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PREFACE

The food induBy is an important part of economic development in both the EU and NZ. The
types of foods produced, e.g. dairy, meat, wine, fruit, vegetable and seafood are similar and
many of the threats and opportunities respect of diet and health, food safety, Iqua
sustainability,animal welfare and traceability are common to both regions. In reality these
issues are increasingly important globally and demand a-matlonal approach to research.

Whilst many national programmes across Europe and the EC waaknProgramme aim to
encourage collaborative activities between industry and the research base, much work remains
to be done to improve the functionality of these relationships and increase the rate at which
research and innovation, that meets the neétiseoconsumer, feeds through to commercial
realisation. The implementation of best practice in collaborative research is essential to
ensure that innovation is adopted by all sectors within the food chain and all components of
the industry, not least tf@MEs. The recommendations arising from workshops dealing with
these issues are presented at this conference.

The focus of successful innovation must be on the needs of the consumer. Ultimately,
consumer acceptance of new technologies must be gainéie iinnovation is to be
exploitable and commercially sustainable. The fate of many new developments has been
sealed by a failure to take consumer perception and opinion into account. The consumer is
prepared to take a calculated risk on the unknowrelf ttan see a clear and personal benefit
arising from it. A group of such benefits i

Improvements in the quality of life can clearly arise from healthy eating and the
environmental and social improvements te be derived from sustainable food production.
Furthermore, consumer benefits associated with convenience, eating enjoyment and choice all
contribute to well being. The papers presented at this conference reflect these issues and are
grouped into thenmsecovering new and emerging technologies, personalised foods for health,
food safety and sustainability including animal health and welfare.

It is perhaps, therefore, not surprising that these topics are closely aligned to the six key
challenges identifig¢ within the Strategic Research Agenda of the ETP Food for Life. It is
also entirely appropriate that this research agenda be presented at this conference as a
framework for the development of new research collaborations between the EU and New
Zealand.

Enjoy reading the abstracts.

Maurtin Hall
Co-ordinator of Food-Frenz
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THE FOOD RESEARCH AGENDA IN NEW ZEALAND

Helen Anderson
Ministry of Research, Science and Technology, Level 10, 2 The Terrace, Wellington, New

Food and beverage research is very important to New industry cefunding. Four broad areas have been
Zealand. The food and beverage sector is one of the indentified for investment: sustainable pastoral systems;

centr al pillars of New Ze alresaardhbasnd ilmmavationcapgbility; foodtinndvdiiantandn g
around 10% of GDP. lts future growth and prosperity product development clusters andfrastructure and

will be reliant in great part on the @ljation of research, internationalisation.

science and technology (RS&T) to its products and In addition to the wider partnership activities with
processes. This will include RS&T contributing to the industry, the recently published Government Agenda for

maintenance of traditional competitive primary industry New Zealand Research, Science and Technol@y
advantages and a concerted push towards the identifies future food research as a transformational

development of ever more vahadded food products RS&T opportunity for New Zealand. The strategic vision

and ingredients and the growth of high value firms. As for investment in future foods research is to catalyse a

sustainability drivers move to centre stage, growth will stepchange in the delivery to markets of vakeded

increasingly need to be coupled with the diffusion of food products and ingredients.

sustainability along the whole food vatakain. The government is also in the process of developing
New Zealand has wht class R&D capabilities a Food Reswch Roadmap to guide the future

supporting the primary pr o develdpmeatrof ity wideuievestméns innfgod réséarcio m
farm to for k&. -sfaddiag €rengths c | u(idhie indludes gresearch to support the sustainable
supporting the breeding, produi processing and economic growth of the food industry and research to
delivery to markets of higlhalue wholefoods like support public health outcomes). With current
Zespri E Gold kiwifruit. S u sinvastmerat kevelstabp3d mitian mper anpume fdod artdi o n
focused research in areas like pastoral greenhouse gas beverage research accounts for around 15% of the

emission research are also moving to centre stage. gover nment s tot al invest ments
Emerging research streihgt are focused on functional Research Roadmap will chart &l8 year plan for food
foods and ingredients, bioactives and personalised research investment in New Zealand. This will include a
nutrition.  Notable research capabilities include focus on prioity international research relationships.
nutrigenomics, gut health and nutritional epigenetics. The Roadmap is scheduled for publication by June 2009.

In recognition of importance of this sector, the New
Zealand Governmenis implementing a bold suite of REFERENCES

policy initiatives to drive the sustainable economic
transformation of the food and beverage sector in New
Zealand. These are strongly centred on research and httR://www.maf.govt.nz/mafnet/nesealanefast
innovation and a partnership approach with industry to forward/index.htm

drive upprivate sector investment and uptake of R&D. In 2. From Strength to Strength:

May 2008 the Government announced the New Zealand  Government's Agenda for New Zealand Research,

1. New Zealand Fast Forward:

Fast Forward schem@). This is a governmeshdustry Science and Technology (July 2008):
investment collaboration whereby the government will http://www.morst.govt.nz/publicationszg/govt
make a capital investment of $NZ700 million todpent agenda/

over 1015 years. This investment will be matched by

Proceedings of the Foderenz conference Pageb of 62


http://www.maf.govt.nz/mafnet/new-zealand-fast-forward/index.htm
http://www.maf.govt.nz/mafnet/new-zealand-fast-forward/index.htm
http://www.morst.govt.nz/publications/a-z/g/govt-agenda/
http://www.morst.govt.nz/publications/a-z/g/govt-agenda/

FOODFRENZ 1T OBJECTIVES, ACTIVITIES AND ACHIEVEMENTS

Martin N Hall
Campden & Chorleywood Food Research Association, Chipping Campden, Gloucestershire GL55 6LD, UK

INTRODUCTION

A successful and progressive food industry is key to

economic prosperity in both the EU and NZ and can have
major impacts on employment, export earnings, import

costs and social conditions including health afestyle.

The development of innovative, novel food products that

meet consumer needs in a global context is critical in

ensuring a successful food industry. To achieve success
in this way it is essential that effective and targeted

research is undertakamd exploited by industry.

OBJECTIVES

FoodFrenz is a Specific Support Action funded under the

Food Quality and Safety priority of Framework 6. The

project aims to explore and establish best practices in

collaborative research in five key areas; perseedl
foods, food safety, sustainable food production, animal
health and welfare, and innovative technologies. It brings
together EU partners, representing a gateway to research
and industry organisations throughout the EU, and much
of the science base dew ZealandThe project provides

a mechanism by which scientists and industrialists in the

EU and New Zealand can compare experiences and

develop best practices in two key areas:

e crosssectoral collaboration in the food sector and
associated discipline® tensure that the researchers,
industrialists and funding bodies work together
effectively within a framework of trust and teamwork

e exploitation of research by the integration of
consumer needs and perceptions into research
programmes to ensure that inntiga is driven by
and accepted by the consumer

=
—_—
= =
—

ACTIVITIES
To achieve these objectivéiee main activities have been:

e a joint EUNZ workshop aimed at identifying best
practice for achieving effective collaborations among
industry

e universities andasearch institutions with a particular
focus on SME engagement

e a second joint workshop focused on using consumer
foresight to shape food research approaches and
directions

o fellowships to allow EU researchers to undertake
study visits to NZ to meet and workith relevant
researchers and industries (WP3)

e an international conference where findings and
recommendations from the workshops and study
visits are shared and opportunities for future
collaborations identified

e dissemination activitieprimarily via a FodFrenz
website

ACHIEVEMENTS

The workshops were very successful. The quality and
level of discussion was highly regarded by the
participants and from them the report and
recommendations have identified good practices in
relation to collaborative reseércindustry involvement
and consumer driven innovation. More information on
these will be provided by other speakers at this
conference.

Places for study visits were vigorously contested and
feedback extremely positive on their value and the
collaborative links established.  There will be an
opportunity later in this programme to hear about some of
these visits.

THE EUROPEAN RESEARCH AGENDA

The aims of FoodFrenz align very closely to the
European Technology Platform on Food for Life (FFL
ETP) strategic earch agenda. It is envisaged that the
research capabilitee across Europe and New Zealand
particularly in the light of the recent STC agreement
signed between New Zealand and the EU, will contribute
toward the implementation of these research needs. T
this end the FFL ETRare actively participating in this
event.

Proceedings of the Foderenz conference
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ACHIEVING SUCCESSFUL RESEARCH PARTNERSHIPS:
BRUSSELS WORKSHOP CONCLUSIONS

Ray J Winger
Institute of Food, Nutrition and Human Health, Massey University,

Private Bag 102 904, North Shore Mail Centre, Auckland, New Zealand

INTRODUCTION
The FOODFRENZ Wor kshop
Coll aborationbo was -B &prill i

2007. The wdtshop brought together a wide range of
actors in the industry: research association: tertiary
institution nexus related to food research.

The key intention was to brainstorm features of
successful collaborative research projects and identify
best practice.

PRESENTATIONS
A series of presentations provided examples of

successful collaboration and opened debate about reasons

many projects did not succeed. These scene setting
presentations included:
e The NZ and European Wine Industries
e Assessment of IMPACT ahEU FAIR Agrifood
research programmes
NZ Crown Research Institutes
Collaboration of fresh functional foods
Norwegian experience in food research
Industry collaboration in global dairy
University perspectives with health foods
The details of each presatibn are available on the
website (www.foodfrenz.com

WORKSHOP OUTCOMES: STAKEHOLDERS

Four stakeholders were identified as key players in the

innovation framework:

e industry

e universities and academic staff

e research associations and research staff

e governnent agencies
Each has their own culture and reason to be involved

in food innovation. For example, industry tends to focus

on obtaining proof (or disproof) of a concept or idea that
could be commercialised, commercialisation of the
outcome of the R&D, anckvenue generation due to new
product sales or increased efficiencieResearch
organisations are concerned with commercialisation of an
outcome or product, revenue generation, and continuity
of scientific capability by acquiring revenue through
grants, at.. University staff, on the other hand, are
interested in continuity of scientific capability, effective
research networking and publications. Government
organisations are interested in direct or indirect social
benefits and effective research networking.

Each organisation also has a different culture and
driver within its various layers (from corporate to
individual scientists).

The key success factors for each stakeholder were
identified as:

e Universities now want to exploit their inventions,
so Univergies wish to hold IP. Academics,
however, see their success in getting grants,
publications and winning prizes.

e Industry wants sales, profit and bottom line results
T competitive advantage in the market place and
problems solved.

e Research Associations want development of

n  sciemtifictcapabilitadnd revenad generation.

e BGouesnmeniwants fo 6e@ the dévelopment of softer
skills (young people, strong education base to
improve the thinking of citizens) and development
of networks. The government tends to be stipng
lobbied with individual lobbyists focused on their
own problems. They try to get a balanced approach
to investment.

Most individuals just want to get the job done.

These different cultures and expectations result in the
ultimate measures for differenstakeholders having
different timing.

KEY PRINCIPLES AND MODEL

The key recommendations from the workshop were:

e create the right conditions for end user engagement

in programme planning, execution and decision

making

ensure the right instrument / modet fngagement

communicate benefits via case study and examples

work out IP at beginning and avoid deal breakers
use the right people, right thinking, aligned to the
time frame and needs (eg incremental development
versus breakthrough knowledge building)

e University administrators and funding bodies to
provide incentives to engage meaningfully with
SMEs

e Free/reduced cost access to research infrastructure,
tax breaks and/or other mechanisms to encourage
SME involvement and make sure financially
supported

e encarrage SMEs to engage in larger industry
associations to access transtitutional research
concepts and ideas where applicable (into big club
with Universities)

e really get industry to clarify their strategy.
Academia has thought leadership rdle should
influence industry strategy.

The key principles and operating model for successful

collaboration at a project level are:

e establish common goals and success factors for each
stakeholder at the onset, including different layers of
each organisation

e identify measures of success for each partner at the
start

e ensure all participants are aware of each others
needs when projects are discussed and defined

e no surprises, hidden agendas must have
transparency
all partners need to benefit

e establish appropriate divarcriteria and process

e identify funding streams to facilitate interactions
between commerce, universities and contract
research organisations

e review regularlyi evaluate positive and negative
throughout
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- communicate and disseminate success
- learn from mista&s

- provide a platform for future projects

- retrospective evaluations

The workshop also identified a range of issues to be
considered for enhancing industrial engagement,
elaborating upon the philosophies and concepts identified
above. These will be presedtin greater detail atr the
Conference.

OPERATING PRINCIPLES FOR FUNDERS

Given the significance of the food industry in health the
level of funding is small compared to pharmaceutical and
medicine. Greater emphasis needs to be given to food
research inihe with the Strategic Research Agenda of
the European Technology Platform on Food for Life.

There needs to be clear integration and
interconnection between shadaerm and longerm
research. This requires tactical consideration and
continued funding of kb strategic famarket and more
applied collaborative research.

In particular, SMEs risk needs to be removed from
the research process. This could exploit processes such as
the EU Risk Sharing Finance Facility although this
delays rather than mitigatesaigst the SME risk.

Clear processes to promote transfer and exploitation
need to be built into projects as an essential funded
element.

Collaborative research is important to different
stakeholders for different reasons. Project definition and
evaluation eeds to take into account all these benefits.

Evaluation needs to consider evidence of effective
teams with trust and consultation built in and ideally
prior  evidence  of  successful  collaboration.
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INTEGRATING CONSUMER FORESIGHT INTO RESEARCH: BRUSSELS
WORKSHOP RECOMMENDATIONS

F. Roger Harker
The Horticulture and Food Research of New Zealand Ltd., Private Bag 92169, Auckland Mail Centre,
Auckland 1142, New Zealand

INTRODUCTION Many SMEs are dynamic businesses that are in a

The t hemes for Food F R E N Ztate af constanOchagde  @rde? to maingaith competitive
nutrition6, oO0food safetyod, advaidganand respahd to icHanges indthe Wharkefplacde.e f or
food productiono, 0sust ai nrpbragy SMELsacless ndtyss rhuehnasfified inaeitngs
6innovative technollopménecs 6. 4 seturpsiof iivestnént ak it i€ defthe€d\bgtheir survival.

the network, a workshop od Co ns umer w&o r e s|h thé dae wayhat it was possible to infer the value

held on Wednesday 4 and Thursday 5 A@@07 at the arising from déconsumer foresight
Leopold Hotel, Brusseldl). companies / multinational companies, it is possitm
The workshop involved participants from academia infer an increase in survival rate for SM@3.

and industry giving a range of formal presentations that
covaed () approaches to the collection of consumer Recommendations

information, (i) how this information provides useful e Improve SME involvement in 6c¢
insights into consumer trends, andi)( how such by facilitating collective approaches by clusters of
information is used to guide food and beverage SMEs with similar 6foresightd
innovation. This was followed by sessions in which key ° Facilitate greater dissemination of relevaand
drivers of current and future food and beverage existing 6consumer foresightod
consumption were considered. These latter sessions 4 Review and identif y best prac
focused on three questions: . This will involve evaluation of existing
e What is foresight and what are its relevance, value 6foresightingo approaches ar
and applicability to small and medium sized development of appropriate methods and protocols.
enterprises (SMEs) and largengpanies? It is anticipated thathe process of development and
e What are the roles of innovators, consumer scientists review of 6foresightingdé wil
and marketers in future foods for diverse markets? evaluation of its success in realistically predicting
e Who are the gatekeepers? How do they form their future food consumption issues.

opinions and policies and how can their actions be e  Foresight must be a continuous dynamic pracess
positively influenced?

