremodified in consistentways in the presence of certain
diseases. The research provided information on the discriminant wavebands that
could be used in a multi-spectral camera to detect the diseases of interest.
Sub-surface bruise detection was achieved using transmitted light. Overall, the
project demonstrated technical feasibility of a number of approaches to
inspection. These are now subject to further development by the equipment
supplier as part of the exploitation plan.
A more recent inspection project is researching colour calibration for food

appearance measurement (LINK AFM65: 1998—2001). This research seeks to
adapt colour calibration technology used in the textiles industry and apply it to
complex food products such as vegetables. Conventional colour measurements
for such products ignore the variability across the image and simply provide an
average colour measurement. This does not represent what the eye sees.
The new research builds on the substantial progress that has been made in

computer-based colour imaging, enabling analysis of CIE (International Lighting
Commission) colour information at a pixel level.With this detail, the information
received from, for example, a vegetable product will yield many tristimulus
values, indicating the variability in colour. This information can be visualized on
a calibrated screen in CIE colour space. However, to produce satisfactory visual
matches of products it is also necessary to develop a colour appearance model
that is capable of predicting the perceived change in appearance for various
media and viewing conditions. Such colour appearancemodels have never before
been applied to foods.

Data-based Modelling to Control Food Quality

LINKFPS106: AdvancedProcess Supervision (1993—1997). This project aimed
to demonstrate how improved analysis of large amounts of process data from a
food manufacturing process could provide the basis for enhanced supervision
and control. Key targets for control were more consistent quality, a reduction in
the effects of raw material variations, and the ability to operate closer to process
constraints. The project partners were the University of Newcastle together with
a number of food manufacturing companies.
Data-based modelling had already been adopted in petrochemical processing

where the academic partner had considerable previous experience. The new
project aimed to research the application of similar approaches in a continuous
food manufacturing process, using a breakfast cereal line as the test bed. The key
aim was to overcome the theoretical process modelling and control challenges
posed and to determine a robust implementation procedure.
The first stage in the modelling exercise was to gather representative process
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data. This proved to be one of the most important stages in model development.
It was first necessary to identify the (off-line) variables that quantify quality and
then the on-line process variables that were related to quality. Initial process tests
were carried out to determine the appropriate logging frequency and accuracy
needed. This required statistical analysis of the information from the plant
computer system as well as laboratory samples. Data logging and modelling
studies followed, first using linear regression approaches (multiple-linear regression,
principal component regression and partial least squares) and thenmoving on to
non-linear methods (artificial neural networks). Hybrid modelling, integrating
mechanistic and data-based models, was also studied. During the course of the
research, novel algorithms and procedures for data analysis were developed.
Thequality of thedevelopedmodelswas assessed for accuracy of implementation

and subsequent operator use. A PC was linked into the existing data logging
systemand software produced to allow themodels to be implementedon-line and
provide operators with real-time advice. Initial conclusions were that the
variance of the five output quality measurements had reduced significantly when
compared with the process behaviour prior to implementation. The commercial
benefits of greater product consistency has provided the incentive for the
company to deploy the model-based approach to controlling other lines in their
manufacturing operations. A further major deliverable of the project was a
software tool box allowing both off-line analysis and on-line implementation of
themethods. Discussions are taking place with a software vendor to enable wider
access to this toolbox.
Overall, the project proved a theoretical concept in the context of real-time

process supervision and has moved the food processing industry to a new and
more sophisticated level in the development of process control techniques.

5 Promoting Dissemination and Exploitation

From the outset the Food LINK programmes have promoted networking of the
LINK research community and stimulated wider awareness of research outputs
through the arrangement of one-day dissemination events. Each research project
has thus been presented at least once and often more than once. Some 30 such
events have been held, in some cases combining LINK with related research
funded by the Research Councils or the European Union. Although LINK
partners are bound by the intellectual property agreement entered into at the
start of projects, this has in most cases not hindered the dissemination of major
research outputs.
LINK project partners are prompted periodically to demonstrate that

exploitation is given appropriate consideration as the research results emerge.
Final payment of grant is contingent on the submission of a project completion
report which, among other things, has to include an exploitation plan. Projects
completed since 1998 have been followed up for a period of two years post
completion, with further prompts regarding exploitation.
The Teaching Company Scheme is, as a matter of routine, suggested as a

possible route bywhich companies can take the research forwardon a one-to-one
basis with their university partner. The advantage of this route is that it provides
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additional manpower for companies whose existing staff may have neither the
time nor the expertise to interpret and exploit the new knowledge by applying it
to their particular range of products or processes. For many companies the
method of choice is to fund a studentship to pursue particular research leads on a
one-to-one basis, focusing on company-specific applications.
The programme evaluation report discussed below included a recommendation

that the Research Associations should be invited to help stimulate wider
exploitation of the Food LINK research outputs. The Research Associations
(RAs) were thus invited in 1997 to put forward suggestions on how this could be
accomplished. This resulted in the development of a web site for food LINK
research, presentations of LINK research to industry panel members of the
Campden and Chorleywood Food Research Association, and a programme of
visits by a consultant to individual companies to explore opportunities to apply
LINK research outputs. These exercises have illustrated the difficulty in
achieving significant impact through one-off events. This has stimulated the
development and testing of newmechanisms for translating scientific discoveries
in the science base into specific applications in companies outside the immediate
LINK project partnership. Continuing efforts are being made by MAFF to test
innovative approaches, with the aim of widening the uptake by industry of food
LINK research outputs.

