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PREFACE 
 

The food industry 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 in respect of diet and health, food safety, quality, 

sustainability, animal welfare and traceability are common to both regions.  In reality these 

issues are increasingly important globally and demand a multi-national approach to research. 

 

Whilst many national programmes across Europe and the EC Framework Programme 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 needs of the consumer, 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 the SMEs.  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 gained if the innovation 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 unknown if they can see a clear and personal benefit 

arising from it.  A group of such benefits is encapsulated by the term ñQuality of Lifeò. 

 

Improvements in the quality of life can clearly arise from healthy eating and the 

environmental and social improvements that can 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 themes covering 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 identified 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. 

 

 

 

 

Martin 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 

Zealand. The food and beverage sector is one of the 

central pillars of New Zealandôs economy contributing 

around 10% of GDP. Its future growth and prosperity 

will be reliant in great part on the application of research, 

science and technology (RS&T) to its products and 

processes. This will include RS&T contributing to the 

maintenance of traditional competitive primary industry 

advantages and a concerted push towards the 

development of ever more value-added food products 

and ingredients and the growth of high value firms. As 

sustainability drivers move to centre stage, growth will 

increasingly need to be coupled with the diffusion of 

sustainability along the whole food value-chain. 

New Zealand has world class R&D capabilities 

supporting the primary production value chain; ófrom 

farm to forkô. These include long-standing strengths 

supporting the breeding, production, processing and 

delivery to markets of high-value whole-foods like 

ZespriÊ Gold kiwifruit. Sustainable primary production 

focused research in areas like pastoral greenhouse gas 

emission research are also moving to centre stage. 

Emerging research strengths are focused on functional 

foods and ingredients, bioactives and personalised 

nutrition. Notable research capabilities include 

nutrigenomics, gut health and nutritional epigenetics.  

In recognition of importance of this sector, the New 

Zealand Government is implementing a bold suite of 

policy initiatives to drive the sustainable economic 

transformation of the food and beverage sector in New 

Zealand. These are strongly centred on research and 

innovation and a partnership approach with industry to 

drive up private sector investment and uptake of R&D. In 

May 2008 the Government announced the New Zealand 

Fast Forward scheme (1). This is a government-industry 

investment collaboration whereby the government will 

make a capital investment of $NZ700 million to be spent 

over 10-15 years. This investment will be matched by 

industry co-funding. Four broad areas have been 

indentified for investment: sustainable pastoral systems; 

research and innovation capability; food innovation and 

product development clusters and infrastructure and 

internationalisation.  

In addition to the wider partnership activities with 

industry, the recently published Government Agenda for 

New Zealand Research, Science and Technology (2) 

identifies future food research as a transformational 

RS&T opportunity for New Zealand. The strategic vision 

for investment in future foods research is to catalyse a 

step-change in the delivery to markets of value-added 

food products and ingredients.  

The government is also in the process of developing 

a Food Research Roadmap to guide the future 

development of its wider investments in food research 

(this includes research to support the sustainable 

economic growth of the food industry and research to 

support public health outcomes). With current 

investment levels at $134 million per annum, food and 

beverage research accounts for around 15% of the 

governmentôs total investments in R&D. The Food 

Research Roadmap will chart a 5-10 year plan for food 

research investment in New Zealand. This will include a 

focus on priority international research relationships. 

The Roadmap is scheduled for publication by June 2009. 

 

REFERENCES 

1. New Zealand Fast Forward: 

http://www.maf.govt.nz/mafnet/new-zealand-fast-

forward/index.htm  

2. From Strength to Strength:  

Government's Agenda for New Zealand Research, 

Science and Technology (July 2008): 

http://www.morst.govt.nz/publications/a-z/g/govt-

agenda/ 

 

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/
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FOODFRENZ ï 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 and lifestyle.  

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 undertaken and 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; personalised 

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 in New Zealand. The 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: 

 cross-sectoral collaboration in the food sector and 

associated disciplines to ensure that the researchers, 

industrialists and funding bodies work together 

effectively within a framework of trust and teamwork 

 exploitation of research by the integration of 

consumer needs and perceptions into research 

programmes to ensure that innovation is driven by 

and accepted by the consumer 

 

 

 

 

 

 

 

ACTIVITIES  

To achieve these objectives the main activities have been: 

 a joint EU-NZ workshop aimed at identifying best 

practice for achieving effective collaborations among 

industry 

 universities and research institutions with a particular 

focus on SME engagement 

 a second joint workshop focused on using consumer 

foresight to shape food research approaches and 

directions 

 fellowships to allow EU researchers to undertake 

study visits to NZ to meet and work with relevant 

researchers and industries (WP3) 

 an international conference where findings and 

recommendations from the workshops and study 

visits are shared and opportunities for future 

collaborations identified 

 dissemination activities primarily via a FoodFrenz 

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 research, industry 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 research agenda.  It is envisaged that the 

research capabilities 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.  To 

this end the FFL ETP are actively participating in this 

event. 
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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 Workshop on ñInternational 

Collaborationò was held in Brussels from 2-3 April, 

2007. The workshop 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 practices. 

 

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: 

 The NZ and European Wine Industries 

 Assessment of IMPACT and EU FAIR Agri-food 

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 presentation are available on the 

website (www.foodfrenz.com). 

 

WORKSHOP OUTCOMES: STAKEHOLDERS  

Four stakeholders were identified as key players in the 

innovation framework: 

 industry 

 universities and academic staff 

 research associations and research staff 

 government 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, and revenue generation due to new 

product sales or increased efficiencies. Research 

organisations are concerned with commercialisation of an 

outcome or product, revenue generation, and continuity 

of scientific capability by acquiring revenue through 

grants, etc.. 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: 

 Universities now want to exploit their inventions, 

so Universities wish to hold IP. Academics, 

however, see their success in getting grants, 

publications and winning prizes. 

 Industry  wants sales, profit and bottom line results 

ï competitive advantage in the market place and 

problems solved. 

 Research Associations want development of 

scientific capability and revenue generation. 

 Government wants to see the development of softer 

skills (young people, strong education base to 

improve the thinking of citizens) and development 

of networks. The government tends to be strongly 

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 different stakeholders having 

different timing. 

 

KEY PRINCIPLES AND MODEL  
The key recommendations from the workshop were: 

 create the right conditions for end user engagement 

in programme planning, execution and decision-

making 

 ensure the right instrument / model for engagement 

 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) 

 University administrators and funding bodies to 

provide incentives to engage meaningfully with 

SMEs 

 Free / reduced cost access to research infrastructure, 

tax breaks and/or other mechanisms to encourage 

SME involvement and make sure financially 

supported 

 encourage SMEs to engage in larger industry 

associations to access trans-institutional research 

concepts and ideas where applicable (into big club 

with Universities) 

 really get industry to clarify their strategy. 

Academia has thought leadership role ï should 

influence industry strategy. 

 

The key principles and operating model for successful 

collaboration at a project level are: 

 establish common goals and success factors for each 

stakeholder at the onset, including different layers of 

each organisation 

 identify measures of success for each partner at the 

start 

 ensure all participants are aware of each others 

needs when projects are discussed and defined 

 no surprises, hidden agendas ï must have 

transparency 

 all partners need to benefit 

 establish appropriate divorce criteria and process 

 identify funding streams to facilitate interactions 

between commerce, universities and contract 

research organisations 

 review regularly ï evaluate positive and negative 

throughout 
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­  communicate and disseminate success 

­  learn from mistakes 

­  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 presented in 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 in line with the Strategic Research Agenda of 

the European Technology Platform on Food for Life. 