THE ROLE OF STAKEHOL DERS

The current papereproduces the main conclusions Innovators inthe Food and Beverage industry are the
and recommendations arising from the workshop visionaries, implementers and champions of change. It is
discussions. important to recognise that they not only create new

ideas, but also implement changes in a way that captures

CONSUMER FORESIGHT value for hdustry, consumers and societyzood
6Consumer foresighto s thpmnovatler ¢tah tarkse thrédugh &dhéepts Hebefope@ bya n d
connect to the future needs of consumers over-gead individual industry participants with diverse roles and
plus horizon and develop a route pnand consumer skills, including food technologists, marketers, +foad
centric culture in the food and beverage industry that will disciplines and consumers. However, in most cases the

increase the likelihood of delivering products and success of a new food and/or beveragedependent on
services that meet if not exceed the needs of individuals  an holistic focus to foodand beverageelated new

and society. I'n order to depréduce Bevelopnfefit,S whitte engdges rwab thasd t 0 1t i
important totrack consumer behaviour (beliefs, attitudes, diverse skillbases.
perceptions, preferences and food choices) from the past Given that successful food innovation requires the

to the present in order to identify trends that can be used  input of many different participants, it is important that

to develop a series of scenarios that represent future allthese peopl e participate in

options for food consumption withirsieties. foresightoé initiatives. The in
6Consumer foresighto wil | makétdptesethte anVoRdoigachalleAge antl ®ppértlinitys

that are relevant to consumers, food and beverage to food innovators as the marketplace is increasingly

industry, government and policy makers, as well as influenced by glocalisatio(), local foal reemergence,

science and technology providess range of benefits andgrowing cultural diversity. Mrket diversity reflects
will arise from ocsruecscieghstfu:l #opierdnsifyEterition being focused on the voice of the
food industry there will be improved competitive consumer both individually and collectively, and, along
position and financial success; for governments there will  with this, there is an increasing requirement for
be reduced costs and general benefits to society as a transparency oflacomponents of the entire food chain.
whole; and for science organisations there will be Effective innovators in the food and beverage
successful developmentn@ implementation of new SMEs need to integrate aif the abovecomponents to
technologies and associated human and organisational make products targeted to each consumer. It is
capability development sometimes difficult for food technology innovators in

Success in terms of 6cons BWE focohreditharketers And €oRstinhefscidhifsté €
a dramatic impact on the return on investment in research  in a manner that allows robust development and

and development for large / multinationainspanies by evaluation of new food concepts. In many cases, the
increasing the rate of success of new products and ssues are not merely access to these-lsaies, but also
serviceq(1). differences in philosophy, language and motivation. It

was thought that there was a need for more investment in
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developing consumer science capability to alleviate some

of these issues. Gatekeepers such as government

regulators as well as retailers also play a key role in food
and beverage innovation.

Recommenditions

e The multidisciplinary nature of food and beverage
innovation needs to be recognised and maintained.

e |t is essential to improve recognition and respect
among all participants in order to achieve
integration and improved success rate of the food
innovation process.

e To this end it is important to provide
multidisciplinary forums to stimulate and hear
creativity and to disseminate structured overview,
guidelines and founding principles along with key
results across all food science disciplines.

e S ME s é&essato and level of understanding of
information on the diversity and dynamics of
marketing (in all markets) needs to be improved.

e It is critical that gatekeepers (e.g. retailers and
regulators) become integrated into any process that
ai ms

THE GATEKEEPERS AND THEIR INFLUENCE
Gatekeepers Aiturn the tap
consumer access to foods and beverages. Key
gatekeepers include retailers, regulators and policy
makers, and investors in new product developméiht.
these organisations have in common their ability to make

decisions that directly inf
as to what food and bever
consume. Scientists and science often hold a critical role

in decisionmaking at the sta of the food innovation
process (scienée SMEsA retailer A consumers). As
such, scientists can influence food and beverage
innovation through their preconceptions and dogma,
which can direct research down one route instead of
another. However, this wansidered a consequence of
the nuances of individual scientists rather than a
deliberate policy of science organisations and therefore
science/ scientists were not
The food and beverage gatekeepers are not islands
unto themskes. Rather they are subject to the influence
of a wide range of organisations and individuals.
Organisations that exert pressure on, and sometimes
influence gatekeepers include) (media, increasingly
now the internet; i) consumer advocacy groups and

other pressure groups (generally fgovernment
organisations, NGOs); iii) industry (mainly
multinational  enterprises, MNES); ivf medical
professionals who are among the most trusted

professions in terms of food and nutritional advicg; (
the court of pblic opinion, particularly how it relates to
national and regional interests. The gatekeepers and their
level of influence can vary widely from country to
country. In some countries central government holds
greater influence over food supply, while in otiies
such as the UKretailers hae a greater impact on
consumersd6 food choices. Ga
be reactive and work to short timescales out of necessity.
They may operate this way to stay in power or to keep
people repurchasing from theioutlets. As a result of
this, time horizons for many gatekeepers can be
relatively short.

Among academics there was a concern over the way
in which some O6playersbd
and public opinion. In particular, there was concern over

seek t

exreme and polarising views that are often politically
expedient, rather than responding to the need for rational
debate. In order to minimise the above influencers, it
was recognised that in pursuing innovation there was a
high need for ethical and open commnication. Science
needs to be as open as possible and to avoid being seen
as secretive. Approaches to this will probably need to
diverge according to national and/or societal differences.
It is important to have good and open relationships with
the media and carefully consider the impact of
information being released. Gatekeepers are positively
influenced by food and beverage innovations in which it
can be demonstrated to consumers that the innovation is
based on science that is transparent, honest, and
demonstrates social and environmental responsibility, as
well as providing improvements in health, nutrition and
public health, or some other benefit to the consumer.
Governments are particularly influenced by improved
public health as well as science inatiens that are
transparent and honest and socially responsible. In
addition to these, retailers will be looking for food

tocdesemep BHoresight gwnovations that are safe and traceable, can be tied into

strong brands that offer exclusivity, and can be used in
positive press tompmote their stores. Food and beverage
inheyatiogs, ghat 4nvglvg  manjpulatio | of, hHaturals
organisms should be anticipated to take time before they
become accepted by some societies. There are often
feedback loops among media, consumers and
gatekeepers thagsult in dynamic interactions.

|l uence consumersd6 free choi

Repmynendatipgs wi || or wonot

e It is important to encourage stakeholder
engagement with gatekeepers early in food and
beverage innovation. This should reduce the risk
that new products and/or technologies will be
rejected by gatekeepemsdior consumers.

e Early engagement with gatekeepers could be
encouraged by establishing mechanisms to involve
gatekeepers and their influencers in the
devel opment of O6consumer

* ¢ & W ibel npogtant te premote the doenefiksect per s 6 .

strategic thinkindy the food and beverage industry
(MNEs and SMEs), gatekeepers and the groups that
influence gatekeepers.

e Itis important to understand and possibly influence
consumer opinion at the outset of the innovation

process through effective and transparent
communication. Consumer opinion should be
solicited at regular intervals throughout

development of new technologies, products and
services (perhaps at yearly intervals if appropriate).
Should the innovation process become disengaged
from consumer opinion, therocess should be
halted.

REFERENCES

1. Anon (2007). FOODFRENZ Report on Workshop 2:
Consumer Foresight;8 April 2007 Leopold Hotel,
Braskets.aitpd/wvev.foedirena qom/ac@ btmt e nd t
2. The Economic Timef002).
http://www.swaminomics.org/et_articles/et20623_gl|
ocalisation.htm{Downloaded from the World Wide Web

on 21 July2008).
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NEW GENERATION GM PLANTS WITHOUT FOREIGN DNA: IMPLICATIONS
FOR FOOD PRODUCTION

Anthony J. Conner, Julie Pringle, Sathiyamoorthy Meiyalaghan, Andrew S. Catanach and Jeanne M.E. Jacobs
New Zealand Institute for Crop and Food Research Ltd, Private Bag 4704, Christchurch New Zealand

INTRODUCTION

Genetic modification (GM) of crop®ffers immense
opportunities to incorporate new genewigrop plants.
This can result from the transfer of genes conferring
resistance to pests, diseases, herbicides, and
environmental stress, as well as conferring improved
quality traits such as improved pdsirvest storage,
flavour, nutritional content, ah colour (1). Genetic
engineering in this manner will provide plant breeders
with elite germplasm to develop new and improved
cultivars for satisfying the increasing consumer demand
for a consistent supply of high quality, blemisbe
grains, fruits and egetables produceth an environ
mentally benign and sustainable manner.

Despite the rapid global adoption of some GM crops
(2), many concerns have been raised about the use of GM
crops in agricultural production (3, 4). One of the main
underlying concers, especially in relation to food
production, involves the ethical issues associated with
the transfer of genes across very wide taxonomic
boundaries (5). Current advances in plant genomics are
beginning to address some of these concerns, especially
issuesassociated with the transfer of genes across species
barriers. Many genes for transfer via plant transformation
are now being identified from within the gene pools
already used by plant breeders. More importantly, the
vectors for transferring these ger@m also be derived
from the species to which gene transfer is intended.
Using potato as an example, this paper summarises new
approaches for the genetic modification of crops, without
the introduction of foreign DNA, and the implications for
the precisiorbreeding of crops for food production.

INTRAGENIC VECTORS FOR GENE TRANSFER
The intragenic vector system involves the construction of
gene transfer vectors in whietl DNA to be transferred
to a crop originates from within the genome of the target
crop (6). This involves the identification of DNA regions
in plant genomes with the functional equivalence of
important vector components, often achieved by fusing
together two independent DNA fragments. Using
bioinformatic tools we have identified pladéerived
sequences equivalent to important vector components
such as IDNA borders, origins of replication, selectable
elements for use in bacteria and sequences for site
specific recombination, from a wide range of plant
species (7). This has allowed us to desig silico
vectors for gene transfer using eith&grobacterium
mediated gene transfer or direct DNA uptake. To date,
we have constructed such vectors fArabidopsis
petunia, potato and onion and demonstrated their effect
iveness for gene transfer toetrespective plant species.
Most of our research is currently focusing on
developing intragenic gene transfer systems for the
genetic enhancement of elite potato breeding lines and
cultivars.To date, wehave constructed intragenic vectors
for gene trangfr to potatoes using bothgrobacterium
mediated transformation and direct DNA uptakée
target the desired expression of potato genes we have

also constructed a series of potato expression cassettes.

This involves deleting the coding region of specific
genes to leave the promoter and terminator regions
separated by restriction site(s) into which the coding
regions of other potato genes can be cloned. These
cassettes have been constructed from a chlorophyll a/b
binding protein gene for foliagepecific gee
expression, a granuleound starch synthase gene and a
patatin gene to target tubspecific gene expression, and
the ubiquitin3 gene for constitutive gene expression.

The accurate design and construction of vectors is
necessary to avoid the inadvertemtclusion of
nucleotide sequences of foreign origin. The cloning of
DNA fragments often requires blunt ligations to avoid
creating a duplication of cohesive ends at restriction
sites. Whenever possible we also try to construct
intragenic expression castest and vectors in a modular
manner to ensure they can serve multiple future
purposes.These tools for gene transfer to potatoes are
being used to deliver potato genes for further
improvement of elite potato cultivars and breeding lines.
In this manner alithe tools of molecular biology and
genetic engineering are used for crop improvement,
without introducing foreign DNA. This effectively
results transfjreonnc,
potatoes.

GENETIC ENHANCEMENT OF POTATO

We are usingunctional genmics approaches of over
expression and knoetown of candidate genes to
investigate the molecular and genetic basis of important
traits in potato. Thisinvolves allele mining from
germplasm collections to identify variant versions of
genes for the highlyargeted genetic improvement of
potato. The goal is to delivethese alleles to new
cultivars using intragenic strategies for the precision
breeding of target traits. As proof of concept for
intragenic gene transfer, our immediate targets are
disease resiahce, abiotic stress tolerance, and
anthocyanin pigmentation.

For disease resistance we are transferring the coding
regions of theStSN] StSN2and RB genes inserted into
an expression cassette derived from the potato
chlorophyll a/b binding gene. Th8tSN. and StSN2
genes are known to encode antimicrobial peptides that
confer resistance to many pathogens when -over
expressed in plants (8, 9). ThRB gene provides
resistance to late blight (10), the most debilitating
disease for the global potato industryurCaim is to
contribute durable disease resistance in potato for the
sustainable production of food.

Plant responses to abiotic stress imposed by
extremes in environmental conditions can severely
reduce the yield potential of crops. The ethylene
responsiveslement binding protein 1 (StEREBP1) from
potato is known to function as a transcription factor in
gene regulation associated with responses to abiotic
stress (11). Oveexpression of this gene is known to
enhance tolerance to abiotic stress in potatoadsa to
confer disease resistance in tobacco (11). We are
transferring this gene, under the controtlaf regulatory
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signals fromthe potatochlorophyll a/b binding gene,
with the aim of ensuring rapid crop recovery and
maintaining potato production follving environmental
stress.

Recent advances in the functional genomics of potato
are providing a greater understanding of quality traits,
especially the biosynthesis of starch and pigments. The
red and purple anthocyanin pigments found in potato
(malvidin-3-(p-coumaroyrutinoside)5-glucoside, pela
gonidin3-(p-coumaroyrutinoside}5-glucoside, peo
nidin-3-(p-coumaroyrutinoside)5-glucoside, petunidin
3-(p-coumaroyrutinoside)5-glucoside) provide import
ant visual appeal and have potential implicagidior
human health (12). We are identifying transcription
factors that control the anthocyanin pathway in potato
and are transferring these genes under the regulatory
control signals for tubespecific gene expression. This is
anticipated to ugegulate tie production of the natural
potato anthocyanins in potato tubers.

CONCLUDING DISCUSSION

The current research in genome sequencing and
functional genomics in plants is delivering a new
platform of knowledge for genetic improvement of crops.
This will provide unprecedented opportunities for
discovering genetic elements within species for use in the
genetic enhancement of crop plants. Such intragenic
transfers provide new precision breeding tools for
developing elite cultivars with improved biochemical
attributes and contribute to the production of high quality
food that is more nutritious and less perishable.
Transferring genes conferring resistance to biotic and
abiotic stress will improve the sustainability of food
production using more environmentally fi@gly crop
management practices.

Intragenic vectors provide a mechanism for the well
defined genetic improvement of plants using only DNA
sequences from the gene pool already available to plant
breeders. In this manner, genes can be transferred into
elite aultivars in a single step without linkage drag and,
most importantly, without the incorporation of foreign
DNA. Based on endogenous DNA sequences, it is also
possible to design new gene configurations. This may
involve the switching of regulatory regions target the
expression of a gene at a different time, a different
location or in response to a specific environmental signal.
Alternatively, "reverse genetic" approaches, such as
antisense or RNAI, can be used to "knaidwn" specific
functions in plantdy gene silencing, thereby redirecting
the metabolic flow along biochemical pathways and/or
promoting the accumulation of specific metabolites.

Genetically enhanced crop cultivars generated using
intragenic strategies pose some important issues for
defining, regulating and testing GM crops (1Bhe legal
definition of GM encompasses the use of intragenic
vectors in most countries, but in some countries such
plants fall outside regulatory oversight. More
importantly, sinceall the DNA sequences transferrace
already present in the existing crop, it is no longer
possible to apply routine GM testing procedures based on
the presence of foreign DNA.

The intragenic plants are equivalent to minor
chromosomal rearrangements, or mitnanslocations,
which could heoretically arise through natural or
induced rearrangements of the endogenous genome.
Given public concerns over the deployment of GM crops
in agriculture, especially for food crops, intragenic

vectors systems may provide a more socially acceptable
and reponsible way forward for genetic engineering. It
may especially help over time to alleviate some of the
ethical issues associated with the transfer of DNA across
wide taxonomic boundaries.

REFERENCES

1. Conner, AJ.and Jacobs, J.M.E. (1999). Genetic
engneering of crops as a potential source of genetic
hazard in the human dig¥lutation Researcd43: 223
234,

2. James, C (2007). Global status of commercialised
Biotech/GM crops: 2007. ISAAA Briefs No. 37.
ISAAA: Ithaca, NY.

3. Nap, J.P., Metz, P.L.J., Eder, M. andConner, A.J.
(2003). The release of genetically modified crops into
the environment: |. Overview of current status and
regulationsThe Plant Journ&@3: 1-18.