6 Evaluation of Two Food LINK Programmes

A firm of consultants, Public and Commercial Economic Consultants, was
appointed in 1997 to evaluate the FPS and AFQ LINK programmes (see Table
1). Both programmes were closed to new applications but many of the projects,
especially in the AFQ programme, were still under way or had not started. The
objectives of the exercise were to analyse the extent to which the two programmes
had met their specific objectives, and whether they represented value for money
to the sponsoring departments. The evaluation was largely survey-based,
comprising telephone interviews with 168 partners in a sample of 37 projects
(50% of all projects) and face-to-face interviews with 10 projects. In addition, a
panel of experts was consulted.
The evaluation concluded that both programmes were effective in relation to

most of their objectives. They were associated with important intermediate
outcomes and impacts as well as measurable business and economic benefits.
Very few of the projects would have gone ahead without the LINK support, even
at a reduced scale or at a later date. Overall, it was concluded that the
programmes provided value for money.
Many of the participants had been involved on a repeat basis and a very large

majority of participants responded that, given the opportunity, they would
definitely or probably participate in LINK research again. Both programmes
were thought still to have a valid rationale, the inference being that there was a
need for a follow-on programme to succeed the FPS and AFQ programmes.

Specific Findings

Keymotivating factors for industryparticipationhavebeen insufficient knowledge
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and finance to go it alone. The academic partners, on the other hand, have used
the programmes effectively to improve their ability to work with industry. They
reported significant additional funding resulting from their LINKresearch,much
of it from industry sources.
Most participants in food LINK had already worked collaboratively,

although not with the partners in their LINK projects. Collaborations were
characterizedby active andmulti-directional exchange of ‘knowhow’ between all
the parties, and they tended to work better than was anticipated at the outset.
At the time of the evaluation, nearly two-thirds of participants had made

progress towards commercial exploitation of the outcomes of their projects and
this frequently involved further R&D. A majority of academic participants had
undertaken consulting or contract research on the strength of their LINK
involvement.
Three-quartersof participantswere able to estimate how large the business and

economic benefits were/might be. These benefits take around five years after
project start-up to emerge (in the case of industry partners) and three to four years
in the case of academic partners.
The view of the panel of experts was that the two programmes had a rationale

that was still valid. Even large companies need the stimulus which the
programmes provided. The science content was regarded as both relevant and
high quality, and in the large majority of projects was of an internationally high
standard.

Lessons Learned

The evaluation also pointed to a number of areas for improvement. It was
suggested that the dissemination process could be strengthened to stimulate
wider exploitationof researchoutputs, particularly by small firmswhichwere not
well represented in the programme.
The main area for improvement was seen by participants to be in speeding up

the project approval process and reducing the time to start up after projects are
technically approved. Participants also suggested that Project Monitoring
Officers (PMOs) appointed by the funding departments can be a valuable
technical resource to projects and thus have an important contribution to make.
It was noted that some PMOs were more active than others and the suggestion
was made that the appointment and briefing of PMOs should aim to achieve a
more uniformly high standard.MAFFhas taken onboard both recommendations
for improvement.

7 The Future for Food Research Collaboration

The potential remains for science and engineering research to contribute to
enhanced food quality, food safety andmanufacturing efficiency. The replacement
of current empiricismwith a better understanding of food materials, the basis for
their functionalities and their interaction with process machinery, will provide a
more rational basis for both product and manufacturing process design. The
achievement of these goals will require concerted efforts involving supply chains
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and research scientists and engineers representing a wide range of disciplines.
Research collaboration is thus likely to continue but under formats that are
adapted to current needs.
Since the early 1990s, when the food LINK programmes were only just

starting, many food companies have undergone changes that mean they no
longer have the staff resources to participate speculatively in academically driven
research. They thus look more critically at proposals that are put to them,
expecting more explicit links with prospective business benefits. In light of
experience, many firms are alsomore realistic about the intellectual challenges of
interpreting and translating research outputs into specific applications. It
appears that competing calls on the time of their most experienced staff means
that participation in pre-competitive research is often regarded as a luxury that
firms believe they cannot afford.
Other factors detracting from research collaboration are the time and effort

required to set up multi-company projects, the lack of total confidentiality, only
partial control over the directionof the research, and the long timebefore benefits
begin to accrue. Some of these barriers can be overcome by one-to-one
collaborations between firms and the universities and this is the route that some
firms are deliberately taking. However, this route is unlikely to enable the more
risky and resource-intensive research areas, with potentially higher long-term
rewards, to be tackled.
Approaches which government sponsors can take to overcoming barriers to

collaboration are to provide small amounts of funding for ‘getting to know you’
and technical feasibility studies as a preamble to the development of full
three-year collaborative projects. This is the rationale behind the recently
developed Bridge-LINK scheme in MAFF. Another approach is to stimulate
greater industry pull by employing facilitators, experienced at working at the
industry/academe interface, to help generate industry-driven research. Most
importantly, sponsors must also work with their constituencies to find ways to
speed up the process of getting projects started.
During the 1990s there was a steep increase in the provision of funding for food

research collaboration froma variety of public funding sources. This included not
only national programmes such as LINK and the Teaching Company Scheme
but also the Europe-wide Framework programmes, which have seen particularly
strong growth. During this period, both industry and the science base have built
up a great deal of experience and skill in how to make research collaboration
work for both parties.
Itmay be expected that significant public fundswill continue to be provided for

collaborative research. This is stimulated by the growing appreciation of the
value of drawing together scientists and engineers from different academic
disciplines and of drawing together partners in the supply chain. The challenge
for funderswill be to ensure that programmes are accessible andmeet the needs of
both industry and the research-base participants. Funders will in addition need
to ensure that programmes achieve benefits more widely for the food industry.
The challenge for industry and academe is to make effective use of the
programmes that are on offer. This means devoting effort on all sides to identify
high impact areas and strong business cases for research.

C. Goodacre
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