There needs to be clear integration and 

interconnection between short-term and long-term 

research. This requires tactical consideration and 

continued funding of both strategic far-market 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 mitigates against 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 needs 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.

 



Proceedings of the Food-Frenz conference Page 9 of 62 

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  

The themes for Food FRENZ are ópersonalised 

nutritionô, ófood safetyô, óanimal health and welfare for 

food productionô, ósustainable food systemsô and 

óinnovative technologiesô. As part of the development of 

the network, a workshop on óConsumer Foresightô was 

held on Wednesday 4 and Thursday 5 April, 2007 at the 

Leopold Hotel, Brussels (1). 

The workshop involved participants from academia 

and industry giving a range of formal presentations that 

covered (i) approaches to the collection of consumer 

information, (ii ) how this information provides useful 

insights into consumer trends, and (iii ) how such 

information is used to guide food and beverage 

innovation. This was followed by sessions in which key 

drivers of current and future food and beverage 

consumption were considered. These latter sessions 

focused on three questions:   

 What is foresight and what are its relevance, value 

and applicability to small and medium sized 

enterprises (SMEs) and larger companies? 

 What are the roles of innovators, consumer scientists 

and marketers in future foods for diverse markets? 

 Who are the gatekeepers? How do they form their 

opinions and policies and how can their actions be 

positively influenced? 

 

The current paper reproduces the main conclusions 

and recommendations arising from the workshop 

discussions. 

 

CONSUMER FORESIGHT 

óConsumer foresightô is the ability to anticipate and 

connect to the future needs of consumers over a 10-year 

plus horizon and develop a route map and consumer-

centric culture in the food and beverage industry that will 

increase the likelihood of delivering products and 

services that meet if not exceed the needs of individuals 

and society. In order to develop óconsumer foresightô it is 

important to track consumer behaviour (beliefs, attitudes, 

perceptions, preferences and food choices) from the past 

to the present in order to identify trends that can be used 

to develop a series of scenarios that represent future 

options for food consumption within societies. 

 óConsumer foresightô will provide valuable insights 

that are relevant to consumers, food and beverage 

industry, government and policy makers, as well as 

science and technology providers. A range of benefits 

will arise from successful óconsumer foresightô: for the 

food industry there will be improved competitive 

position and financial success; for governments there will 

be reduced costs and general benefits to society as a 

whole; and for science organisations there will be 

successful development and implementation of new 

technologies and associated human and organisational 

capability development.  

Success in terms of óconsumer foresightô could have 

a dramatic impact on the return on investment in research 

and development for large / multinational companies by 

increasing the rate of success of new products and 

services (1).  

Many SMEs are dynamic businesses that are in a 

state of constant change in order to maintain competitive 

advantage and respond to changes in the marketplace. 

For many SMEs success is not so much defined in terms 

of returns of investment as it is defined by their survival. 
In the same way that it was possible to infer the value 

arising from óconsumer foresightô for individual large 

companies / multinational companies, it is possible to 

infer an increase in survival rate for SMEs (1).  

 

Recommendations 

 Improve SME involvement in óconsumer foresightô 

by facilitating collective approaches by clusters of 

SMEs with similar óforesightô needs.  

 Facilitate greater dissemination of relevant and 

existing óconsumer foresightô to SMEs. 

 Review and identify best practice in óforesightingô. 

This will involve evaluation of existing 

óforesightingô approaches and, if necessary, 

development of appropriate methods and protocols. 

It is anticipated that the process of development and 

review of óforesightingô will require continuing 

evaluation of its success in realistically predicting 

future food consumption issues.  

 Foresight must be a continuous dynamic process.  

  

THE ROLE OF STAKEHOL DERS 

Innovators in the Food and Beverage industry are the 

visionaries, implementers and champions of change. It is 

important to recognise that they not only create new 

ideas, but also implement changes in a way that captures 

value for industry, consumers and society. Food 

innovation can arise through concepts developed by 

individual industry participants with diverse roles and 

skills, including food technologists, marketers, non-food 

disciplines and consumers. However, in most cases the 

success of a new food and/or beverage is dependent on 

an holistic focus to food- and beverage-related new 

product development, which engages with all these 

diverse skill-bases.  

Given that successful food innovation requires the 

input of many different participants, it is important that 

all these people participate in development of óconsumer 

foresightô initiatives. The increasing diversity within 

markets presents an ongoing challenge and opportunity 

to food innovators as the marketplace is increasingly 

influenced by glocalisation (2), local food re-emergence, 

and growing cultural diversity. Market diversity reflects 

the increasing attention being focused on the voice of the 

consumer both individually and collectively, and, along 

with this, there is an increasing requirement for 

transparency of all components of the entire food chain. 

Effective innovators in the food and beverage 

SMEs need to integrate all of the above components to 

make products targeted to each consumer. It is 

sometimes difficult for food technology innovators in 

SMEs to connect with marketers and consumer scientists 

in a manner that allows robust development and 

evaluation of new food concepts. In many cases, the 

issues are not merely access to these skill-bases, but also 

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.  

Recommendations 

 The multidisciplinary nature of food and beverage 

innovation needs to be recognised and maintained. 

 It is essential to improve recognition and respect 

among all participants in order to achieve 

integration and improved success rate of the food 

innovation process. 

 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.   

 SMEsô access to and level of understanding of 

information on the diversity and dynamics of 

marketing (in all markets) needs to be improved.   

 It is critical that gatekeepers (e.g. retailers and 

regulators) become integrated into any process that 

aims to develop óconsumer foresightô.  

 

THE GATEKEEPERS AND THEIR INFLUENCE  

Gatekeepers ñturn the tap on and offò in terms of 

consumer access to foods and beverages. Key 

gatekeepers include retailers, regulators and policy 

makers, and investors in new product development. All 

these organisations have in common their ability to make 

decisions that directly influence consumersô free choices 

as to what food and beverages they will or wonôt 

consume. Scientists and science often hold a critical role 

in decision-making at the start of the food innovation 

process (scienceĄ SMEs Ą retailer Ą 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 was considered a consequence of 

the nuances of individual scientists rather than a 

deliberate policy of science organisations and therefore 

science/scientists were not considered ótrue gatekeepersô. 

The food and beverage gatekeepers are not islands 

unto themselves. 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: (i) media, increasingly 

now the internet; (ii ) consumer advocacy groups and 

other pressure groups (generally non-government 

organisations, NGOs); (iii ) industry (mainly 

multinational enterprises, MNEs); (iv) medical 

professionals who are among the most trusted 

professions in terms of food and nutritional advice; (v) 

the court of public 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 countries 

such as the UK, retailers have a greater impact on 

consumersô food choices. Gatekeepers sometimes tend to 

be reactive and work to short timescales out of necessity. 