4. Conner, AJ.Glare, T.R., and Nap, J.P. (2003). The
release of genetically mddid crops into the
environment: Il. Overview of ecological risk assessment.
The Plant Journé@3: 1946.

5. Myskja, B.K. (2006). The moral difference between
intragenic and transgenic modification of plants. Journal
of Agricultural and Environmental Etrgcl9: 225238.

6. Conner, AJ., Barrell, P.J., Baldwin, S.J., Lokerse,
A.S., Cooper, P.A., Erasmuson, AK., Nap, J.P. and
Jacobs, J.M.E. (2007). Intragenic vectors for gene
transfer without foreign DNA. Euphytica 154: 3353.

7. Conner A.J., Barrell, P,JJacobs, J.M.E., Baldwin,
S.J., Lokerse, AS. and Nap, J.P.H. (2005).
Transformation vectors. InternatiorRatent Application
Number PCT/NZ2005/000117.

8. Segura, A.Moreno, M., Maduefio, F., Molina, A. and
GarciaOlmedo, F. (1999). Snakih, a peptide rbm
potato that is active against plant pathogévislecular
PlantMicrobe Interactions 12: 183.

9. BerrocalLobo, M., Segura, A., Moreno, M., Lopez,
G., GarciaOlmedo, F. and Molina, A2002).Snakir2,

an antimicrobial peptide from potato whose gese i
locally induced by wounding and responds to pathogen
infection. Plant Physiology 128: 95961.

10. Song, J., Bradeen, J.M., Naess, S.K., Raasch, J.A.,
Wielgus, S.M., Haberlach G.T., Liu, J., Kuang, H.,
Austin-Phillips, S., Buell C.R., Helgeson, J.P. ahang,

J. (2003). Gene RB cloned from Solanum
bulbocastanumconfers broad spectrum resistance to
potato late blight. Proceedings of the National Academy
of Sciences, USA 100: 912®8133.

11. Lee, H.E.,Shin, D., Park, S.R., Han, S.E., Jeong,
M.J., Kwon, TR., Lee, S.K., Park, S.C., Yi, B.Y., Kwon,
H.B. and Byun, M.(Q2007). Ethylene responsive ele
ment binding protein 1 (StEREBP1) froifBolanum
tuberosum increases tolerance to abiotic stress in
transgenic potato plants. Biochemical and Biophysical
Research @mmunications853:863-868.

12. Lewis, C.E., Walker, J.R.L., Lancaster, J.E. and
Sutton, K.H. (1998). Determination of anthocyanins,
flavonoids and phenolics acids in potatoes. |. Coloured
cultivars of Solanum tuberosuni. Journal of the
Science of Food ahAgriculture 77: 457.

13. Conner, A.J. and Jacobs, J.M.E. (2006). GM plants
without foreign DNA: implications from new approaches

i n vector devel opment . I n
International Symposium on the Biosafety of Genetically
Modified Organiss , Jej u | sl and,
pp. 195201.

Proceedings of the Foderenz conference

Pageld of 62

Kor ea.



EMERGING TECHNOLOGIES FOR THE FOOD INDUSTRY,
AN OVERVIEW - PAST, PRESENT, FUTURE

Volker Heinz
German Institute of Food Technologies

ABSTRACT

Developing innovative products, moving into new
markets and extending product lines can pose big
challenges for food and beverage manufacturers.
Emerging technologies are expected to achieve the
introduction of geat tasting fortified and functional
products to market. However, the innovation for
manufacturing technologies comes incrementally rather
than in a breakthrough and certainly there will be
headwinds.

Where is innovation in food processing going? And is
it really innovation? It is surprising that most of the
technologies which are usually referred to as “innovative’
have been known for decades and a long time had passed
until they materialized in the food industry. Here is the
invention chronology of presvation processes which
have already made it to the market:
uv: 1877 (Bownes and Blount)
High Pressure: 1883 (Certes)

Electrical Fields: 1890 (Prochownick)
Irradiation: 1905 @Appleby and Banks)
Pulsed Electric Fields: 1960 (Doevenspeck)
Low-Temperature Rsma: 1972 (Ashman and
Menashi)

As a matter of fact those technologies are neither new
nor necessarily advanced (although they are often new to
the users in food industry). In this serisepart from
mechanistic and technical aspeet®ur reflections on
emerging technologies will also take into account the way
they are adopted and gain acceptance by potential users.

At the moment it has to be admitted, that dostefit
analysis and payback period estimations of the
investment are prone to misinterpretago This may be
one reason for the poor market penetration of the above
technology portfolio. The sometimes unclear legislative
situation with respect to "Novel Foods™ certainly is
another handicap. Nevertheless, there is a growing
number of firstmovers élling amazing stories of success.

Apart from traditional processing routes, completely
new and innovative approches will have to be considered
since the utilisation of namscale building blocks for
structuring tasks requires substantial knowledge on
quartum effects and mechanisms specific for extremely
increased relative surface areas. Emphasis will be put on
the generation of stable multiple emulsions, multilayer
emulsions, biopolymeric nanoparticles and coatings.
Based on biophysics of molecular assgmtib-mimetic
structures will be exploited for highly selective separation
problems.

Most food materials are complex dispersed systems
and their structure determines quality characteristics,
technical and physiological functionality as well as
consumer aaptance. Modern product development
includes design and modification of structure elements of
the food systems with respect to matrix, interfaces and
dispersed elements, i.e. gas bubbles, liquid droplets or
solid particles. Profound knowledge is required t
manage food structure formation on the molecular level
to interface networks on the macroscopic scale by
suitable technological means.

The efficiency of food processing operations
primarily depends on the ratio between energy used for
targeted action ahstochastically dissipated energy. As
foods are unstable from a thermodynamic point of view
all kinds of reactions can potentially take place, which if
uncontrolled may lead to the situation that the food
becomes completely unfit for consumption. When
heding foods, thermal energy is supplied to the food as a
result of which the speed of reaction increases. A
distinction can be made between chemical, biochemical,
physical and microbiological reactions. Biochemical and
microbiological reactions are essefijia chemical
reactions catalysed by enzymes. Physical reactions are
not very temperature dependent. In contrast, biochemical
and microbiological reactions are eliminated when a food
is sufficiently heated due to inactivation of enzymes and
microbes. Enzyn® are inactivated because, as proteins,
they are subject to heat denaturation, which results in the
loss of their ability to catalyse reactions. The effect of
heat on microbes is more complicated than just protein
denaturation, and they are inactivated elevated
temperatures. Once biochemical and microbiological
reactions have been eliminated, chemical reactions
become the most important for consideration.

Without doubt, the competitiveness of food
manufacturing companies is strongly related to their
marufacturing procedures. Not only optimal energy
usage, material efficiency and automation have a direct
impact on the profit margins, but also aspects of safety
and the drive for product innovation often demand novel
processing techniques. Evaluating thétahility of the
different means of energy transfer (thermal, physical,
electrical, electramagnetical, irradiation) or
combinations of these is often the foundation for
optimising processing technology.

This contribution will try to find answers to the
guestions: which are the right concepts for using novel
technologies and which are the ‘rules of the road’
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NANOTECHNOLOGIES IN FOOD
INNOVATIONS WITH BENEFITS AND CONCERNS

Frans W.H. Kampers

Wageningen UR, BioNT, P.O. Box 8026, 6700 EG Wageningen, The Netherlands

INTRODUCTION

Micro- and Nanotechnologies are enabling technologies
that will offer opportunities for innovations in virtually
all areas of human activity. Emengi from the
downscaling of sizes in the segonductor industry
(microtechnology) our understanding of molecular and
supramolecular interactions (nanotechnologies) comes
the ability to create new functionality at the nanometre
level. Food is a substancetkia structural hierarchy that
starts at the nanolevel with features in the micro and
mesolevels, ending up with an overall structure at the
macrolevel which consumers experience as texture. It is
therefore not surprising that concepts of nanotechnology
also can be used to improve food production processes
and to develop new and innovative products. Also in
periphery of food, like the packaging industry, there are
many applications that can benefit from nanotechnology.
Here | will briefly touch on some ofhé many
possibilities to give some idea of the opportunities that
are available.

APPLICATIONS

The applications for microand nanotechnology in food
processing and products are divers. They range from
improved processing concepts like the use of micresiev
to filter out unwanted components (e.g. bacteria in milk;
yeast cells in beer) and the closely related cross flow
emulsification, via encapsulation and delivery for
fortification and novel foods, to new sensors and
diagnostic systems for food quality dan safety
assessment, to improved packaging and logistics. Two of
these will be highlighted and discussed in more detail.

Encapsulation Fortification of food is targeted at
groups in modern societies that have difficulty in
obtaining all the necessary nents to maintain their
health. Mind you, if everybody was to eat a daily diet
according to the guidelines which contains two pieces of
fruit and 200g of vegetables per day, nobody would need
any fortified food products. Unfortunately large parts of
industrialised societies do not have such sensible eating
habits. Usually they eat tomany sugars and fats in
relation to their energy demand and also many people
have a one sided diet. To help these people, novel foods
have been designed which are fortifiedth specific
nutrients. Unfortunately these nutrients sometimes taste
bad, can not stand the processing required to prepare the
food, reactwith anotheralready in the food producbr
are poorly bieavailable. Nanotechnology can overcome
these problems ith nane or microsized containers that
can offer additional functionality, for instance to have the
nutrients delivered to that part of the gadttestinal
tract where they benefit most. These encapsulation and
delivery systems strongly rely on self esdly since
production processes in food industry must be extremely
cheap to create economically viable food concepts.
Understanding the mechanisms of self assembly and their
advanced possibilities is therefore essential if new and
innovative food productare being developed.

Packaging A second application field of
nanotechnology in food which already is being used in
consumer products is packaging. A relatively simple
application is the improvement of barrier properties in

nanocomposites, in which nanasttured clay platelets
reduce the @ diffusion rates of different types of
polymers. In many food applications the packaging
material seals the product from the outside atmosphere to
prevent oxidation of the foodstuff. The better the oxygen
is kept out, he longer the shelf life of the product. Beer
is an example where nanocomposites nowadays allow
the use of PET bottles with their distinct advantages.

Indicators based on nanomaterials can be included
in the packaging to signal quality deterioration or
potential safety problems. They can indicate oxygen
levels in modified packaging concepts being too high, or
the presence of specific metabolic products that are
associated with microbial activity, the production of
certain toxins, or quality deteriorationrgeesses. An
interesting idea is demonstrated in RipeS&nsan
indicator that changes colour with the advancing
ripeness of the fruits inside the package. In this way
consumers can pick the product with the ripeness which
meets their individual prefereree

In the not so distant future advances in
nanotechnology will allow printable electronics to be
included in the packaging. Cheap Radio Frequency
IDentification (RFID) systems can then be developed
that have advantages of bar codes without the necessity
of line-of-sight. Combined with sensors in the headspace
of the product direct quality assessment is possible at
many different stages along the food chain, up until the
refrigerator of the consumer. These systems will
dramatically change the logistics ofenshable food
products and will contribute to safer foods.

CONCERNS

Food is very intimate to people and is often associated
with emotion. People prefer their food as natural as
possible and are reluctant to accept technology as part of
their food. The rection of food irradiation and
Genetically Modified (GMO) foods in the past are
examples of this behaviour. Nanotechnology generates
equivalent feelings and the acceptance by consumers is
not straight forward. Consequently food industry,
although doing reearch in nanotechnology and
producing nanostructured ingredients, does not admit to
using nanotechnology in consumer end products.

Consumer acceptance is based on cost/benefit
evaluations that each individual makes. Cost is
composed of economic and sdaiecosts and risks for
the individual. In the case of food the costs must be very
low and the benefits as high as possible. Economic costs
are usually easily assessed. In applications of advanced
technologies like nanotechnology societal costs (e.g.
differences in the society of access to the benefits) but
especially the risks are very difficult to assess.

Risk To assess risks it is first necessary to
characterize the hazard. But very hazardous situations
need not present a high risk if the exposure & th
individual to the hazard is low. Risk is therefore often
characterized as Hazard times Exposure. In the case of
nanotechnologies the general consensus is that the
hazard is predominantly concentrated in free
nanoparticles that are virtually insoluble apdorly
bi odegradabl e. These types
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remain in the organism for prolonged periods in time and
trigger a tissue reaction which leads to inflammation and
other, more serious reactions. The exposure to these
types of particles stronglyeppends on the application. If
they are applied in food exposures could be high.
Fortunately most applications of nanotechnology in food
do not use free nanoparticles. Often coatings, that are
nanoscopic in just one dimension (the so called 1D
nanotechnolog), are used, or, in the case of
encapsulation, the structures usually are larger and the
nanotechnology can also be seen as a 1D nanostructured
shell. Moreover, since the aim of these applications is to
deliver nutrients to the body, these nanostructanes
designed to break apart and release their contents
somewhere in the gastiotestinal tract.

Unfortunately, when being discussed in public
nanotechnologies often, incorrectly, are equated with
nanoparticles. Most nanotechnologies currently used do
notresult in free nanoparticles and most nanoparticles to
which mankind is exposed are not manmade and
therefore should not be
since the risk assessment of nanoparticles is very
complex and the applications very broad, furtheeaech
is necessary to develop the knowledge necessary to be
able to make the distinction between hiigk classes of
particles (like persistent, insoluble metal or metal oxide
particles) in specific application and classes of particles
(like the vesiclesind micelles that easily fall apart under
the right conditions) that present very low risks.

Communication  Consumers, not having the
intricate knowledge or information to analyse the risks
themselves, usually rely on objective bodies or
organisations tonake the risk assessment or to safeguard
the population from risks. Trust, in producers, retailers,
government bodies, academia, NBnvernmental
Organisations (NGOSs), etc., is a very important aspect in
the risk/benefit evaluation. Food industry can builgst
by openly communicating about applications of
nanotechnologies in food. Clearly indicating that a
product utilizes nanotechnology to obtain the benefits
allows the individual to chose for a noano alternative
(that obviously also does not have thenefits) if he or
she so desires. Allowing consumers their own choice is
also an important component in building trust in the
applications of nanotechnology.

Definition One of the problems of communication
is the lack of a good definition for nanotedhmies.
Several have been proposed and more are currently being
developed, but they all are very difficult to apply to
applications in food. The problem is that food already is
a nanostructured material. Of course this can not be

te

t er med 0 nan mdeedtcshaf aadtumlgoyigin. s
However, what kinds of modification by the food
industry or in the preparation would change a natural
nanostructure (e.g. a protein fibril of a casein micelle)
into nanotechnology? Cheese making changes the
nanostructure, butheese obviously is not regarded as
6nanotechnol ogybd. This is
industry if they want to communicate on applications of
nanotechnology in food products. But this is an even
more serious problem for legislative bodies that want
design regulations for labelling and communication
about nanotechnology applications in food (and other
consumer products). Since communication is key to
building trust with the consumers and to acquire a

6l icence t o produce6 thet i
definition issue as soon as possible.
Environment Nanoparticles that have anti

microbial effects in packaging materials will still exhibit
these effects after their economic lifetime, when they
end upin our garbage and waste. Before large scale
appiieations 6of persisitere mdnaparticlesgig packaghg t
materials (or, for that matter, medical applications),
mankind should understand the behaviour of these
particles in the agueous environment and the kinetics and
dynamics of their uptake in biological orgams. In this
respect also physical aspects of the behaviour of these
particles is relevant. Do they coagulate to form larger
particles, can coagulated superparticles fall apart easily
in specific environments? These are relevant questions to
assess thegks to the environment, but which can only
be answered for individual particles at the moment.
Complexity The current legislation on risks in

a

consumer products and foods is based on the assessment

of the chemical toxicity. Nanotechnology has added a
newd mension to this 1issue
means that a chemical which can be harmless in bulk can
be hazardous in nanoparticulate form. But also the
morphology of particles is important. Needile
structures can have very different behaviour oidgical
systems as compared to spheres. With nanotechnology it
is possible to coat small particles and to change their
behaviour in biological systems dramatically. The
bottom line is that nanotechnology has added several
new dimensions to the problem agedneric knowledge

is required to manage the risks of nanoparticles in
specific applications. Until this knowledge is developed
it is prudent to be cautious with applications of persistent
nanoparticles. Of course applications of nanotechnology
that do notinvolve nanoparticles, like sensors, and much
larger and nopersistent particles, like encapsulation
systems, can safely be applied abenefit mankind.
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EMERGING NON-THERMAL PROCESSING TECHNOLOGIES T THEIR
POTENTIAL IN DAIRY SYSTEMS

Stuart Quigley
Fonterra, 327 Ferntree Gully Road, Mt. Waverley, Victoria, Australia 3149

INTRODUCTION

Fonterra is the third largest daicpmpany in the world.
With an annual operating turnover approaching
NZ$17bn (~ ua8bn); it i s
organisation accounting for 25% of New Zealand
exports.

Fonterra has operations located throughout New
Zealand, Australia, Asia, South Amarjc USA and
Europe. To support its business needs Fonterra has a
strong commitment towards research and development.
Its key research facility (Fonterra Research Centre) is
located in Palmerston North with over 300 researchers
and scientists supporting thearious business groups.
The Fonterra Research Centre is also supported by other
centres located in Australia, USA and Europe.

New emerging technologies present the dairy
industry an exciting opportunity to evaluate their
potential in dairy product offergs. Consumers are
continually looking forfresher products with minimal
processing and without synthetic chemical preservatives

This paper will cover a number of technologies that
may have potential benefits to the dairy industry around
non thermal processy.

NON i THERMAL PROCESSING

Thermal heat treatments have long been used as a way of
preserving dairy products. While this has many benefits;
changes in flavour, texture and functionality often impact
on functionality. New technologies are emerging that
may potentially change how dairy products are
manufactured in the future.

HIGH PRESSURE PROCESSING

Using pressures of up to 700 MPa high pressure
processing is a batch processing method which has seen
dbmevuptakeeira dthernndidstsies such asgreat. tCurentl
the batch processing nature will limit uptake of the
technology more broadly in the dairy industry. It does
provide some potential niche opportunities in products
such as yogurts, dairy desserts and high value proteins.

POWER ULTRA SOUND

Ultrasonics hasbeen shown to have some effect on
viscosity, enzyme dactivation and molecular
disruption. In conjunction with more traditional
processing this technology may provide new solutions
for functional dairy products.

PULSED ELECTRIC FIELD

Pulsed electric fie technology is the application of high
voltage to a target product or liquid. It can operate as a
continuous operation and has seen some take up in other
industries. Some potential for the dairy industry could
result in lower heat treatment processedgmsion of
shelf life and the maintenance of efficacy for high value
milk fractions such as lactoferrin.
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SUSTAINABLE FOOD RIREIMON INCLUDING AMAL
HEALTH AND WELFARE
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LCA AND THE CARBON FOOTPRINT

UIf Sonesson
SIK 1 The Swedish Institute for Food and Biotechnology, P.O Box 5401, SE-40229 Goteborg, Sweden

INTRODUCTION S . The results show that agriculture is the dominating
Climate change is a top priority in sociefyday and part, and that transport is of minor importance despite the
rightfully so considering the possible dramatic fact that just below 50% of theheat was imported from

consequences. In the debate however, the interest is often  North America. It is also evident that other parts also

directed towards transport (ofitfibot® gignifitanilyeAn thieresting dotaion & thatit U s e .
This is actually not the best way to approach this issue, s not only CQ that contributes, but JD (nitrous oxides)

for several reasons. @nis that food products often which is a result of nitrogen turnover in soil and
display a large share of their total life cycle marufacture of fertilisers, is also an important
environmental impact in the early stages, agriculture or contri butor to the overall res.i

fishery. As a result of this, more efficient modes of footprinto might not be as ac:q
production and processing can often outweigh even  comparison, similar results for one kg of beef are

rather long trarmort distances. So, the relevant point of presented in Figure 2, note the difference in saaleat

measuring the carbon footprint for foods is at the point of cause much more greenhouse gases than does bread.

consumpti on; thatoés wer e t he impact shoul d b e

minimised. A well suited methodology for doing such ]

measurements is Life cycle assessment (LCA) 2 anzo ]
§ 101 ] mco?

LCAiPRODUCT6S ENVI RONMENTAL | MP/ —

©

The core principle in LCA is that it covers a products
whole life cycle, from cradio-grave. The method was
initially developed for manufacturing industries and has
its roots in energy analyses, and in the early 1990s it was

o

kg CO,-equiv./ki

IS

first applied to food products. LCA is an accounting tool, 2’:.
where the starting point is the product under study. All oA : : : : :
resources used for providing that product all the way Aoruling:Trensport Slugnter - Packaging - Distibuton - Retane

back to production of inputs to agriculture is quantified
as well as all emissions fone whole life cycle. These
emissions are then translated into possible impacts on the
environment, as global warming, Eutrophication,

acidification etc. This is done by using scientifically phase is the most important one, estimpacts being
based weighing factors for single substances into & ¢jpse to negligible. The high emissions of methane are

common unit. ie CQ-equivalent is a good example, mainly a result of the animals feed digestion, and to a
where one kg of methane is equivalent to 25 kg 0$,CO lesser extent manure management.

and nitrous oxide has a factor of 298. The method is ISO
standardised in the ISO 14046ries, textbooks are DISCUSSION
available, e.g. (1). For more on LCA in the food sector | ca is a well suited tool for quantifying carbon foot
(2) gives a good overview. prints of food products sincié can be used to measure
the most relevant aspect, which is the total emissions
EXAMPLES OF RESULTS = caused by a product at the point of consumption, and
The result of an LCA is a large number of quantified must be decreased to make any difference.
potential e_nvironmental impacts for the prc_)duct under Based on the results presented, it might be tempting
study. In Figure 1 an example from a Swedish study on {5 conclude that it is niraly a matter for the agricultural
hamburger bread (3) is presented. sector to work with improvement

most emissions occur. However, thinking one step
600 further it is clear that the rest of the food chain, industry,
ono | | retail and consumers can do very much by considering
. the life cycle impacts. Raw material utilisation is a
400 critical issue, since every kg of food wasted has already
caused a lot of impact and should then be used. The food
losses throughout the chain can amount to over 50% for
200 certain products, so there is rooffor substantial
improvements. Presently, research where LCA is used in
combination with other evaluation tools, such as process

Figure 2. Potential life cycle contribution to global warming for
one kg of beef at the point of consumption

Here it is even more obvious that the agricultural

500

g CO,-equiv./kg bread
w
]
3

0 modelling and predictive microbiological modelling is

Agreulure, Agreuure,  Bakery  Packaging  Distibuton | Rewand being initiated. By this approach, more aspects of
ingredients sustainable food prodtion can be considered

Figure 1. Potential life cycle contribution to global warming for simultaneously, contributing to an efficient development
one kg of hamburger bread at the point of consumption of better production practices within the food industry.
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IMPROVING N USE EFFICIENCY WHILE SIMULTANEOUSLY REDUCING
GREENHOUSE GAS EMISSIONS FROM GRAZED PASTURES

Tim J. Clough®, Keith C. Cameron®, Hong Di*, Jim L. Moir*
centre for Soil and Environmental Quality, PO Box 84, Lincoln University, Lincoln 7647, New Zealand.

INTRODUCTION

Nitrous oxide(N,O) is a potent greenhouse gas (GHG)
with a global warming potential 298 times that of £LO
over a 100 year time horizon. The atmospheric
concentration of N,O continues to incraa linearly
(0.26% yeadf) and in 2005 was 319 ppi). The post
industrial rise in MO is believed to be primarily due to
enhanced soil microbial activity from the esecreasing
area of fertilized land used for agriculture. Globally,
agriculture contribtes over 40% ofthe total N,O
emissions, The Intergovernmental Panel on Climate
Change (IPCC) guidelines divide agricultural,ON
emission sources into three categories: direct emissions
from agricultural land, emissions from animal waste
systems and indict emissions that are linked to nitrogen
(N) that is removed in biomass, volatilized, leached, or
exported from the agricultural land (2). With the ever
increasing demand for food and the intensification of
agricultural systems there is an urgent demantbwer
greenhose gas emissions associated with food
production.

Nitrous oxide is prduced in the soil via microbial
processes such as nitrification (the conversioh
ammonium (NH") to nitrate (NQ)) and denitrification
(the reduction of N@ to dinitrogen). The nitrification
process is conducted by sailicro organisms such as
Nitrosomonassp. and Nitrobactersp., which derive their
energy fromthe oxidation of N to NO;'. The resulting
NOs pool is also susceptible to leaching from the soil
during periods of dranage. Treating the soil with a
nitrification inhibitor to reduce the nitrificatiorrate
therefore has the potential to reduce both thect
emissions of BO and indirect emissions oN,O
associated with N@leaching.

REDUCING NO3; LEACHING AND N,O
EMISSIONS AND INCREASING N USE
EFFICIENCY WITH A FPS APPLICATION OF
DCD

Work at our centre has shown that the most
significant N pool contributing temissions oiN,O and
NO;" leaching is that formed when urinaliyis deposited
onto pasture, agtes (e.g. 1000 kg N fathat exceed the
pastures ability to take it up. More recently studies have
shown that the application of a nitrification inhibitor,
DCD (dicyandiamide), to grazed pasture soil in the form
of a fine particle suspension (FPS) cdowsdown the
nitrification process and increase the period " is
present in the soil.

The result of this is reduced leaching NO3, a
reduction in NO emissions and enhanced dry matter
production in the pasture. A fine particle suspension
method las been developed for applying the DCD
compound onto the soil surface within 10 days of animal
grazing.. Various trials have been performed and are
summarised by Clough et al. (3) with the net result being
a reduction inNO;3™ leaching of 61%, and a redumti in
N,O emissions of 56 to 72%. In the same trials the
increase in pasture dry matter production averaged 29%
when DCD was applied. This increase in dry matter
production is a result of the enhanced N retention in the
soil under the DCD treatment. Sintlee actual nitrogen
content of the herbage remains constant under DCD
application the enhanced dry matter production represents

a greater N use efficiency of the N deposited onto the
pasture by the grazing animals (4). Similar results would
be expected wit increased N use efficiency also
occurring from N fertiliser applications made under a
DCD regime.

The results of this work have led to the commercial
marketing of D® products to farmers, e.g. eooE , and
proposals for there to be enoE speci fi ¢
factors, with regard to )0 emissions antlO5” leaching,
for New Zealand pasture systems (3). It wasposd
that where ecenE was specifically used that (i) the
emissionfactorof N,O from fertiliser, that wa applied to
econE treated pasturebe adjusted from the current
IPCC default valuef 0.01 kg NO-N/kg fertiliser N to a
newvalue of 0.005 kg N2&/kg N i.e. a 50%eduction
in the emission of BD from fertiliser N (ii) the emission
factor forN,O from N excreted ontpasture, that is then
treated witheconE within 10 days of grazingalso be
adjusted from a default value of 0.01 kgO-N/kg N
excreted to a new value dd.005 kg NO-N/kg N
excreted i.e. a 38 reduction in the emission of .,
from excreta N deposited onto pasture and that {(igt
when ecenE is used thefraction of N leached
(FRACLEACH) is reduced frorthe current default value
of 0.07 to a valuef 0.0455 i.e. 835% decrease in the
amountof N that is lost througleaching andunoff. In
addition it wasalso propose that the use of eenE
increasedM production by 1015%.

MODELLING THE EFFECT OF NITRIFCATION
INHIBITORS ON GHG EMISSIONS PER UNIT OF
PRODUCT

A model farm, based on New Zeath Ministry of
Agriculture and Forestry farm monitoring data for the
Waikato/Bay of Plenty area of New Zealand, was
constructed ithe OVERSEERM nutrient budget model
(5). This model farm carried 277 Friesian cows over a
261 day lactation period with 888 kg Milk Solids
(MS) produced (301 kg MS/cow). All cows were carried
on the farm over the winter
on farmbé. The effective
ha receiving effluent from thdéarm dairy sump (2.7
cows/ha). FertiliserN (150 kg) was applied to nen
effluent areas at 50 kg N/ha in May, June and July.
Supplements brought into the model farm included 91 ton
of maize silage and 38 ton of palm kernel meal.

Five alternative scenarios were developed based on
possible farmer éhaviour that might occur as a result of
the extra 1015% DM production that the use of enB”
would produce on the dairy farm. In essence these
alternative farmer behaviours are likely to be either:

(i) anincrease in stocking rate to utilise the ektk&
produced,

(i) areduction of other farm inputs such as N fertiliser
and brought in supplements while maintaining
existing production levels,

(ii) a combination of these scenarios.

The five alternative scenarios to the b&sen
model were thereforassessed using the
OVERSEERM model. These scenarios were:

(i)  Stocking rate was increased from 2.7 cowstha
3.1 cows/ha to utilise the extra 15% Odvbduced.

This assumed that:
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A the production per cow remained constant,
A the amount of supplements broughtemained
constant and,
A the N fertiliser regime remained constés0 kg
N/ha in May/June/July).
Stocking rate was increased from 2.7 cows/ha to
2.9 cows/ha with the same productiate per cow
and assuming:
A no supplements were purchased and,
A the N fertiliser regime remained constant
(50 kg N in May/June/July).
(i) Stocking rate was increased from 2.7 comaito
3.0 cows/ha with the same productiate per cow
and assuming,

(ii)

Table LOVERSEERE model outputs

weighting factor of 1.0 for these 5 months

f o iy C@ equivalents/hd/yaar) emit@dinGtheevarious farimo n s
scenarios corrected with the proposed newrétaconservative emission factors, assuming anreéb e f f ect i ve

A winter fertiliser N was displaced i.e.
50 kg less N fertiliser/ha as used
(50 kg N/ha in May/June) resulting in a
reduction of 350 kg DM/ha.
(iv) Stocking rate was increased (3.0 cows/ha) tith
sameproduction rate per coandassuming,
A winter fertiliser N was displaced i.e.
100 kg less N fertiliser was used
(50 kg Nha in May) resulting in a reduction of
700 kg DM/ha.
No change in cow numbers occuri@d7 cows/ha)
but production rate per cowas maintained and
assuming:
A No supplements were brought onto taen,
A No N fertiliser was used.

v)

(k
period

Form of emissions Base farm econ E Sce®nari os
i ii iii iv v
Methane 5,736 6,526 6,110 6,422 6,297 5,756
N2O emissions Excretab 1,673 1,538 1,511 1,489 1,438 1,360
N fertiliser 765 606 606 390 192 0
Indirect 509 474 446 437 403 350
Subtotal 2,947 2,618 2,563 2,316 2,034 1,709
N.O emissions as a % of base farm emissions 100 89 87 79 69 58
CO, emissions Lime 95 82 82 82 82 82
N fertiliser 363 363 363 242 121 0
Energy 234 266 248 262 257 234
Other 186 187 73 187 187 73
Subtotal 878 905 773 780 654 396
Capital 249 249 249 249 249 249
Processing 1,778 2,022 1,888 1,990 1,952 1,778
Total (CQequivalents) 11,588 12,313 11,576 11,750 11,179 9,881
Total as % of bse farm 100 106 100 101 96 85
kg CQ equivalents/kg Milk Solid 14.2 13.3 13.4 12.9 12.5 12.1
kg CG equivalents/kg Milk Solid as a % of the base farm 100 93 94 91 88 85
Applying the emssion factors, described abowe, REFERENCES

OVERSEER™ outputs showed that ee8" reduced
N,O emissions from all three sourcescreta, fertiliser
and indirect emissian (Table 1).Despite the increased
stocking rates, in theOVERSEERM scenarios, (i)
through to (iv), excreta JO emissions were reduced by
135 kg CQ equivalents/halyear when eod" was
applied under & month effective period. When the
stocking rate was kept constant, scenario (v), the
reduction inexcreta NO emissions was further increased
to 313 kg CQ equivalents/halyear. As is commgnl
acknowledged excreta,® emissions dominated the,®
emissions from thgrazed pasture systems. FertilisgON
emissionswere also reduced under the etd' adjusted
OVERSEERM scenarios. When fertiliser inputs were
maintained the BD emission reductionsvere 159 kg
CO, equivalents/halyear under a 5 morsffective ece
n™ period. Indirect NO emissionsvere also reduced by
up to 159 kg C@equivalents/halyear under the ed®
scenarios.Expressed as a percentage of the total base
farm N,O emissions, th&l,O emissions for the scenario
farms fell to values of 8%8% for a 5 month ecdM
effective periodAt the same time asJ® emissions were
being reduced by the eet: regimes thereverechanges
in the amounts of methane (QHemitted which were a
function of the scenaridarm stocking rates. As stocking
rate increasedo too did the Clemissions. However,
despitethe increases in CHesulting from the increases
in stocking rate the overall GHG productigkg CO,
equivalents/kg MS) for each farmas still lower with
econE usage. Fora 5 month effective period GHG
production decreases ranged from 0.9 to 2.1 kg,CO
equivalents/kg MS.