They may operate this way to stay in power or to keep 

people re-purchasing from their outlets. 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 óplayersô seek to influence gatekeepers 

and public opinion. In particular, there was concern over 

extreme 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 communication. 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 innovations that are 

transparent and honest and socially responsible. In 

addition to these, retailers will be looking for food 

innovations that are safe and traceable, can be tied into 

strong brands that offer exclusivity, and can be used in 

positive press to promote their stores. Food and beverage 

innovations that involve manipulation of natural 

organisms should be anticipated to take time before they 

become accepted by some societies. There are often 

feedback loops among media, consumers and 

gatekeepers that result in dynamic interactions.  

 

Recommendations 

 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 gatekeepers and/or consumers.  

 Early engagement with gatekeepers could be 

encouraged by establishing mechanisms to involve 

gatekeepers and their influencers in the 

development of óconsumer foresightô.  

 It will be important to promote the benefits of 

strategic thinking by the food and beverage industry 

(MNEs and SMEs), gatekeepers and the groups that 

influence gatekeepers.   

 It is 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, the process should be 

halted.  
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INTRODUCTION  

Genetic modification (GM) of crops offers immense 

opportunities to incorporate new genes into crop 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 post-harvest storage, 

flavour, nutritional content, and 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, blemish-free 

grains, fruits and vegetables produced in 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 concerns, 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 

issues associated 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 genes can 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 precision breeding of crops for food production. 

 

INTRAGENIC VECTORS FOR GENE TRANSFER  

The intragenic vector system involves the construction of 

gene transfer vectors in which all 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 plant-derived 

sequences equivalent to important vector components 

such as T-DNA 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 design in silico 

vectors for gene transfer using either Agrobacterium-

mediated gene transfer or direct DNA uptake. To date, 

we have constructed such vectors for Arabidopsis, 

petunia, potato and onion and demonstrated their effect- 

iveness for gene transfer to the respective 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, we have constructed intragenic vectors 

for gene transfer to potatoes using both Agrobacterium-

mediated transformation and direct DNA uptake. To 

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 foliage-specific gene 

expression, a granule-bound starch synthase gene and a 

patatin gene to target tuber-specific gene expression, and 

the ubiquitin-3 gene for constitutive gene expression. 

The accurate design and construction of vectors is 

necessary to avoid the inadvertent inclusion 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 cassettes 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 all the tools of molecular biology and 

genetic engineering are used for crop improvement, 

without introducing foreign DNA. This effectively 

results in ñnon-transgenic, genetically modifiedò 

potatoes. 

 

GENETIC ENHANCEMENT OF POTATO  

We are using functional genomics approaches of over-

expression and knock-down of candidate genes to 

investigate the molecular and genetic basis of important 

traits in potato. This involves allele mining from 

germplasm collections to identify variant versions of 

genes for the highly targeted genetic improvement of 

potato. The goal is to deliver these 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 resistance, abiotic stress tolerance, and 

anthocyanin pigmentation. 

For disease resistance we are transferring the coding 

regions of the StSN1, StSN2 and RB genes inserted into 

an expression cassette derived from the potato 

chlorophyll a/b binding gene. The StSN1 and StSN2 

genes are known to encode antimicrobial peptides that 

confer resistance to many pathogens when over-

expressed in plants (8, 9). The RB gene provides 

resistance to late blight (10), the most debilitating 

disease for the global potato industry. Our aim 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-

responsive element binding protein 1 (StEREBP1) from 

potato is known to function as a transcription factor in 

gene regulation associated with responses to abiotic 

stress (11). Over-expression of this gene is known to 

enhance tolerance to abiotic stress in potato and also to 

confer disease resistance in tobacco (11). We are 

transferring this gene, under the control of the regulatory 
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signals from the potato chlorophyll a/b binding gene, 

with the aim of ensuring rapid crop recovery and 

maintaining potato production following 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-coumaroyl-rutinoside)-5-glucoside, pela-

gonidin-3-(p-coumaroyl-rutinoside)-5-glucoside, peo-

nidin-3-(p-coumaroyl-rutinoside)-5-glucoside, petunidin-

3-(p-coumaroyl-rutinoside)-5-glucoside) provide import-

ant visual appeal and have potential implications for 

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 tuber-specific gene expression. This is 

anticipated to up-regulate the 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 friendly 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 cultivars 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 to 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 "knock-down" specific 

functions in plants by 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 (13). The 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, since all the DNA sequences transferred are 

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 micro-translocations, 

which could theoretically 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 responsible 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. 
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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 great 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 preservation 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 Plasma: 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 sense ï apart from 

mechanistic and technical aspects - our 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 cost-benefit 

analysis and payback period estimations of the 

investment are prone to misinterpretations. 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 first-movers telling amazing stories of success. 

Apart from traditional processing routes, completely 

new and innovative approches will have to be considered 

since the utilisation of nano-scale building blocks for 

structuring tasks requires substantial knowledge on 

quantum 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 assembly bio-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 acceptance. 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 to 

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 and stochastically 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 

heating 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 essentially 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. Enzymes 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 at 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 

manufacturing 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 the suitability of the 

different means of energy transfer (thermal, physical, 

electrical, electro-magnetical, irradiation) or 

combinations of these is often the foundation for 

optimising processing technology. 

This contribution will try to find answers to the 

questions: which are the right concepts for using novel 

technologies and which are the ´rules of the road´

.
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INTRODUCTION  
Micro- and Nanotechnologies are enabling technologies 

that will offer opportunities for innovations in virtually 

all areas of human activity. Emerging from the 

downscaling of sizes in the semi-conductor industry 

(microtechnology) our understanding of molecular and 

supramolecular interactions (nanotechnologies) comes 

the ability to create new functionality at the nanometre 

level. Food is a substance with a 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 I will briefly touch on some of the many 

possibilities to give some idea of the opportunities that 

are available. 

 

APPLICATIONS  

The applications for micro- and nanotechnology in food 

processing and products are divers. They range from 

improved processing concepts like the use of microsieves 

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 and 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 nutrients 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 200 g 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 too many 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 fortified with specific 

nutrients. Unfortunately these nutrients sometimes taste 

bad, can not stand the processing required to prepare the 

food, react with another already in the food product, or 

are poorly bio-available. Nanotechnology can overcome 

these problems with nano- or microsized containers that 

can offer additional functionality, for instance to have the 

nutrients delivered to that part of the gastro-intestinal 

tract where they benefit most. These encapsulation and 

delivery systems strongly rely on self assembly 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 products are 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 nanostructured clay platelets 

reduce the O2 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, the 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 deterioration processes. An 

interesting idea is demonstrated in RipeSense®, an 

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 preferences. 

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 of perishable 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 rejection 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 research 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 societal costs 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 of the 

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 and poorly 

biodegradable. These types of óhardô particles can 
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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 strongly depends 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 

nanotechnology), 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 nanostructures are 

designed to break apart and release their contents 

somewhere in the gastro-intestinal tract.  

Unfortunately, when being discussed in public 

nanotechnologies often, incorrectly, are equated with 

nanoparticles. Most nanotechnologies currently used do 

not result in free nanoparticles and most nanoparticles to 

which mankind is exposed are not manmade and 

therefore should not be termed ónanotechnologyô. But 

since the risk assessment of nanoparticles is very 

complex and the applications very broad, further research 

is necessary to develop the knowledge necessary to be 

able to make the distinction between high-risk classes of 

particles (like persistent, insoluble metal or metal oxide 

particles) in specific application and classes of particles 

(like the vesicles and 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 to make the risk assessment or to safeguard 

the population from risks. Trust, in producers, retailers, 

government bodies, academia, Non-Governmental 

Organisations (NGOs), etc., is a very important aspect in 

the risk/benefit evaluation. Food industry can build trust 

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 non-nano alternative 

(that obviously also does not have the benefits) 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 nanotechnologies. 