1. Forster, P., V. Ramaswamy, P. ArtaxogeTal.2007.
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SUSTAINABLE SYSTEMS FOR PRODUCING HIGH QUALITY FOOD

Derek Wilson, Hamish Brown and Prue Williams
New Zealand Institute for Crop & Food Research, Private Bag 4704, Christchurch, New Zealand

INTRODUCTION

Food production is important to the New Zealand (NZ)
economy. Our diverse soils and climate support a range
of agricultural and hortigdtural uses that contribute 18%
of our GDP. Most production is for international markets,
with 65% of NZ6s
coming from food and beverages.

The focus is on high value exports that meet
consumer s o demands for
production systems. Producers are also under pressure to
lift productivity due to competition from other land sse
(urban encroachment, biofuels), to use water and
chemical inputs efficiently, and to reduce the
environmental footprint of farming. NZ is planning to
include agricultural greenhouse gas emissions in its
Emissions Trading Scheme, the only OECD country to
include agriculture in such a scheme.

Research in NZ is aiming to develop sustainable
production systems that minimise adverse environmental
effects by decreasing emissions of greenhouse gases,
reducing nitrate losses into waterways and groundwater,
and potecting the soil resource from degradation. We
also aim to minimise use of chemicals for controlling
pests by developing integrated management techniques
that combine resistant cultivars, use of biological control
agents and other practices as alternatteechemical use.
Another aim is to maximise efficient use of nitrogen (N)
and water and ensure that systems are economically
viable. Increasingly we are focussing on how production
systems influence the quality of food and food
ingredients, such as dryatter, carbohydrate and nutrient
contents, in response to consumer demand for food that
meets specific health needs and processor needs for crops
with specific characteristics that enhance processing.

In this paper we outline the fiveep process (Figure
1) that we use to develop practical tools that growers can
use for making crop management decisions to achieve
multiple goals: maximise production and profitability,
minimise environmental impacts, and meet -esdr
expectations. This process requires antedrated
approach, combining the skills of specialists from a range
of scientific disciplines: agronomists, crop physiologists,
soil  scientists, environmental specialists, plant
biochemists, experts in plant processing, nutrition and
health and, bringing all together, systems modellers.

Basic understanding of soil and plant science

I

Integration of knowledge into models

|

Engaging with end users
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Figure 1. Outline of process for developing tools that help end
users achieve sustainable production systems.

BASIC RESEARCH

For each crop we start with basic research on its growth
physiology, typically using the approaches described by

Hay and Porter (2006). The aims are to (a) understand the
key physiological features that determine crop growth,

e9pobitl & anyedadmgprpductguality fphenology, development of the

leaf canopy, radiation
biomass production,

intercepti and utilisation,
and biomass quality and

p r opdrtitioning), antl (bp define showsthey are edulated by

environmental (solar radiation, temperature, water and
nutrient stresses) and management factors. We also
investigate soil physical, chrécal and biological factors,
especially how they determine the availability of water
and N which are key determinants of yield, quality and
environmental impacts. Through this plant and sail
research we develop a quantitative understanding of how
the soitcrop-environment system functions.

CROP MODELS

In the second step, we integrate knowledge from the
research to build mechanistic models that can simulate
the soitcrop-environment system and thereby predict the
growth, yield and quality of crops. We hadeveloped
models of this type for a range of crops including wheat
(Jamieson et al., 1998), maize (Wilson et al., 1995),
asparagus (Wilson et al.,, 2002), carrots (Reid and
English, 2000) and potatoes (Jamieson et al., 2004).
Developing the models is a sttured process in which
knowledge gaps, and therefore priorities for research
needed to fill the gaps, are identified.

Once developed and validated, crop models are
powerful tools with a range of potential research and
practical uses. For example, thewnc be used to
investigate: the effects of altering physiological traits on
plant performance characteristics such as growth, yield,
water use efficiency and product quality; plant responses
to environmental influences such as solar radiation,
temperatureand availability of water and nutrients; and
crop responses to the effects of management factors such
as sowing date, plant population and fertiliser application.
A relatively recent use of models is to investigate likely
crop performance and adaptatioranfes resulting from
various climate change scenarios.

A particular use we have developed for models is to
build practical crop decision support systems (DSS) by
enveloping them in usédriendly software.

ENGAGING WITH END USERS

A key reason for the suce® of our approach is that we
engage routinely with end users of our work during all
stages of the research and development process.
Sometimes the end wusers have little detailed
understanding of the research and model development
phases. Nevertheless, eggment at these stages is
important because it ensures that: they endorse and help
to guide the principles of our research directions;
potential practical applications arising from the research
are identified; they support ongoing funding for the
researchoften with contributions of their own.

The main value of engaging with end users is that it
means they have strong senses of ownership and
confidence in the results. Therefore, the likelihood of
adoption to achieve positive outcomes is enhanced.
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DECISION SUPPORT SYSTEMS

The fourth step of our process is to build practical DSSs
by enveloping the models in uskiendly software. Most

of the DSSs are climaddriven, and simulate the growth
of crops in real time. However, they are designed for
various appliations, and each DSS has features that
reflect the particular requirements of users for each crop.

Some DSSs are focused particularly on timing
decisions such as scheduling when to sow crops and
forecasting when they are ready to harvest. These
decisionsare especially important when timing decisions
are crucial for both yield and product quality, such as in
process vegetable crops (e.g. for carrots (Reid, 2005) and
asparagus (Wilson et al., 2002).

A more common application of our DSSs is to help
growers @timise irrigation and fertiliser timings and
amounts to achieve both environmental and economic
goal s. Qur 6Potato
which was developed by building software around the
potato crop modednd a soil model, ian example.

The crop model calculates the potential yield and
determines how much water and N are needed each day
to achieve this potential. The soil model predicts how
much water and N are available each day using long term
average weather dadrad
irrigation and N applications to ensure the optimum

Engagement with end users during DSS development
and validation has ensured that they have confidence in

the system. As a result, uptake by growers has been high,

and the system is now used for all potatops grown for
processing in the South Island of NZ.

At this stage the main u
is to manage factors that determine yield. In the future,
results from current research will enable us to extend its
capability to include manageent of quality features such
as size and dry matter content of tubers, which are
important for processing, and starch and nutrient content
of tubers, which are important health and dietary
attributes for consumers.

DEPLOYMENT ON THE INTERNET
The final $age is to deploy our DSSs via the internet.
This has the twin advantages of making them widely

updated versions. The
www.croplogic.comand, besides its uptake in NZ, it is
being used increasingly in South Australia and in some
potato growing regions in North America.

SUMMARY

sTchhee doBtmetsa th d\NZ @ral | Earape antist maximise yields as

demand for food production increases, but landlavie

balance between water and N demand and supply, and the for crop production shrinks. In addition, crops need to be

schedules are continually updated as the crop grows.

I n parall el wi t h
Calcul ator 6,
to ensure reliability of the system in commercial settings.
In the tests, crops in a range of climates and soils were
exposed to different levels of water and nutrient
availability and measured features of their performance
were compar@ with equivalent values predicted by the
DSS.The results showed that
accurately predicted actual crop yields across a wide
range (Figure 2).

100
80
60
40

20

Predicted Yield (t/ha)

0 20 40 60 80 100

Observed Yield (t/ha)

Figure 2. Comparison between measured yields and yields
predi cted with the 6Potato
of sites with diverse water and N availability (RMSD = 7.24
t/ha, 11.1% of the mean observed yield).

When results from the trials were interpreted using
the DSS, the analyses showed thathhigyields often
could be produced with much less fertiliser than is
commonly used by growers (30% less on average, with
up to 200% less in some cases). The analyses also
showed that many growers were managing irrigation
inefficiently, and yields could bienproved by up to 40%
with better water management.

Cal cu

produced with minimal impact on the environment and

Hotato e | o pefii@enttuse of finputs. We must also produce crops
valei dat igam wtee stageed o mpeet consumer expectations about the cost of

food and its health attribuge The use of DSSs like the
6Potato Calculatord can
Based on sound science and developed in close
consultation with end users, these tools help growers to
fine-tune the management of their crops.

the OPotato Calculatoré
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WASTE VS BYPRODUCTS AND ENERGY MANAGEMENT

'David Napper, 2Jin-Kuk Kim, lgor Bulatov,
! Euroteknik, Ltd., Nr. Lutterworth, UK, email: dn@eseparator.com
2CPI, CEAS, The University of Manchester, UK, email: i.bulatov@manchester.ac.uk

INTRODUCTION

There is a very interesting dichotomy in the food value
chain. Prices are going up because primary production is
being used to make fuel. Too much water and energy is
being used. Byproducts are being treated as waste and
end in landfills creating methane ggebad for our
environment. There has been a lot of good research work
on pinch process for water and energy plus many efforts
to comply with legislation. In many of the best efforts we
see today a holistic approach is being taken to identify
the individual process points within food factories and
see what changes can be made there which will change
the total impact the facilty has on the working
environment, the impact the factory has on the
environment, what economical advantages the approach
has and howmprovements can change the contribution
to the value chain and public acceptance/support of the
effort.

BACKGROUND AND BENEFITS

An analysis of a fish process plant in Denmark (trout)
shows that only 40 percent of the product going in comes
out with any eal value, smoked or fresh fish fillets. A bit
of the rest can be sold as mink food but that does not give
much. The remaining is waste and a cost. This 60%
contains valuable oils and meal but nothing is done to
realize the value of it. In Norway the fisimterest
industry organization estimates that the profitability of
the industry would be five fold if the byproducts are
properly used and commercialized.

Again in Denmark a small chicken slaughter facility
processes around 12,500 chickens a day. Theyipay 0
per day for chemicals to take organic material from their
process water so their bill to the commune for waste
water treatment is lower. The chemical sludge that is
produced costs U150 per day
plant (which they luckily hve not far away). This
company owns their own pet food factory. According to
European legislation, byproducts from animals
slaughtered for human consumption can be used for pet
food. No effort has been made to take the energy from
the ca 1000rhof waterthey use each day. If it comes in
at 8 degrees and goes out at 25 degaeeeach degree
of temperature in each’of water cost 1,3 kW it is easy
to see where a lot of savings can take place.

Instead of using management time on smart
packaging, more anthore food sector stakeholders are
looking at what they pay to produce then throw away. It
is not just a consideration of the environment. There is
money to be saved/earned.

WASTE MANAGEMENT AND BYPRODUCTS
VALUE

A strategy is necessary for the realizatidrthe values of

the byproducts. If they are all mixed together with
separation attempted at the end of the pipe or when they
come out of the factory, it will not get maximum effect.
Each process point within the factory must be examined
to see what actiancan be taken there. Collection of
byproducts can be made in several ways. If organic
material is gathered at the respective places where they
come into the waste streams they usually have a quality

acceptable for various usage. The use can include raw
mdaerial for plastic, pet food, cosmetics,
pharmaceuticals, energy production. An additional
advantage is that the total organic load of, for example
process water is greatly reduced. This gives the knock on
effect of being better able to regain energy frime
process water as the reduced organic load lessens
problems of biofilm and biofouling in heat exchangers.
If the water use within a facility is mapped showing the
qualities of water required at the respective process
points, water which has been polidhfeom one process
point can be acceptable for use at another instead of
having to use water from the mains. The new hygiene
resolution 852/853 defines where and how it is
acceptable to reuse/recycle water within a food factory.

Alone the removal of organimaterial is not enough.
There must be a plan made for its proper handling in
order to realize its maximum value. Fish oil containing
Omega 3 which is stored in a holding tank for a month or
transported in a tank ship from South America to Europe
will not have the value of material taken fresh and
immediately processed. Byproducts that are allowed to
get too warm will not be as good for pet food. The
simple bacteria growth and natural decay of the organics
cannot be reversed. Heat treating later can ki t
bacteria but the toxins will still be present and as harmful
for pets as they are for humans.

A stunning example of the value of waste is the
Afitreasure islandd off the
nesting there for hundreds of years and now the reanur
is up to 50 meters deep in places. This material is worth
around $500 per ton in USA and France for use in
ecological farming.

PROCESS INTEGRATION FOR SIMULTANEOUS
ENERGYNAAID WATERSAVINGS near est bi
Improving energy and water efficiency in food industry
is one ofthe keys to ensure cesffective manufacturing,
leading to strong competitiveness of the company in the
market. Water savings can be achieved through strategic
implementation of water reuse between watgng
operations. Further minimisatiaf freshwaer usage can

be obtained by regenerating water which is then
recycled. Improving water efficiency in the process not
only contributes reduction of operating costs, but also,
more significantly, provides considerable incentives to
the design and operationf ceffluent treatment, as
significantly less volume of wastewater is to be treated,
which reduce capacity of effluent plants and its
associated operating costs. Design methodology
developed by Wang and his-emrkers [1,2,3] has been
proven to be very efféiwe in process industries, because
the method systematically provides realistic minimum
water requirement for the site, as well as conceptual
design guidelines for the debottlenecking of water
systems.

Improving energy recovery has gained recently
consicerable attentions from food industry in order to
respond climate change and improve sustainability of the
companyos operation. As
mechanism are available for generating, distributing and
consuming energy in food industry, it isotn
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straightforward to determine most effective design for
energy systems and operating practices of utilising
energy. Heat Integration (or Pinch Analysis) technique
has a successful track record in improving energy
efficiency and heat recovery, and varigraphical tools
(e.g. hot and cold composite curves, grand composite
curve, total site profile, etc) are available for targeting
and optimising sitavide energy infrastructure [4, 5].

In food industry, water use is closely linked and
interacted with engly systems. For example, heating is
required for the water used in sterilisation and process
washing. Water is heated up during the operating, is
discharged at high temperature. Water used for cooling
or condensate return in steam systems contains valuable
energy. Water minimisation study cannot be separated
with energy saving study, and vice versa. This is
especially true for food industry, as considerable amount
of heat is often added to water streams and considerable
amount of waste heat is dischargethwut full recovery.

Schematic diagram is shown in Figure 1, which
explains basic concept and the importance of
simultaneous consideration of water and energy systems.
In Figure 1(a), freshwater is supplied to two wateing
operations and water is thatischarged with parallel
arrangement. Necessary heating or cooling through,
typically, heat exchanger, is provided according to
process requirements. This conventional practice can be
significantly improved by implementing water reuse and
heat recovery, ashown in Figure 1(b). Water reuse
between operations is to minimise water consumption,
while heat recovery between streams are envisaged,
which can avoid unnecessary utilities (e.g. steam, cooling
water).

Operation 1 "
Freshwater Wastewater
>
%v—» Operation 2 ———»

(a) conventional practice: non-integrated

Freshwater

Operation 1
——>| Operation 2 T

Water reuse

= Wastewater
Heat ——~

recovery

(b) improved design with water reuse and heat recovery

Figure 1. Simultaneous energy and water miigation

However, complexities in finding best energy
recovery options as well as water reuse schemes
itogethero are very high,
interactions between water and energy systems. Recently,
Kim and his ceworkers developed design theds
which carries out simultaneous analysis of energy
recovery in water systems, using either grajifsised
method [6,7] or mathematical optimisation method [8].
Both waterpinch and energpinch concept has been
accommodated in the design frameworkswéeer, a
step change in the methodological procedure has been
made to consider simultaneous interactions between
water reuse and energy recovery.

Design procedure followsa two-step approach:
Targeting and design. In targeting, theoretical minimum
requirments for freshwater and utilities (hot and cold)
are obtained by the aid of graphical manipulation of
streams data (i.e. water flowrate, contaminant levels,
temperature). Design of water and heat recovery
networks is carritrdedpang t o
Two Dimensional Grid Diagram, which exploits
potential network arrangement of water streams, subject
to energy recovery constraints. An industsile case
study conducted recently [9] showed that overall 18 %
improvement in annualised cost, fromethintegrated
approach (compared to the base case in which only water
minimisation is performed). This case study clearly
demonstrated why a holistic approach for water and
energy systems is required, and significant benefits can
be gained by using simultaaus integration method.

DISCUSSION

Sustainable development requires radical change of
approach to processing in food industry where currently
up to 60% of product is being wasted. Technologies
emerge that enable byproduct collection at the respective
places where they come into the waste streams.

Along with the novel byproduct extraction
technologies, a new approach has been developed which
synthesises both water and heat exchanger networks
simultaneously. Systematic approach for simultaneous
water and eergy minimisation is required to improve
both water and energy efficiency in food industry. The
recent development has proved to effectively deal with
design complexities for industrigize problem,
considering multiple contaminants and multiple water
souces. Simultaneous approach can provide the- cost
effective designs by performing the economic traffe
and systematic screening and evaluation of design
options existed in water reuse and waste heat recovery.
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RESEARCH IN ANIMAL HEALTH AND WELFARE:
SYNERGIES AND OPPORTUNITIES BETWEEN EUROPE AND NEW ZEALAND

Roger S Morris
Massey University EpiCentre, PN623, Private Bag 11-222, Palmerston North, New Zealand

PAST EXPERIENCE

There is a long history of constructive collaborations
between European and New Zealand scientists in both
animal health and animal welfare. Initially it cisted
largely of New Zealand scientists obtaining advanced
training in European Universities, or diversifying their
experience by working in European research institutes.
New Zealand has a long and rewarding history of
sending promising young scientisiserseas to broaden
their experience. However now the flows of people and
expertise are similar in both directions, with both
partners contributing to collaborations and receiving
benefits.

| have personally been involved in collaboration with
a wide raage of European institutions continuously since
1969. The following examples will be described at the
conference, and illustrate just a few of the ways in which
we have worked together in recent times.

Collaboration with European governments Jointly
with the Swiss government, we have developed a
national animal health and welfare information system
primarily for use in Switzerland by the Federal
Veterinary Office and Cantons.  This work was
conducted over five years, and a New Zealand software
designer ived in Switzerland and implemented Swiss
requirements into a design, which was then coded by a
team which had members in both Bern and New Zealand.
The system is among the most advanced in the world in
its capabilities, very flexible in use, and multgumal in

all functions. New Zealand was given marketing rights
to the software outside Switzerland, as part of the
arrangement, and is developing opportunities for its use
in various parts of the world.

With the British government, we have conducted
epideniological research on bovine spongiform
encephalopathy (BSE) for over ten years, producing a
series of scientific papers in which each group
contributed specific expertise. We have also collaborated
on both research and policy development on a range of
other diseases, such as avian influenza.

One special case has been the modelling ofdadt
mouth disease during the British outbreaks of 2001 and
2007. Predictive spatial modelling was carried out for
the UK in both outbreaks, and during the 2001 ouwtkre
advantage was taken of the large time difference between
the two countries. At the end of every European day,
new outbreak data would be sent electronically to New
Zealand, where modelling would be carried out during
the NZ day and results transmittbeck before the start
of the next British working day. Collaborative activities
have also been undertaken with a number of other
European governments.

Collaboration with the European Commission A new
system for providing epidemiologically valid
interpretition of national BSE surveillance data for all
EU countries was developed for the Commission jointly
by the European Community Reference Laboratory for
Transmissible Spongiform Encephalopathies and Massey
University. A novel was of combining data sourags

a singl e resul t through t
portfolioo was devel oped,
Member States. This system has now been adopted as

the global procedure for interpreting BSE surveillance
data.

Collaboration with European animal industries:

Joint work has been undertaken with the Danish pork
industry on analysis of lontgrm patterns of Salmonella
infection in Danish pig herds. Industry collaborations
have also been undertaken in a number of other
countries.

Collaboration with Universities and Research
Institutes: A diverse mix of activities in animal health
and welfare has been undertaken between European and
New Zealand institutions, covering many of the
European countries. These have involved joint research
programs, joint edwtional activities, and exchange of
students at undergraduate and postgraduate levels. Some
special bilateral relationships exist, such as between New
Zealand and both France and Germany, to facilitate such
activities.

Another strong strand of cooperatieetivity has
been the joint organisation of short courses (typically
one week), in which experts from both Europe and New
Zealand jointly present advanced material in a European
location to an audience drawn predominantly from
Europe, but also includingepple from most other parts
of the world. We have been running courses in various
fields of animal health in Europe for 20 years, and it has
proved to be an excellent way of maintaining
collaborative relationships and providing high quality
educational prgrams in specialised topics, drawing on
experts from two or more institutions.

SPECIFIC AREAS OF COLLABORATION

European countries have particular strengths in
laboratory research on animal diseases, and have greater
breadth of expertise in laboratebpsd fields than New
Zealand, because the total number of scientists is much
larger. New Zealand has strengths in field research, and
greater opportunity to carry out applied research. New
Zealand scientists have also shown considerable
ingenuity in obtaimig research results with relatively
limited resources. Because of the different cost
structures, research of common interest can be carried
out at much lower cost in New Zealand. It is also easier
to obtain animals free of a range of diseases in New
Zeahnd, than it is in other countries.

In animal welfare, New Zealand has been a
particularly strong contributor in ruminant welfare,
whereas Europe has strengths in pigs and poultry.
Europe has been strong in research into underlying
behavioural mechamss, whereas New Zealand has
contributed very extensively in applied behavioural
research.

OPPORTUNITIES FOR THE FUTURE

Observation of successful activities and those which

failed to achieve their proposed objectives suggests a

number of principles whichh®uld guide decisions on

how to build future collaborations.

1. There must be strong commitment by individual

h escientiste frono both gidesfio$ the eokaboratioa noc e

a mdke itawdri, @ideal gainbthe beaefitd of siEnergy.
Managerial commitment from institutions to
collaborate will only produce useful results if the
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scientists who are to work together have trust in each
other and enthusiasm to make the joint activity
succeed.

Enthusiasm will result from each partner making
available skills or resources that the othertmex
wishes to use. Orsided relationships rarely work.
Cooperation will be assisted considerably by the
provision of funding to facilitate the joint activities,
but money will not ensure effective collaboration
unless there is willingness on both sidesnake the
collaboration work.

Effective direct communication between thartpers

is crucial to successBuilding easy and effective

communication mechanisms is a crucial building

block for joint activities.

5. Bilateral relationships have so far been meeisier

to operate than multilateral ones involving several

European countries. For example, it has been

difficult to involve New Zealand participants in

European Commission Framework projects, where

there are already multiple European partners, but

mucheasier to collaborate with individual countries.

A solid basis of cooperative activities in animal
health and welfare has been built up over recent decades,
and there is considerable scope for expanding the scale
of such activities, and enhancing their bfits to the
participating countries and institutions.
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PERSONALISED FOODS
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OBESITY IS A GROWING PROBLEM - HUNGARIAN PERSPECTIVE

Adrienn Hegyi
C&C Magyarorszag, 1096 Budapest Haller u.2.

At present obesity and overweight are serious health
concerns in the world and in Hungary tdde rates of
obesity have increased dramatically in Hungary in the last
10 yeas, 20% ofthe population is obese and 40% of the
population is overweight. Those people who are suffering
from obesity have to face many difficulties when they try
to have their regulated energy intake during and after diet
because the choice of the heglfftroducts are limited in
the Hungarian market, the nutritional information on the
labelling and the taste of these products do not meet their
expectations.

The presentation will briefly summarize the recent
Hungarian situation. The presentation will fecan the
factors influencing food choices, attitudes towards
nutrition, healthy eating and behaviours regarding food
choices and preferences of mainly obese people. It was
also the objective of the project to generate useful
product development ideas fdret food industry sector to
devel op greater vari ety
delicate flavours via the results of qualitative (focus
groups) and quantitative surveys with the participation of
400 obese people. The research findings of the
presentation @& based on the Hungarian Government
funded GVOR 3.1.3. 200405 0352/3.0 project.

In conclusion, the important factors contributing to
obesity were to be lack of sport activities, family

of

background and fAunheal thyo
In accordancewith other research results the family
background (family behaviour) highlighted the
importance of healthy eating education programmes in
childhood, which also underlined that obesity originates
from childhood. As it might have been expected, the
respondets indicated stress as a key factor in the
occurrence of Afunheal thyo
Gender differences in the reasons causing obesity were
observed, men respondents explained their obesity with
giving up smoking, lack of sport activity and ttjeg
married. There were also differences between the weight
conscious respondents and the general Hungarian
population. The obese people have paid more attention on
their healthy diet, because they are afraid of generation
more serious illnesses/healtmoplems. From the food
choice and preferences point of view the main findings of
the research were that obese participants could not miss
mefatl andvwsweet arbdoiatsi dering wiet mnd shéy prefér tha
Hungarian, Italian and Greek cuisines.
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GENOMIC APPROACHES TO PERSONALISED NUTRITION

Lynnette R Ferguson™ 3, Martin Philpottl’ % & Matthew P.G. Barnett® *
The University of Auckland, PO Box 92019, Auckland, New Zealand
2 Food, Metabolism & Microbiology, Food & Textiles Group, AgResearch Limited, Palmerston North, New Zealand
8 Nutrigenomics New Zealand

INTRODUCT ION

Nutrigenomics is characterised by diggne interactions.

It is becoming increasingly clear that what is good
dietary advice for one individual may be inadequate or
even dangerous for another (e.g. 1). Thus, the
maintenance of optimal health or preventof disease
will be most effective if it is based on an understanding
of genetics and genomics. Nutrigenomics New Zealand
(2) is looking to develop personalised foods or diets,
based on genotype. This collaboration between The
University of Auckland, HdResearch, Crop & Food
Research and AgResearch Ltd. focuses on Inflammatory
bowel di seases (I BD),
as proof of principle. A schematic of the integrated
approach used for developing personalised foods by this
programme is mvided in Figure 1 below.

Figure 1. A flow chartto illustratesteps irnthedevelopment of
personalised foods through genomipagaches.

HUMAN STUDIES

Genetic variation. Differences between individuals can
be compared at a population level usimgnetic
epidemiology. A large number of technologies are
available for measuring single nucleotide polymorphisms
(SNP9, haplotypes, and/or copy number variants
(CNVs) (3). While high density arrays (SNP Chips) are
proving important in exploratory studies, more
individualised methods such as Mass Spectrometry using
Sequenom are essential for validation. For example, our
studies in IBD have shown SNPs in several key genes to
be associated with increased disease risk of either form
of this disease in New Zealand.

Table 1. Examples of genes associated with Inflammatory
bowel diseases in a Caucasian population from Canterbury,
New Zealand

Gene SNP QOdds ratio for Re
IBD/control f
CD uc
CARD15 702W 2.7 15 4
908R 2.4 1.0
1007fs 4.4 1.4
espec'?'-g’ﬁlyR@pohnésl'aisel'gse5(CD),
TLR4 Asp299Gly 1.2 1.2 6

Candidate gene studies have been based on informed
guesses as to which genes are likelype important in a
disease, based on mechanistic understandings of the
disease. While these have been important in the past,
major advances are currently occurring through the use
of high density SNP chips, that enable testing of more
than 16 SNPs at atime. Combined with the power
generated by large collaborative international studies,
genetic information is becoming obtainable at a faster
rate than it can be readily assimilated or interpreted (1).
Dietary variation. Accurate information on what peepl
eat (as distinct from what they believe that they should
eat) is difficult to obtain. While 4 day diet diaries or
weighed records have been methods of choice, recent
developments involve cameras to record accurately what
an individual eats and/or comptdeased recording
accompanied with accurate pictorial representation.
Nevertheless, 24 hour diet diaries or food frequency
guestionnaires may be the most practical approach to
studying the large numbers necessary for population
studies involving nutrigenoits (7).

IN VITRO STUDIES
Mechanistic studies or high throughput screens involve
development of cell culture models to mimic the effects
of the key genetic differences culled from genetic
epidemiology. For example, Philpadt al, (8) describe
transientor stable transfection in a neutral human cell
background in order to mimic the NOD2 genotype that is
common in CD. Robotic systems then allow large
numbers of food fractions or known dietary components
to be tested for their ability to overcome the phgpiot
effects of the variant SNP. That is, a pharmaceutical
model may provide information of value in developing
foods to match peopl ebs

IN VIVO STUDIES USIN G ANIMAL MODELS

Animal models that mimic the disease condition of
interest provide th most flexible way of experimentally
studying gene diet interactions that allow for transport
into the cells and metabolism. They can be used to
quantify the effects of defined nutrients, foods or food
components on the expression of disease, health or
peformancerelated genes. For example, the case of
IBD, the interleukinl0 knock out mice has provided
information of considerable relevance to IBD in humans
(9). Mouse experiments are set up using a 2x2 study
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design, and the animals fed the appropriatedies for a
sufficient time for the disease (or absence of disease) to
be established. The animals are then euthanized and
tissues culled for histology assessment, typically in
association with transcriptomics, proteomics and/or
metabolomics techniques tdentify disease health, or
performanceelated genes and their downstream effects.

Nutrigenomics encompasses a flexible and rigorous
multi-level approach to systems biology. The very high
sensitivity of some of the newer tools provides an ability
to gudy whether specific foods or specific diets can be
useful for the maintenance of good health, as well as
reducing susceptibility to disease statesood
componendinduced changes in gene and protein
expression are collected from appropriate tissues, and
applied to microarray or other automated systems to
provide a large number of data points (9). These same
approaches can be used in order to identify surrogate
endpoints for the disease of interest, in order that this can
be used as the biomarker endpaht short term human
trial in order to predict disease development (or
prevention by the food/diet of interest) (10).

BIOMARKERS IN CLINICAL TRIALS

Human clinical trials are necessary to provide proof that
a dietary intervention works in a specific geype group.
However, disease endpoints take a long time to develop,
and because of uncertainties that the dietary regime will
indeed be efficacious, are unethicalibject preselection

or stratification needs to be initially made according to
genotype, ath then a dietary intervention followed for a
limited time. A tissue such as urine, blood or buccal
swab is taken prior to and after the intervention, and
some measure taken of efficacy of the intervention. For
example, Kornman et al., (11) have usede@dive
protein as a measure of inflammation. They showed that
the level of this marker could be used as a measure of
efficacy of their dietary intervention using a proprietary
botanical mixture.

MANAGING COMPLEX DAT ASETS

Essential for the success of thigpegach is the ability to
maintain  large datasets and analyse complex
multidimensional interactionsA substantial part of any
successful progress must put considerable resources into
delivering the bioinformatics, biostatistics and database
resources for ukrigenomics studies. A relational
database can be interrogated for relationships between
genetic variation and disease states, with or without an
interaction with diet in determining variation in health
parameters in human populations. Formal infrastrattu
platforms are necessary for bioinformatics and database
resources, in order to analyse microarray and proteomics
data on gene expression patterns, identify clusters of
affected genes, discover human analogues and
extrapolate this information to humasedith or disease.