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 

termed ónanotechnologyô since it is of natural origin. 

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, but cheese obviously is not regarded as 

ónanotechnologyô. This is a serious problem for the food 

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 to 

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 

ólicence to produceô it is important to resolve the 

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 up in our garbage and waste. Before large scale 

applications of persisitent nanoparticles in packaging 

materials (or, for that matter, medical applications), 

mankind should understand the behaviour of these 

particles in the aqueous environment and the kinetics and 

dynamics of their uptake in biological organisms. 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 the risks to the environment, but which can only 

be answered for individual particles at the moment. 

Complexity  The current legislation on risks in 

consumer products and foods is based on the assessment 

of the chemical toxicity. Nanotechnology has added a 

new dimension to this issue since ósize matters. This 

means that a chemical which can be harmless in bulk can 

be hazardous in nanoparticulate form. But also the 

morphology of particles is important. Needle-like 

structures can have very different behaviour in biological 

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 and generic 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 not involve nanoparticles, like sensors, and much 

larger and non-persistent particles, like encapsulation 

systems, can safely be applied and benefit mankind.
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INTRODUCTION  

Fonterra is the third largest dairy company in the world. 

With an annual operating turnover approaching 

NZ$17bn (~ ú8bn); it is New Zealandôs largest 

organisation accounting for 25% of New Zealand 

exports. 

Fonterra has operations located throughout New 

Zealand, Australia, Asia, South America, 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 the various 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 offerings. Consumers are 

continually looking for fresher 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 processing. 

 

NON ï 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 

some uptake in other industries such as meat. Currently 

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 has been shown to have some effect on 

viscosity, enzyme de-activation and molecular 

disruption. In conjunction with more traditional 

processing this technology may provide new solutions 

for functional dairy products. 

 

PULSED ELECTRIC FIELD  
Pulsed electric field 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 processes, extension of 

shelf life and the maintenance of efficacy for high value 

milk fractions such as lactoferrin. 
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INTRODUCTION  

Climate change is a top priority in society today and 

rightfully so considering the possible dramatic 

consequences. In the debate however, the interest is often 

directed towards transport (ñfood milesò) and energy use. 

This is actually not the best way to approach this issue, 

for several reasons. One is that food products often 

display a large share of their total life cycle 

environmental impact in the early stages, agriculture or 

fishery. As a result of this, more efficient modes of 

production and processing can often outweigh even 

rather long transport distances. So, the relevant point of 

measuring the carbon footprint for foods is at the point of 

consumption; thatôs were the impact should be 

minimised. A well suited methodology for doing such 

measurements is Life cycle assessment (LCA) 

 

LCA ï PRODUCTôS ENVIRONMENTAL IMPACT  

The core principle in LCA is that it covers a products 

whole life cycle, from cradle-to-grave. The method was 

initially developed for manufacturing industries and has 

its roots in energy analyses, and in the early 1990s it was 

fi rst applied to food products. LCA is an accounting tool, 

where the starting point is the product under study. All 

resources used for providing that product all the way 

back to production of inputs to agriculture is quantified 

as well as all emissions for the 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 

based weighing factors for single substances into a 

common unit. The CO2-equivalent is a good example, 

where one kg of methane is equivalent to 25 kg of CO2, 

and nitrous oxide has a factor of 298. The method is ISO 

standardised in the ISO 14040-series, textbooks are 

available, e.g. (1). For more on LCA in the food sector 

(2) gives a good overview. 

 

EXAMPLES OF RESULTS 

The result of an LCA is a large number of quantified 

potential environmental impacts for the product under 

study. In Figure 1 an example from a Swedish study on 

hamburger bread (3) is presented. 
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Figure 1. Potential life cycle contribution to global warming for 

one kg of hamburger bread at the point of consumption 

 

The results show that agriculture is the dominating 

part, and that transport is of minor importance despite the 

fact that just below 50% of the wheat was imported from 

North America. It is also evident that other parts also 

contribute significantly. An interesting notation is that it 

is not only CO2 that contributes, but N2O (nitrous oxides)  

which is a result of nitrogen turnover in soil and 

manufacture of fertilisers, is also an important 

contributor to the overall results, so the term ñcarbon 

footprintò might not be as accurate after all. As a 

comparison, similar results for one kg of beef are 

presented in Figure 2, note the difference in scale, meat 

cause much more greenhouse gases than does bread. 
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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 

phase is the most important one, other impacts being 

close to negligible. The high emissions of methane are 

mainly a result of the animals feed digestion, and to a 

lesser extent manure management. 

 

DISCUSSION 

LCA is a well suited tool for quantifying carbon foot 

prints of food products since it can be used to measure 

the most relevant aspect, which is the total emissions 

caused by a product at the point of consumption, and 

must be decreased to make any difference.  

Based on the results presented, it might be tempting 

to conclude that it is mainly a matter for the agricultural 

sector to work with improvements, since thatôs where 

most emissions occur. However, thinking one step 

further it is clear that the rest of the food chain, industry, 

retail and consumers can do very much by considering 

the life cycle impacts. Raw material utilisation is a 

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 

certain products, so there is room for substantial 

improvements. Presently, research where LCA is used in 

combination with other evaluation tools, such as process 

modelling and predictive microbiological modelling is 

being initiated. By this approach, more aspects of 

sustainable food production can be considered 

simultaneously, contributing to an efficient development 

of better production practices within the food industry. 
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INTRODUCTION   

Nitrous oxide (N2O) is a potent greenhouse gas (GHG) 

with a global warming potential 298 times that of CO2 

over a 100 year time horizon. The atmospheric 

concentration of N2O continues to increase linearly 

(0.26% year-1) and in 2005 was 319 ppb (1). The post-

industrial rise in N2O is believed to be primarily due to 

enhanced soil microbial activity from the ever-increasing 

area of fertilized land used for agriculture. Globally, 

agriculture contributes over 40% of the total N2O 

emissions, The Intergovernmental Panel on Climate 

Change (IPCC) guidelines divide agricultural N2O 

emission sources into three categories: direct emissions 

from agricultural land, emissions from animal waste 

systems and indirect 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 demand to lower 

greenhouse gas emissions associated with food 

production. 

Nitrous oxide is produced in the soil via microbial 

processes such as nitrification (the conversion of 

ammonium (NH4
+) to nitrate (NO3

-)) and denitrification 

(the reduction of NO3
- to dinitrogen). The nitrification 

process is conducted by soil micro organisms such as 

Nitrosomonas sp. and Nitrobacter sp., which derive their 

energy from the oxidation of NH4
+ to NO3

-. The resulting 

NO3
- pool is also susceptible to leaching from the soil 

during periods of drainage. Treating the soil with a 

nitrification inhibitor to reduce the nitrification rate 

therefore has the potential to reduce both the direct 

emissions of N2O and indirect emissions of N2O 

associated with NO3
- leaching. 