A significant analytical challenge remains, in reducing
the dimensionality of such complex datasets.
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GASTRONOMICS: HARNESSING THE HUMAN GENETIC REVOLUTION FOR

FOOD AND BEVERAGE INNOVATION

Sara R. Jaeger, Richard D. Newcomb, Yael Salzman and Cherie Bulley
The Horticulture and Food Research Institute of New Zealand Ltd., Mt. Albert Research Centre,
Private Bag 92 169, Auckland Mail Centre, Auckland 1142, New Zealand.

GASTRONOMI CS: A Bl RD6S EVYE
Imagine this:lt is Friday afternoon. You plan to stop at
the shop on the way home from work to buy a bottle of

XespEcto the satisfaction or pleasure derived from foods
and drinks. How? By using genotype information to
make predictions abouthat flavours people can detect.

white wine to havehat evening Which variey will you When coupled with knowledge of
buy? A Chardonnay, a Pinot gris or perhaps a social backgrounds, this genetic insight can be harnessed
Sauvignon blancMany factors will affect this choice to make predictions about personal F&B preferences. In
and one of them is your innate ability to smell the turn, this knowhow can be used to design products that
specific compounds that define the distinct flavours of fully satisfy each of us.
each of these wines. If you cannaidl the flavours that The notion of 6personalised
make Sauvignon blanc unique, it is probably less likely infancy, in NZ and globally. However, it is poised for
that this will be the variety you prefer and the one you takeoff, as evidenced by the R&D efforts directed at
will end up choosing to buy. To successfully compete in nutrigenomicg9, 10) which is the science of how food
the hypercompetitive and global market place for foods nutrients and gees interact. Understanding of how
and drinls, understanding individual preferences is genetic variation affects our response to different
becoming a O6must. & Gasof-r on omtiients is éxpeetedrta lyiegsaboot fradicalt changes in
the-art developments in human genetics to build a field how food is grown, processed and consumed, and lead to
of research that can deliver-dtepth insights on each of personalised diets tailored to genetic make(10, 11,
our flavour preferences. Products that appealour 12). New and diversified products are needed to
individual preferences sell much more. capitalise on the opportunities created by both
gastronomics and nutrigenomicsBy crosslinking

GASTRONOMICS: THE POTENTIAL FOR FOOD nutrigenomics and gastronomics products that are
AND BEVERAGE INNOVATION personalised for both health and pleasuray become a
Consider a beverage manufacturer who wishes to extend reality.
a base product to a range of different flavours (e.g.,
flavoured milk). In deciding which divour variants to GASTRONOMICS: THE SCIENTIFIC PREMISE
pursue, the firm can draw upon knowledge of genetically Gastronomicslinks into one of the most important
determined ability to detect and enjoy these flavour international science developments currently underway:
compounds. I'n a <certain mahukantgenatic ovaiationa hailed .b§cience a® thene | |
blindnessd) may be as hi gh bmeakthrdugh%of ftreer yeap rine 20870 ®pr o gemoohic
but only 5% for anothecompound, pointing to greater landscape is teg uncovered at an unprecedented rate
success for the latter flavour variant. The more and holds the potential to discover what contributes to
consumers who can detect a flavour compound and have red hair, freckles, pudginess or a love of chocdlaBy
the possibility of enjoying its flavour, the greater the We have chosen to initially anchor Gastronomics
productdés commerci al pot en tréseafch in tkhé sehse wfy Imaiemans icam étdcts t i ¢
example thatloes not take into account the complexity about 20,000 different odours in about 10 different
of multiple flavour compounds, or interactions with taste intensities, but only 5 different tastant types(14).
and texture qualities(1, 2, 3) this conveys the Also, much of our pleasurable eating experiences are
fundamental promise of what gastronomics research can determined by the flavour of foods and beverages during
do forFood & Beverage (F&B)rinovation. consumption, which is mostly perceived by these

Our ability to smell specific compounds is largely either directly by smelling (orthonasal) or indirectly via
genetically determined4( 5, 6, and is the critical factor the back of the throat as we eat (retronasabis,
underpinning flavour perceptiod (7, §. The premise of together with the Nobel prizewvinning discovery of the
Gastronomics is that a p er sdorand secepjoe (OR} geogd S déserelgasedwthe h
respect to odour perception can be a predict personal potential to link human genomicwith the flavour
food preferences and food choices. Such a link could research of food science.
have a transformational effect on F&B industries across Not everyone has the same set of functional (ARs
the Globe, enabling innovation of premium products 17), resulting in different people having different
optimised for taste and flavoumhe notion that F&B abilities to detect the odour compounds that make up a
innovation needs to delivesroducts that people like is foodbés flavour. Our keng questio
not new. What is new is looking closely at certain human sensory odour acuity that we and others have begun to
genes to understand why people prefer different foods identify (18, 19)is encoded within our genomes and how
and how products that will meet the individual it relates to peoplebs food pre

preferences of consumers can be developed.

To compete successfullyni the global and
hypercompetitive F&B sector, a firm must be better than
its competitors at meeting and/or exceeding its
customersd needs aofahe isvthent s
Holy Grail in this regard- knowing each of your
customers and understanding wigites each of them

behaviours. There have been no previous attempts to
link genetic and sensory inforniat about flavour
perception to food preferences and choice.

. GATTTRONOMECS: ARELIMINARY EVIDENCE

Gastronomics builds on the premise ttat per sonés
genetic makeup in relation to odour perception is a

satisfaction and makes t h determir@nt of bigherdfood @efesenaesoandocanisunption

research can deliver that level of understanding with

behaviours.To test this assumptiormata pertaining to
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individual s6 genotype and pREBRENGESe in relation to odour
acuity are needed. Data relating to food preferences and 1. Small DM, Prescott J. (2005). Odor/taste
food consumption behaviours are also needed, and integration and the perception of flavour. Experimental

importantly, must be obtained fronhe& same set of Brain Research 166: 34557.

people, allowing relationships to be identified, from 2. Mazzoleni V, Maggi L(2007). Effect of wine style

genotype, through sensory acuity, to food preferences. on the perception on 24tficholoroanisole, a
With such data, key questions can be asked and compound related to cork taint in wine. Food Research

answered: i)How is sensory odour acuity for food International 6: 69499.

related compounds distributed with and among 3. LaFarge C, Bard MH, Breuvart A, Doublier -1,

people? ii)) What are the genetic bases of variation in Cayot N. (2008). Influence of the structure of coansh

peopl ebds sensory o drelated a aispersigns onfkioetics of &ronta delease. Journal of Food

compounds?iii) How does sensory odour acuity for Science 73: S168109.

food-related compounds influence food preference and 4. Keller A, Zhuang H, Chi Q, Vosshall LB,

consumption behaviours? Matsunami H. (2007). Genetic variation in a human
We have condcted preliminary work to address the odorant receptor alters odour perception. Nature 449:

first two questions. In 2007 wecolleced odour 468472.

thresholds for five foodelated compounds in a group of 5. Menashe |, Abaff T, Yehudit H, Goshen S,

50 people. We are still in the process of analysing Yahalom V, Luetje CW, Lancet D. (2007). Genetic
participantsé genetic dat a, elubidation of hemarp hyperosniiaytp ésovaleeics acidt s ar e
exdting. The threshold data suggest that a single gene  PL0S Biology 5: €284.

may determine ability to smell he3-enal, which is a 6. WhissellBuechy D, Amoore JE. (1973). Odeur
key flavour compound in GREEN kiwifruit, contributing blindness to musk: Simple recessive inheritance. Nature
to its green/grassy flavouR0). Figure 1 suggests that 242: 271273.

two groups of people exist, whose lapito detect hex 7. Laing DG, Jinks A. (1999). Flavour perception

Z3-enal vary by a magnitude of order. The presence of = mechanisms. Trends in Food Science 7-389.
two distinct thresholds groups point to a simple genetic 8. Taylor AJ, Roberts DD. 2005.FLAVOUR

basis for ability to detect hex3-enal. PERCEPTION. Blackwell Publishing.

For New Zealand uncovering the genetic basis of 9. DaCosta eSilva O, Kndll R, Jager M. (2007).
ability to detect hex3-enal could be commercially Personalized nutrition: an integrative pess to success.
valuable, especially if this genetic inheritance can be  Genes and Nutrition 2: 235.
linked to peopleds 1iking o010 FedRREaEdatoricomwiddwnlandetd on & iFebiudryr u i t
is polarisingi some people love it, others hate it. 2008 from http://www.foodnavigater
Tentatively, those who hate it could share a genotype that  usa.com/news/printNewsBis.asp?id=58244]
prevents themrém perceiving the flavour of hex3- 11. Desiere F. (2004).Towards a systems biology
enal. Conversely, those who love GREEN kiwifruit may understanding of human health: interplay hesw
share a geneticaligletermined ability to detect hes3- genotype, environment and nutrition. Biotechnology
enal and enjoy its flavour. Such knowledge can be Annual Review 10: 5B4.
harnessed for F&B innovation. 12. Palou A. (2007). From nutrigenomics to

personalised nutrition. Genes and Nutrition .5
13. Pennisi E. (2007). Breakthrough of the year:
Human genetic variation. Science 318(8851842
40 1843.
35 14. Buck LB. (2004). Olfactory receptors and odor
coding in mammals. Nutrition Reviews 62: S1838.
15. Buck LB, Axel R. (1991).A novel multigene
family may encode odorant receptors: a molecular basis

gm 1 for odor recognition. Cell 65: 17587.
15 1 16. PluttoA, Barnes KW, Goodner KL (2006). Specific
10 4 anosmia observed for bet@none, but not for alpha

ionone: significance for flavor researchournal of Food
Science 71: 40406.

| .

e, . R N . . . 17. Menashe I, Man O, Lancet D, Gilad Y. (2003).

o A 5 & Different noses for different peoplature Genetics 34:

% N S
Threshold (ppm) 143144 ) )

) S 18. Gilad Y, Lancet D. (2003)Population differences

Figure 1. Threshold distribtion for HexZ3-enal. in the human functional olfactory repertoire. Molecular
Biology and Evolution 20: 36314.
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A MOLECULAR SYSTEMS APPROACH TO UNDERSTANDING HOW FOODS
AFFECT GUT FUNCTION AND HEALTH: HOW CAN WE USE SUCH AN
APPROACH TO DEVELOP FUTURE SMART FOODS?

Nicole C. Roy, Matthew P.G. Barnett, Emma N. Bermingham, Rachel C. Anderson, Mark J. McCann and Warren C.

McNabb

Food, Metabolism & Microbiology, AgResearch Ltd, Tennent Drive, Private Bag 11008, Palmerston North, NZ

INTRODUCTION
What are Smart Foods and why do we need thdmh@
Smart Foods industry is built on the assertion that
fiHeal t h i sf dddcd fdhisdprenese ayil
shape the business of food, nutrition and health for many
year s t(9. The &d(2),0NZ Food and Beverage
Task Forcq3) and Australia Food Standards Australia
Nz, www.foodstandards.gov.au have identified an
urgent need for innovative evidenbased foods for gut
health. According to the British Nutrition Foundation
(www.nutrition.org.uf Smart Foodsire foods that have
been or will be developed via new and improved
processesSmart Foods mapave functions other than
providing energy and nutrients or perform functions that
are not normally achieved by conventional foods (e.g.
reducing cancerisk or cholesterollevelg. The British
Nutrition Foundation together with the Design and
Technology Association www.nutrition.org.ul have
included foods with novel molecular structures (e.g.
modified starch) and fugtional foods (e.g. probiotic
yoghurt, cholesterdbwering spreads) as Smart Foods.
The Smart Foods market globally generated sales
of $US29B in 2007 in the US alone, followed by Europe
and Japan (www.foodnavigatasa.com). In both Japan
and Europe, tharea of gut health is instrumental in
driving the Smart Foods markgt). Food and beverage is
the largest manufacturing export sector in (& 5) but
needs to expand product diversity and command greater
market premiumsespecially for meat and milk products
(6). Until now, e snall but rapidly growing functional
health food industry in NZ hasuccessfully leveraged
NZés key export strengths
etc) to generate export revenue (NZ$193m; 1.2% of total
food exports in 2006(3, 5). Within this sector, gut
health products are the largest and fastest growing and
this is clearly a good target for future Smart Foods from
an economic growth stand point. However, because of the
requirement for such foods to be evidehesed, there is
significant research required to better understand the
effect of foods on gut health.

GUT FUNCTION AND HEALTH

The human gastrointestinal tract, wighsurface area of
400 nf, is the largest interface between a human being
and their environmentf. skin: 2m? lung: 100 ) and

is the key driver behind food utilisationThe
gastrointestinal barrier is a complex cellular structure,
made up of four main components (epithelial cell layer,
mucus layer, immunological barrier, microflora), which
acts as
the entry of bacteria and antigens. These four components
of the gut barrier do not operate in isolation and
constantly communicate with each other, interacting to
maintain barrier integrity, which is fundamental to the
delicate balance between health and disease. The gut
bacteria and host cells are active participants in this
communication network and influence gut metabolic
processes throughout life. The identity of almost all of
these microbes and their mode(s) of attiemain largely
unknown, as are their interactions with food and the host.

ab ofiubnicecelrodg itcoal pr ot ec

When gut barrier integrity is compromised, it can become
"leaky" allowing pathogens and toxins to seep through
and affect functions in the rest of the body. A breakdown
in gut barier integrity is typical in people wittgut
diseases and infections. Moreover, gut barrier integrity
can also be weakened in
emotional stress and inevitably deteriorates with aging.
This can lead to inflammation, pain awiarrhoea. In
addition, these conditions or illnesses are often risk
factors for more severe diseases such as colon cancer, and
can often result in pathological changes in other organs
and tissues, leading to further complications.

So why do we need SmaFRoods? Dietelated
health conditionsre critically dependent on events in the
gut and thus poor gut function is a significant economic
burden (7). Poor gut functionis eroding the health of
millions of peopleworldwide and predisposing them to
diseasese.g. obesity(8), diabetes(9), cancer(10) and
heart diseas€l1l). Smart Foods that target gut function
will be a sigificant contributor to the future of Smart
Foods, and meat and milk are ideally placed for
manipulation, either directly as foods, or as key
ingredients that can be included with other food
ingredients for manufacture into Smart Foods that target
this ared6).

MOLECULAR SYSTEMS APPROACH
With the completion of the human genome project, and
the subsequent availability of complete DNA sequence
data for human and other organisms, science has entered
the O6éoani cBWi £srhas | ed to
(techndogies,avhiah allow thze rsichultageows eneasurememnty e
of the functional genome i.e. the many thousands of
changes in DNA structure (emigetics), mMRNA
molecules (trargiptomics), mMIRNA and siRNA
molecules (epigesmics), proteins (proteomics) and
metabolites (metabolomics). It is the combined affect of
all these changes to the functional genome along with our
environment that ultimately determine our phenotype, i.e.
intelligence, obesity, cancer risk, gut healtblgems and
so on. While these technologies allow us to potentially
understand phenotype and our biology at an
unprecedented depth, the amount of data generated using
these techniques has required significant advances in data
collection management techna@y and a new approach
to studybiology, namely systems biology.

Systems biology has been definedmanyways
[1] As a field of study, investigating how interactions
between the components of a biological system give rise
to theé fanetionbaaddbghaviour dgfat systen(12); [2] As
a paradi gm: it he pluralism
biological networks is better addressed by observing,
through quantitative measures, multiple compuse
simultaneously and by rigorous data integration with
mathematical models(13); [3] In terms of operational
protocols usedo doresearch(14), e.g. the application of
systerawide techniques sihic as transcriptomics,
epigenomics, proteomics and metabolomics and
subsequent integration of these protocols. Regardless of
the definition, it is clear that the field of systems biology
recognises the complexity of biological systems, and the
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need to applycomplex methodologies to improve our REFERENCES
understanding of these systems. This has involved the 1.Mellentin, J. (2006). Ten key trends in functional

adoption of a new perspective (integration instead of foods. New Nutrition Business 11:51l.
reduction) to the study of biology. 2.Lahteenmaki, L. and Ledoboer, A. M. (2006).
The complexity of the humagut, as outlined Probiotics- the consumer perspective. Food Science
above, suggests that applgia systems biology approach and Technology BulletinfFunctional Foods 3: 430.
is essential to gain a full understanding of gut function 3.NZ Food and Beverage Task Force (2006). Smart food,
and how it may be influenced by food. The situation is cool beverage. New Zeal andbés f
further complicated when the role of the microbial beverage sector. Available at:
population within the gut is considered. The importance http://www.nzte.govt.nzkction/14454/15865.aspx:
of thegut microbiome to the host has been illustrated by 4. Mellentin, J. (2007). Ten key trends in food, nutrition
studies using gerffree rodents that have no associated and health 2007. New Nutrition Business 133
microbiota. The observation that gefrae mice 5l nvest ment N Z (2006) . New Z
colonised with microbiota harvested from obese mice ingredients & functional foods industry. NZ Trade
gained weight more quickly than those coloniséith whe Enterprise. Available ta
microbiota from lean mic€l5) is but one example. This http://www.investmentnz.govt.nz/common/files/Functi
shows that the microbiome is critical to the translation of onal%20Foods%20Marketing%20Doc_Final.PBF:
the genome into a particular phenotype. Just as each 6.Bermingham, E. N., Roy, N. C., Anderson, R., C
person has a unique genome, each peasn possesses a Barnett, M. P. G., Knowles, S. O. and McNabb, W. C.
unique microbiome; we might think of ourselves as (2008). Smart Foods from the pastoral sector
humanmicrobiota hybrids where our genetic landscape implications for meat and milk producers. Australian
includes our genome and our microbiome. Understanding Journal of Experimental Agriculture 48: 7284.
how the gut microbiome associated with the human body 7. European Technology Platform Food for Life (2D06
is influenced by foods isritical for advancing nutrition Stakehol dersdéd proposal for a s
sciences. 2006:2020. p79.
The number of microbial cells in the human gut 8.Turnbaugh, P. J., Ley, R. E., Mahowald, M. A,
(10" is approximately 10 times greater than the total Magrini, V., Mardis, E. R. and Gordon, J. I. (2006).
number of cells in the human body and consists of 500 An obesityassociated gut microbiome with increased
1000 different species, with an aggregate biomass of capacity for energy harsge Nature 444: 1027031.
approximately 1.5 kg(16). The microbiome contains 9. Chaikomin, R., Rayner, C. K., Jones, K. L. and
more than 100 times the number of genes than in the Horowitz, M. (2006). Upper gastrointestinal function
human genomg16) and provides us with functional and glycemic control in diabetes mellitus. World
features that we have not éwed for ourselves, e.g. the Journal ofGastroenteraigy 12: 56115621.

ability to break down indigestible plant polysaccharides 10. Radtke, F., Clevers, H. anRiccio, O. (2006). From
(O0O10% of dai ly absorbed c a lgu r Homeongtasis @ e camcard €ant dMolecularr y

oxalates and synthesise vitam{i3). This complexity of Medicine 6: 275289.
the gut system is exerbated by the many thousands of 11.Krack, A., Sharma, R., Figulla, H. R. and Anker, S.
bioactive components that are present in foods. D. (2005). The importance of the gastrointestinal
system in the pathogenesis of heart failure.oBean
CONCLUSION HeartJournal26: 23682374.
The molecular study of the biological networks (genes, 12. Snoep, J. L. and Westerhoff, H. V. (2005). From
proteins and metabolites) that are importamhow the isolation to integration, a systems biology approach for
gut system responds to foods needs to be intejveita building the Silicon Cellln: eds L. AlberghinandH.
existing knowledge. This challenging task is necessary to V. Westerhoff, Systems Biology: Definitions and
define the blueprint of the gut system and thus be able to Perspectives, 75pringer, Berlin/Heidelberg).
predict how foods will affect that system in various 13. Sauer, U., Heinemann, M. and Zamboni, N. (2007).
physiological and disease states. Despite our advances in Genetics. Getting closer to the whole picture. Science
understanding how nation affects the human genome 316: 550551.
and thus its function, there are significant gaps in the 14. Kholodenko, B. N., Bruggeman, F. J. and Sauro, H.
research. On the other hand, this represents significant M. (2005). Mechanistic and modular approaches to
opportunities to tailor foods to improve gut health, and modeling and inference of cellular regulatory
al so peopl eds -bmemmandparformtee al t h npetwarksl Ih: eds L. AlberghinendH. V. Westerhoff,
through innovative research and development of future Systems Biology: Definitions and Perspectives, 143,
foods beyond simply nutritioit or Future Smart Foods. (Springer, Berlin/Heidelberg).

Consequently, AgResearch Limited has made the  15. Backhed, F., Ding, H., Wang, T., et al (2004)e gut
strategic decision to invest mitrebiotaasinyenvironmeatal factoytsat regonisesfati ol o gy «

platform that is enabling us to intege the outputs from storage. Pramedings of theNationd Academy of
fifomidecs$s venodo mol ecul ar nutritiSciencedS Afol: 157186423. genomi c s,
nutritional epigenomics, nutritional metabolomics, feod 16.Ley, R. E., Peterson, D. A. and Gordon, J. . (2006).
microbehost interactions etc) into the development of Ecological and evolutionary forces shaping microbial
Smart Foods (using ingredients from milk and meat value diversity in the hman intestine. Cell 124: 83348.
chains) tageted at manipulating the human phenotype for 17. Sonnenburg, J. L., Xu, J., Leip, D. D., et al (2005).
positive health, wellbeing and performance outcomes. Glycan foraging in vivo by an intestiredapted

bacterial symbiont. Science 307: 195359.
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CONSUMER CHOICE

Einar Risvik
Nofima Food, Matforsk AS, Oslovn 1, 1430 Aas, Norway

INTRODUCTION

European food consumers have during the last 40 years
gone from a situation where food has been in short supply
and where new products have been launchedhasia of
fibeing able to utilise as
material o, to a completely
is now abundant and relatively cheap, so during the last
25 years less and less of the disposable income in average
has been used touy food. From the posvar Europe,
where almost 50% of disposable income went to food, we
now see that less than 10% is used for food in the affluent
countries of Europe. For product development this has
generated a completely new context, it is no lorger
guestion of making something of all parts of the pig, it is
a question of understanding consumer choice in a market
where consumers change all the time.

Understanding tomorrows consumers Understanding
consumer choice is today the most important fafor
product development. And choice is a multidimensional
factor with components related to the food in itself and its
attributes, the interaction of the individual with the food
(situation), the individual and its values, and context both
in a small grop context and on a society level (1). Each
of these groups has several dimensions, which adds to
complexity.

Societal components Diets and traditions are different
throughout Europe and this is reflected in local cuisines
such as the Mediterranean didte tBalkan diet and the
Polar diet. Understanding how large cultural segments of
consumers chose based on their cultural heritage is an
understanding of food choice at a macro level. These are
often cultural bonds which follow national borders and
therefore much of this can be understood as cultural
differences between countries.

Health is a major trend at present, and this is reflected
in choice, in several consumer segments with different
drivers. These segments are found in all countries, but
differ more as a function of educational level and
individual values. Among young adults we observe that
food, health and well being are strongly linked, while
some elderly measure health more in the form of absence
of disease. These two segments create very different
behaviours in the market place.

Beliefs Beliefs about food also modify or
behaviour. This is exemplified well in a
segmentation study on Nordic consumers of organic
foods. The three segments of users found are all very
different in their poitive motivation. The elderly
Nor wegi an woman buys
befored and organic food
This motivation is so strong that the information about
food being organic is enough to significantly improve
preferenceon samples earlier evaluated in a blind test as
the least preferred. The second segment is best illustrated
by the Swedish family with 2 small kids. Their
motivation for organic
youo, with a
The third group is best illustrated with young Danish-neo
radical s, with a
perspectiveo. Their
political dimension is strong, but not so strong that it
overrides liking for the product. This group will buy
organic food, maybe also pay more, but only if the food
still is their preferred choice.

Beliefs can manifest sutultural segments in many
ways. Meat and meat consumption is changing and the

adapt
value

or g aniicto the ecal warld (8).
h a s Crossculturab d@ineensiorts annfpod cheice thereforén .

moti vat i o antdwan Thja El.t( CRC Bresa)l13: 2B88. a
mot i vat 2 ®ozin,iPs(20a7y &oodt Chdigef an éntrogluction, b:s

fastest changing behaviois among young female adults,
where consumption is reduced fast in a certain segment.
The motivation is disgust driven by factors related to
animality, the fear of gaining weight and the feeling of
unpleabant afidlnegs.o Bhese btdgethero maket bpe one
unpoftdr éactar with effect for thairtbéhaviour.t od ay .
Habits Habits or repeated exposure is still another factor
related to food choice, often with interaction with sensory
attributes of the product. Coffee liking shows distinct
patterns around Europe, with the sagneup structure in

all countries, but very different size for each segment in
the individual country. For example it is not surprising to
see preferences being highest for instant coffee in the
UK, when we also know that this is where consumption
is highest. The same goes for medium roast blends in the
Nordic countries and heavy roasts for France.

Perception On a perceptual level choice behaviour may
be modified simply by how the senses operate
physiologically. The fact that perception operate through
contrast amplification makes intensities of tastes/flavours
in foods interesting. The preference for sugar for example
is innate. It is therefore not difficult to understand that the
introduction of artificial sugars with more than tenfold in
sweetness fromegular sugars may create a strong wish
for higher sweetness in all foods including those without
the artificial sweetener. Recent observations that people
with a high consumption of low caloric artificially
sweetened foods opposite to what one would exjaéso

are more overweight may be explained by this
mechanism. When this is combined with modern
consumerism where the most apparent value is to reward
one self, this may go very wrong.

DISCUSSION

It is necessary to understand consumer needs, priorities
and choices in order to be able to develop foods to cater
to these needs. Motivations to behave in a certain way
may come from cultural factors in society at large, from
peer and pressure groups, from psychological factor in
the individual, from biologidafactors, from the food
itself or from interactions between the above. This makes
an understanding of the context where consumption is to
be taken place.

The frightening complexity has motivated researchers
to isolate and to decontextualise particulgreass of food
choice and to study these under controlled laboratory
conditions. This is viable so long as the
decontextualisation is done sensibly and integrated back
Aiit was better

represent argat challenge, but are necessary knowledge
in order to target and develop foods for an increasingly
globalised food market.

REFERENCES

c 0 n s a.Rigvik, iE.0 Rwdbptten, M. farad VefléniOtsen,iNs, (2@0d).0 d
h e al mtonsdmptiva.n s i &mssdultural dimensigns tinefsod choice: Europe, In:

Underganding consumers of food products, Eds Frewer,

Understanding consumers of food products, Eds Frewer,
L. and van Trijp, T. (CRC Press) 123.

Proceedings of the Foderenz conference

Page4?2 of 62

gl obal



FOOBAFETY

Proceedings of the Foderenz conference Page43of 62



Proceedings of the Foderenz conference Page44 of 62



NATURALLY OCCURRING TOXICANTS

Kirsten Brandt
Newcastle University, Food Quality and Health Research Group, Agriculture Building, NE1 7RU Newcastle upon
Tyne, United Kingdom

INTRODUCTION

Plants produce a variety of bioactive defence compounds
to protect themselves against diseases and herbivores.
Most of these compounds have detrimental effects on
human health if ingested iterge amounts, with the
consequence that most plant species are not suitable for
direct human consumption.

The term toxicant is defined as a compound that has
the potential to cause harm if consumed in large amounts,
while being harmless in the normalna@ntrations found
in food. However, for a limited number of plant species
the natural toxicants are relatively innocuous to humans
or the concentrations are sufficiently low to be harmless,
either in the fresh plant or after processing. These species
form the basis of all plant food production.

Still, these compounds do affect human health,
although in most cases the effect is beneficial. However,
since the concentrations of natural toxicants can be very
variable, so while normally innocuous, under certai
conditions they can pose a direct risk to human health. It
is therefore important that we understand and manage
those situations, to optimise the benefits of natural
toxicants and minimise the risks associated with them.

TYPES OF NATURAL TOXICANTS

Biochemical origin The bioactive natural toxicants can
be derived from many different biochemical pathways,
since their definition is based on effect rather than
chemistry.

Many natural toxicants occur in the plant cell as
glycosides or other inactive formshich can be cleaved
by special enzymes to release the active form (which can
damage plant cells as well as other organisms). The
formation of the pungent volatile MIBITC {#hethylthio
3-butenyl isothiocyanate) in radish from the glucosinolate
glucoraphasin (1) is a welknown example. Boiling the
radish before cutting denaturates the enzyme and
eliminates the characteristic pungent taste of raw radish.
The compound may still affect human health though,
since the active form may be liberated by gut eregym
Other toxicants stored as inactive forms are
glycoalkaloids from potato and tomato, alkyl cysteine
sulphoxides from plants in the onion family,
anthraquinones in rhubarb, linamarin from cassava, some
phenolic compounds in many plant families etc.

Othe toxicants are stored in their active forms.
Often these have less pronounced toxicity, are
sequestrated in special structures such as resin ducts,
affect structures that are not present in plant cells, or are
only synthesised in response to damage swuhama
infection, and therefore do not damage the healthy plant
cells. Examples of such preformed toxicants are
furanocoumarins from parsnip and celery, terpenes in
chicory, herbs and spices, polyacetylenes from carrot, dill
and related species, caffeine ioffee, lectins and
saponins in beans and other seeds, oxalic acid in spinach
and rhubarb etc.

EFECTS ON ANIMALS AND HUMANS

Effects on caged animalsWhen high concentrations of
toxicants are included in the diet of laboratory animals, it
results (per ddfition) in either weight loss or various
forms of malformations or diseases such as cancer, or a

combination of these. The weight loss can be due to the
ani mal so reluctance t o
(anorexic agent), to interference with nutrient apson
from the feed (artnutrient), or to inhibition of some
other physiological function (growth retardant).

Since the discoveries of protective effects on human
health related to the consumption of fruit, vegetables,
pulses and whole grain foods, whiptovide most of the
toxicants in the human diet, most plant toxicants that
have been tested in appropriate models at physiologically
relevant concentrations have shown beneficial effects
(2,1). However, the standard procedure for risk
assessment of foodapit toxicants is to disregard possible
benefits and only focus on possible risks (3).

Effects on freeliving animals such as humansHer-
bivorous animals including humans are well equipped to
detoxify, excrete or in other ways cope with natural
toxins, reslting in a threshold level below which no
harmful effects occur, irrespective of the duration of the
exposure. However, for every toxicant in food, the
concentration may become so high that it is not possible
to fully detoxify or excrete it rapidly enoudio prevent
any physiological effect. Still, typically the first
physiological effect occurring as the concentrations are
increased is nausea.

Nausea protects against the risk of toxic damage to
the body in two ways: One is the obvious emetic effect,
whereregurgitation of the stomach contents reduces the
exposure to the toxic compound. The other effect is a
much less known and very efficient protective
mechanism called conditioned taste aversion (4). This
creates a lontpsting aversion to the taste of @ofl or
drink that was ingested shortly before the nausea started.
It thus prevents us from repeatedly ingesting a food that
may contain a harmful amount of toxicants.
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Figure 1. Conditioned taste aversion in thirsty rats presented
with flavoured water a#t sessions 3 days apart, with or without
subsequent nausea induced by a concomitant injection with LiCl
(from 5).

The main reason that conditioned taste aversion is so
little known is that laboratory animals cannot freely
choose to avoid the toxicantiifis given by gavage or if
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