 

REDUCING NO3
- LEACHIN G AND N2O 

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 to emissions of N2O and 

NO3
- leaching is that formed when urinary-N is deposited 

onto pasture, at rates (e.g. 1000 kg N ha-1) that 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) can slow down the 

nitrification process and increase the period that NH4
+ is 

present in the soil. 

The result of this is reduced leaching of NO3
-, a 

reduction in N2O emissions and enhanced dry matter 

production in the pasture. A fine particle suspension 

method has 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 in NO3
- leaching of 61%, and a reduction in 

N2O 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. Since the 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 with 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 DCD products to farmers, e.g. eco-nÊ, and 

proposals for there to be eco-nÊ specific emission 

factors, with regard to N2O emissions and NO3
- leaching, 

for New Zealand pasture systems (3).  It was proposed 

that where eco-nÊ was specifically used that (i) the 

emission factor of N2O from fertiliser, that was applied to 

eco-nÊ treated pasture, be adjusted from the current 

IPCC default value of 0.01 kg N2O-N/kg fertiliser N to a 

new value of 0.005 kg N2O-N/kg N i.e. a 50% reduction 

in the emission of N2O from fertiliser N (ii) the emission 

factor for N2O from N excreted onto pasture, that is then 

treated with eco-nÊ within 10 days of grazing, also be 

adjusted from a default value of 0.01 kg N2O-N/kg N 

excreted to a new value of 0.005 kg N2O-N/kg N 

excreted i.e. a 50% reduction in the emission of N2O 

from excreta N deposited onto pasture and that (iii) that 

when eco-nÊ is used the fraction of N leached 

(FRACLEACH) is reduced from the current default value 

of 0.07 to a value of 0.0455 i.e. a 35% decrease in the 

amount of N that is lost through leaching and runoff. In 

addition it was also proposed that the use of eco-nÊ 

increased DM production by 10ï15%. 

 

MODELLING THE EFFECT OF NITRIFCATION 

INHIBITORS ON GHG EMISSIONS PER UNIT OF 

PRODUCT 

A model farm, based on New Zealand Ministry of 

Agriculture and Forestry farm monitoring data for the 

Waikato/Bay of Plenty area of New Zealand, was 

constructed in the OVERSEERTM nutrient budget model 

(5). This model farm carried 277 Friesian cows over a 

261 day lactation period with 83,300 kg Milk Solids 

(MS) produced (301 kg MS/cow). All cows were carried 

on the farm over the winter period with yearlings ónever 

on farmô. The effective grazing area was 102 ha with 20 

ha receiving effluent from the farm dairy sump (2.7 

cows/ha). Fertiliser N (150 kg) was applied to non-

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 behaviour that might occur as a result of 

the extra 10ï15% DM production that the use of eco-nTM 

would produce on the dairy farm. In essence these 

alternative farmer behaviours are likely to be either: 

(i)  an increase in stocking rate to utilise the extra DM 

produced, 

(ii)  a reduction of other farm inputs such as N fertiliser 

and brought in supplements while maintaining 

existing production levels, 

(iii)  a combination of these scenarios. 

The five alternative scenarios to the base farm 

model were therefore assessed using the 

OVERSEERTM model. These scenarios were: 

(i)  Stocking rate was increased from 2.7 cows/ha to 

3.1 cows/ha to utilise the extra 15% DM produced. 

This assumed that: 



Proceedings of the Food-Frenz conference Page 26 of 62 

Å the production per cow remained constant, 

Å the amount of supplements brought in remained 

constant and, 

Å  the N fertiliser regime remained constant (50 kg 

N/ha in May/June/July). 

(ii)  Stocking rate was increased from 2.7 cows/ha to 

2.9 cows/ha with the same production rate per cow 

and assuming: 

Å no supplements were purchased and, 

Å the N fertiliser regime remained constant  

(50 kg N in May/June/July). 

(iii)  Stocking rate was increased from 2.7 cows/ ha to 

3.0 cows/ha with the same production rate per cow 

and assuming, 

Å winter fertiliser N was displaced i.e. 

50 kg less N fertiliser/ha was 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) with the 

same production rate per cow and assuming, 

Å winter fertiliser N was displaced i.e. 

100 kg less N fertiliser was used 

(50 kg N/ha in May) resulting in a reduction of 

700 kg DM/ha. 

(v)  No change in cow numbers occurred (2.7 cows/ha) 

but production rate per cow was maintained and 

assuming: 

Å No supplements were brought onto the farm, 

Å  No N fertiliser was used.
                                                                                                                                                                                                                     
Table 1. OVERSEERÊ model outputs for annual farm GHG emissions (kg CO2 equivalents/ha/year) emitted from the various farm 
scenarios corrected with the proposed new eco-nTM conservative emission factors, assuming an eco-nÊ effective period of 5 months and a 

weighting factor of 1.0 for these 5 months 

 
Form of emissions  Base farm   eco-nÊ Scenariosa 

  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 
 Sub-total  2,947   2,618  2,563  2,316  2,034  1,709 

N2O emissions as a % of base farm emissions  100   89  87  79  69  58 

CO2 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 

 Sub-total  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 (CO2equivalents)  11,588   12,313  11,576  11,750  11,179  9,881 

Total as % of base farm  100   106  100  101  96  85 
kg CO2 equivalents/kg Milk Solid  14.2   13.3  13.4  12.9  12.5  12.1 

kg CO2 equivalents/kg Milk Solid as a % of the base farm  100   93  94  91  88  85       

Applying the emission factors, described above, to 

OVERSEERTM outputs showed that eco-nTM reduced 

N2O emissions from all three sources: excreta, fertiliser 

and indirect emissions (Table 1). Despite the increased 

stocking rates, in the OVERSEERTM scenarios, (i) 

through to (iv), excreta N2O emissions were reduced by 

135 kg CO2 equivalents/ha/year when eco-nTM was 

applied under a 5 month effective period. When the 

stocking rate was kept constant, scenario (v), the 

reduction in excreta N2O emissions was further increased 

to 313 kg CO2 equivalents/ha/year. As is commonly 

acknowledged excreta N2O emissions dominated the N2O 

emissions from the grazed pasture systems. Fertiliser N2O 

emissions were also reduced under the eco-nTM adjusted 

OVERSEERTM scenarios. When fertiliser inputs were 

maintained the N2O emission reductions were 159 kg 

CO2 equivalents/ha/year under a 5 month effective eco-

nTM period. Indirect N2O emissions were also reduced by 

up to 159 kg CO2 equivalents/ha/year under the eco-nÊ 

scenarios. Expressed as a percentage of the total base 

farm N2O emissions, the N2O emissions for the scenario 

farms fell to values of 89ï58% for a 5 month econTM 

effective period. At the same time as N2O emissions were 

being reduced by the eco-nÊ regimes there were changes 

in the amounts of methane (CH4) emitted which were a 

function of the scenario farm stocking rates. As stocking 

rate increased so too did the CH4 emissions. However, 

despite the increases in CH4 resulting from the increases 

in stocking rate the overall GHG production (kg CO2 

equivalents/kg MS) for each farm was still lower with 

eco-nÊ usage. For a 5 month effective period GHG 

production decreases ranged from 0.9 to 2.1 kg CO2 

equivalents/kg MS. 
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INTRODUCTION  
Food production is important to the New Zealand (NZ) 

economy. Our diverse soils and climate support a range 

of agricultural and horticultural uses that contribute 18% 

of our GDP. Most production is for international markets, 

with 65% of NZôs export earnings (worth ú9 billion p.a.) 

coming from food and beverages. 

The focus is on high value exports that meet 

consumersô demands for products from sustainable 

production systems. Producers are also under pressure to 

lift productivity due to competition from other land uses 

(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 protecting 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 alternatives to chemical 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 dry matter, 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 five-step 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 end-user 

expectations. This process requires an integrated 

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 it all together, systems modellers.  

 

 
 
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, 

yield and product quality (phenology, development of the 

leaf canopy, radiation interception and utilisation, 

biomass production, and biomass quality and 

partitioning), and (b) define how they are regulated by 

environmental (solar radiation, temperature, water and 

nutrient stresses) and management factors. We also 

investigate soil physical, chemical 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 soil 

research we develop a quantitative understanding of how 

the soil-crop-environment system functions. 

 

CROP MODELS 

In the second step, we integrate knowledge from the 

research to build mechanistic models that can simulate 

the soil-crop-environment system and thereby predict the 

growth, yield and quality of crops. We have developed 

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 structured 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, they can 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, 

temperature, and 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 adaptation changes 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 user-friendly software. 

 

ENGAGING WITH END USERS  

A key reason for the success 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 users have little detailed 

understanding of the research and model development 

phases. Nevertheless, engagement 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 

research, often 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 user-friendly software. Most 

of the DSSs are climate-driven, and simulate the growth 

of crops in real time. However, they are designed for 

various applications, 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 

decisions are 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 optimise irrigation and fertiliser timings and 

amounts to achieve both environmental and economic 

goals. Our óPotato Calculatorô (Jamieson et al., 2004), 

which was developed by building software around the 

potato crop model and a soil model, is an 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 data. The óPotato Calculatorô schedules 

irrigation and N applications to ensure the optimum 

balance between water and N demand and supply, and the 

schedules are continually updated as the crop grows. 

In parallel with development of the óPotato 

Calculatorô, validation tests were done in growersô crops 

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 compared with equivalent values predicted by the 

DSS. The results showed that the óPotato Calculatorô 

accurately predicted actual crop yields across a wide 

range (Figure 2).  

 
 

Figure 2. Comparison between measured yields and yields 

predicted with the óPotato Calculatorô for crops grown at a range 

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 that higher yields 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 be improved by up to 40% 

with better water management. 

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 potato crops grown for 

processing in the South Island of NZ.  

At this stage the main use of the óPotato Calculatorô 

is to manage factors that determine yield. In the future, 

results from current research will enable us to extend its 

capability to include management 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 stage is to deploy our DSSs via the internet. 

This has the twin advantages of making them widely 

accessible to growers and enabling rapid availability of 

updated versions. The óPotato Calculatorô is available at 

www.croplogic.com and, besides its uptake in NZ, it is 

being used increasingly in South Australia and in some 

potato growing regions in North America.  

 

SUMMARY  

Growers in NZ and Europe must maximise yields as 

demand for food production increases, but land available 

for crop production shrinks. In addition, crops need to be 

produced with minimal impact on the environment and 

efficient use of inputs. We must also produce crops 

targeted to meet consumer expectations about the cost of 

food and its health attributes. The use of DSSs like the 

óPotato Calculatorô can help balance all these factors. 

Based on sound science and developed in close 

consultation with end users, these tools help growers to 

fine-tune the management of their crops. 
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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 gas bad 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 facility has on the working 

environment, the impact the factory has on the 

environment, what economical advantages the approach 

has and how improvements 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 real 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 fish interest 

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. They pay ú270 

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 ú150 per day to haul to the nearest biogas 

plant (which they luckily have 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 1000m3 of water they use each day. If it comes in 

at 8 degrees and goes out at 25 degrees and each degree 

of temperature in each m3 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 and more 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 realization of the 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 actions can 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 

material 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 from the 

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 polished from 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 organic material 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 kill the 

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 

ñtreasure islandò off the coast of Peru. Birds have been 

nesting there for hundreds of years and now the manure 

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 

ENERGY AND WATER SAVINGS  

Improving energy and water efficiency in food industry 

is one of the keys to ensure cost-effective manufacturing, 

leading to strong competitiveness of the company in the 

market. Water savings can be achieved through strategic 

implementation of water reuse between water-using 

operations. Further minimisation of freshwater 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 operation of effluent 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 co-workers [1,2,3] has been 

proven to be very effective 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 

considerable attentions from food industry in order to 

respond climate change and improve sustainability of the 

companyôs operation. As various design options and 

mechanism are available for generating, distributing and 

consuming energy in food industry, it is not 
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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 various graphical tools 

(e.g. hot and cold composite curves, grand composite 

curve, total site profile, etc) are available for targeting 

and optimising site-wide energy infrastructure [4, 5].  

In food industry, water use is closely linked and 

interacted with energy 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 discharged without 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 water-using 

operations and water is then discharged 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, as shown 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).   

 

Water reuse

Freshwater

Wastewater
Operation 1

Operation 2

Freshwater Wastewater
Operation 1

Operation 2

Heat
recovery

(a) conventional practice: non-integrated

(b) improved design with water reuse and heat recovery  
 

Figure 1. Simultaneous energy and water minimisation 

 

 

However, complexities in finding best energy 

recovery options as well as water reuse schemes 

ñtogetherò are very high, as there are strong design 

interactions between water and energy systems. Recently, 

Kim and his co-workers developed design methods 

which carries out simultaneous analysis of energy 

recovery in water systems, using either graphic-based 

method [6,7] or mathematical optimisation method [8]. 

Both water-pinch and energy-pinch concept has been 

accommodated in the design frameworks, however, a 

step change in the methodological procedure has been 

made to consider simultaneous interactions between 

water reuse and energy recovery.  

Design procedure follows a two-step approach: 

Targeting and design. In targeting, theoretical minimum 

requirements 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 carried out to achieve the ñtargetò, using 

Two Dimensional Grid Diagram, which exploits 

potential network arrangement of water streams, subject 

to energy recovery constraints. An industrial-size case 

study conducted recently [9] showed that overall 18 % 

improvement in annualised cost, from the integrated 

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 simultaneous 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 energy 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 industrial-size problem, 

considering multiple contaminants and multiple water 

sources. Simultaneous approach can provide the cost-

effective designs by performing the economic trade-offs 

and systematic screening and evaluation of design 

options existed in water reuse and waste heat recovery. 
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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 consisted 

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 scientists overseas 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.   

I have personally been involved in collaboration with 

a wide range 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 lived 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 multilingual 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 

epidemiological 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 of foot-and-

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 outbreak 

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 transmitted back 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 

interpretation 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 sources into 

a single result through the use of a ñsurveillance 

portfolioò was developed, and adopted by all EU 

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 long-term patterns of Salmonella 

infection in Danish pig herds.  Industry collaborations 

have also been undertaken in a number of other 

countries. 

Collaboration with Univ ersities 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 educational 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 cooperative activity 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 including people 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 programs 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 laboratory-based 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 obtaining 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 

Zealand, 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 mechanisms, 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 which should guide decisions on 

how to build future collaborations. 

1. There must be strong commitment by individual 

scientists from both sides of the collaboration to 

make it work, and to gain the benefits of synergy.  

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. 

2. Enthusiasm will result from each partner making 

available skills or resources that the other partner 

wishes to use.  One-sided relationships rarely work. 

3. 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 sides to make the 

collaboration work. 

4. Effective direct communication between the partners 

is crucial to success. Building easy and effective 

communication mechanisms is a crucial building 

block for joint activities. 

5. Bilateral relationships have so far been much easier 

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 

much easier 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 benefits to the 

participating countries and institutions. 

 



Proceedings of the Food-Frenz conference Page 33 of 62 

PERSONALISED FOODS



Proceedings of the Food-Frenz conference Page 34 of 62 



Proceedings of the Food-Frenz conference Page 35 of 62 

OBESITY IS A GROWING PROBLEM - HUNGARIAN PERSPECTIVE 
Adrienn Hegyi 

C&C Magyarország, 1096 Budapest Haller u.2. 

 

At present obesity and overweight are serious health 

concerns in the world and in Hungary too. The rates of 

obesity have increased dramatically in Hungary in the last 

10 years, 20% of the 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 healthy products 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 focus on 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 for the food industry sector to 

develop greater variety of ñlow calorie menusò with 

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 are based on the Hungarian Government 

funded GVOP ï 3.1.3. 2004-05 0352/3.0 project. 

In conclusion, the important factors contributing to 

obesity were to be lack of sport activities, family 

background and ñunhealthyò eating and snacking habits. 

In accordance with 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 

respondents indicated stress as a key factor in the 

occurrence of ñunhealthyò eating and snacking habits. 

Gender differences in the reasons causing obesity were 

observed, men respondents explained their obesity with 

giving up smoking, lack of sport activity and getting 

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/health problems. From the food 

choice and preferences point of view the main findings of 

the research were that obese participants could not miss 

meat and sweet products during diet and they prefer the 

Hungarian, Italian and Greek cuisines.   
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INTRODUCT ION 

Nutrigenomics is characterised by diet-gene 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 prevention of 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, HortResearch, Crop & Food 

Research and AgResearch Ltd. focuses on Inflammatory 

bowel diseases (IBD), especially Crohnôs disease (CD), 

as proof of principle. A schematic of the integrated 

approach used for developing personalised foods by this 

programme is provided in Figure 1 below. 

 

 

HUMAN STUDIES 

Genetic variation. Differences between individuals can 

be compared at a population level using genetic 

epidemiology. A large number of technologies are 

available for measuring single nucleotide polymorphisms 

(SNPs), 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 Odds ratio for 

IBD/control  

Re

f 

CD UC 

CARD15 702W 2.7 1.5 4 

 908R 2.4 1.0  

 1007fs 4.4 1.4  

DLG5 R30Q 1.3 1.0 5 

TLR4 Asp299Gly 1.2 1.2 6 

 

Candidate gene studies have been based on informed 

guesses as to which genes are likely to be 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 106 SNPs at a time. 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 people 

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 computer-based recording 

accompanied with accurate pictorial representation. 

Nevertheless, 24 hour diet diaries or food frequency 

questionnaires may be the most practical approach to 

studying the large numbers necessary for population 

studies involving nutrigenomics (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, Philpott et al., (8) describe 

transient or 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 phenotypic 

effects of the variant SNP. That is, a pharmaceutical 

model may provide information of value in developing 

foods to match peopleôs genotypes.  

 

IN VIVO STUDIES USIN G ANIMAL MODELS   

Animal models that mimic the disease condition of 

interest provide the 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 

performance-related genes. For example, the case of 

IBD, the interleukin-10 knock out mice has provided 

information of considerable relevance to IBD in humans 

(9). Mouse experiments are set up using a 2x2 study 

Figure 1. A flow chart to illustrate steps in the development of 

personalised foods through genomic approaches. 
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design, and the animals fed the appropriate test diet 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 to identify disease-, health-, or 

performance-related 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 study whether specific foods or specific diets can be 

useful for the maintenance of good health, as well as 

reducing susceptibility to disease states. Food 

component-induced 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 endpoint of a 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 genotype group.  

However, disease endpoints take a long time to develop, 

and because of uncertainties that the dietary regime will 

indeed be efficacious, are unethical. Subject pre-selection 

or stratification needs to be initially made according to 

genotype, and 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 used C-reactive 

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 this approach is the ability to 

maintain large datasets and analyse complex 

multidimensional interactions. A substantial part of any 

successful progress must put considerable resources into 

delivering the bioinformatics, biostatistics and database 

resources for nutrigenomics 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 infrastructural 

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 human health or disease. 

A significant analytical challenge remains, in reducing 

the dimensionality of such complex datasets. 
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GASTRONOMICS: A BIRDôS EYE VIEW 
Imagine this: It is Friday afternoon. You plan to stop at 

the shop on the way home from work to buy a bottle of 

white wine to have that evening. Which variety will you 

buy? A Chardonnay, a Pinot gris or perhaps a 

Sauvignon blanc? Many factors will affect this choice ï 

and one of them is your innate ability to smell the 

specific compounds that define the distinct flavours of 

each of these wines. If you cannot smell the flavours that 

make Sauvignon blanc unique, it is probably less likely 

that this will be the variety you prefer and the one you 

will end up choosing to buy. To successfully compete in 

the hypercompetitive and global market place for foods 

and drinks, understanding individual preferences is 

becoming a ómust.ô Gastronomics leverages of state-of-

the-art developments in human genetics to build a field 

of research that can deliver in-depth insights on each of 

our flavour preferences. Products that appeal to our 

individual preferences sell much more. 

 

GASTRONOMICS: THE POTENTIAL FOR FOOD 

AND BEVERAGE INNOVATION   

Consider a beverage manufacturer who wishes to extend 

a base product to a range of different flavours (e.g., 

flavoured milk). In deciding which flavour variants to 

pursue, the firm can draw upon knowledge of genetically 

determined ability to detect and enjoy these flavour 

compounds. In a certain market anosmia (i.e., ósmell 

blindnessô) may be as high as 50% for one compound, 

but only 5% for another compound, pointing to greater 

success for the latter flavour variant. The more 

consumers who can detect a flavour compound and have 

the possibility of enjoying its flavour, the greater the 

productôs commercial potential. Although a simplistic 

example that does not take into account the complexity 

of multiple flavour compounds, or interactions with taste 

and texture qualities (1, 2, 3), this conveys the 

fundamental promise of what gastronomics research can 

do for Food & Beverage (F&B) innovation.  

Our ability to smell specific compounds is largely 

genetically determined (4, 5, 6), and is the critical factor 

underpinning flavour perception (1, 7, 8). The premise of 

Gastronomics is that a personôs genetic makeup with 

respect to odour perception can be a predictor of personal 

food preferences and food choices. Such a link could 

have a transformational effect on F&B industries across 

the Globe, enabling innovation of premium products 

optimised for taste and flavour. The notion that F&B 

innovation needs to deliver products that people like is 

not new. What is new is looking closely at certain human 

genes to understand why people prefer different foods 

and how products that will meet the individual 

preferences of consumers can be developed.  

To compete successfully in the global and 

hypercompetitive F&B sector, a firm must be better than 

its competitors at meeting and/or exceeding its 

customersô needs and wants. The segment-of-one is the 

Holy Grail in this regard - knowing each of your 

customers and understanding what gives each of them 

satisfaction and makes them ótick.ô Gastronomics 

research can deliver that level of understanding with 

respect to the satisfaction or pleasure derived from foods 

and drinks. How? By using genotype information to 

make predictions about what flavours people can detect. 

When coupled with knowledge of peopleôs cultural and 

social backgrounds, this genetic insight can be harnessed 

to make predictions about personal F&B preferences. In 

turn, this know-how can be used to design products that 

fully satisfy each of us. 

The notion of ópersonalised foodsô is still in its 

infancy, in NZ and globally. However, it is poised for 

take-off, as evidenced by the R&D efforts directed at 

nutrigenomics (9, 10), which is the science of how food 

nutrients and genes interact. Understanding of how 

genetic variation affects our response to different 

nutrients is expected to bring about radical changes in 

how food is grown, processed and consumed, and lead to 

personalised diets tailored to genetic make-up (10, 11, 

12). New and diversified products are needed to 

capitalise on the opportunities created by both 

gastronomics and nutrigenomics. By cross-linking 

nutrigenomics and gastronomics products that are 

personalised for both health and pleasure, may become a 

reality.  

 

GASTRONOMICS: THE SCIENTIFIC PREMISE  

Gastronomics links into one of the most important 

international science developments currently underway: 

human genetic variation; hailed by Science as the 

breakthrough of the year in 2007. Our genomic 

landscape is being uncovered at an unprecedented rate 

and holds the potential to discover what contributes to 

red hair, freckles, pudginess or a love of chocolate (13). 

We have chosen to initially anchor Gastronomics 

research in the sense of smell. Humans can detect 

about 20,000 different odours in about 10 different 

intensities, but only 5 different tastant types (14). 

Also, much of our pleasurable eating experiences are 

determined by the flavour of foods and beverages during 

consumption, which is mostly perceived by the nose 

either directly by smelling (orthonasal) or indirectly via 

the back of the throat as we eat (retronasal). This, 

together with the Nobel prize-winning discovery of the 

odorant receptor (OR) genes (15), has released the 

potential to link human genomics with the flavour 

research of food science.  

Not everyone has the same set of functional ORs (16, 

17), resulting in different people having different 

abilities to detect the odour compounds that make up a 

foodôs flavour. Our key questions are how this varying 

sensory odour acuity that we and others have begun to 

identify (18, 19) is encoded within our genomes and how 

it relates to peopleôs food preferences and consumption 

behaviours.  There have been no previous attempts to 

link genetic and sensory information about flavour 

perception to food preferences and choice.  

 

GASTRONOMICS: PRELIMINARY EVIDENCE  

Gastronomics builds on the premise that a personôs 

genetic makeup in relation to odour perception is a 

determinant of his/her food preferences and consumption 

behaviours. To test this assumption, data pertaining to 
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individualsô genotype and phenotype in relation to odour 

acuity are needed. Data relating to food preferences and 

food consumption behaviours are also needed, and 

importantly, must be obtained from the same set of 

people, allowing relationships to be identified, from 

genotype, through sensory acuity, to food preferences.  

With such data, key questions can be asked and 

answered: i) How is sensory odour acuity for food-

related compounds distributed within and among 

people?; ii) What are the genetic bases of variation in 

peopleôs sensory odour acuity for food-related 

compounds?; iii) How does sensory odour acuity for 

food-related compounds influence food preference and 

consumption behaviours? 

We have conducted preliminary work to address the 

first two questions. In 2007 we collected odour 

thresholds for five food-related compounds in a group of 

50 people. We are still in the process of analysing 

participantsô genetic data, but the phenotype results are 

exciting. The threshold data suggest that a single gene 

may determine ability to smell hex-Z3-enal, which is a 

key flavour compound in GREEN kiwifruit, contributing 

to its green/grassy flavour (20). Figure 1 suggests that 

two groups of people exist, whose ability to detect hex-

Z3-enal vary by a magnitude of order. The presence of 

two distinct thresholds groups point to a simple genetic 

basis for ability to detect hex-Z3-enal.  

For New Zealand, uncovering the genetic basis of 

ability to detect hex-Z3-enal could be commercially 

valuable, especially if this genetic inheritance can be 

linked to peopleôs liking of GREEN kiwifruit. Kiwifruit 

is polarising ï some people love it, others hate it. 

Tentatively, those who hate it could share a genotype that 

prevents them from perceiving the flavour of hex-Z3-

enal. Conversely, those who love GREEN kiwifruit may 

share a genetically-determined ability to detect hex-Z3-

enal and enjoy its flavour. Such knowledge can be 

harnessed for F&B innovation. 
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Figure 1. Threshold distribution for Hex-Z3-enal. 
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INTRODUCTION  

What are Smart Foods and why do we need them?  The 

Smart Foods industry is built on the assertion that 

ñHealth is the future of foodò and that ñthis premise will 

shape the business of food, nutrition and health for many 

years to comeò (1). The EU (2), NZ Food and Beverage 

Task Force (3) and Australia (Food Standards Australia 

NZ, www.foodstandards.gov.au) have identified an 

urgent need for innovative evidence-based foods for gut 

health. According to the British Nutrition Foundation 

(www.nutrition.org.uk) Smart Foods are foods that have 

been or will be developed via new and improved 

processes. Smart Foods may have functions other than 

providing energy and nutrients or perform functions that 

are not normally achieved by conventional foods (e.g. 

reducing cancer risk or cholesterol levels). The British 

Nutrition Foundation together with the Design and 

Technology Association (www.nutrition.org.uk) have 

included foods with novel molecular structures (e.g. 

modified starch) and functional foods (e.g. probiotic 

yoghurt, cholesterol-lowering 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.foodnavigator-usa.com). In both Japan 

and Europe, the area of gut health is instrumental in 

driving the Smart Foods market (4). Food and beverage is 

the largest manufacturing export sector in NZ (3, 5) but 

needs to expand product diversity and command greater 

market premiums, especially for meat and milk products 

(6). Until now, the small but rapidly growing functional 

health food industry in NZ has successfully leveraged 

NZôs key export strengths (i.e. clean and green image 

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 evidence-based, there is 

significant research required to better understand the 

effect of foods on gut health. 

 

GUT FUNCTION AND HEALTH  

The human gastrointestinal tract, with a surface area of 

400 m2, is the largest interface between a human being 

and their environment (cf. skin: 2 m2; lung: 100 m2) and 

is the key driver behind food utilisation. The 

gastrointestinal barrier is a complex cellular structure, 

made up of four main components (epithelial cell layer, 

mucus layer, immunological barrier, microflora), which 

acts as a ñbiological bouncerò to protect the body from 

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 action remain largely 

unknown, as are their interactions with food and the host. 

 

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 barrier integrity is typical in people with gut 

diseases and infections. Moreover, gut barrier integrity 

can also be weakened in ñhealthyò people during times of 

emotional stress and inevitably deteriorates with aging. 

This can lead to inflammation, pain and diarrhoea. 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 Smart Foods? Diet-related 

health conditions are critically dependent on events in the 

gut and thus poor gut function is a significant economic 

burden (7). Poor gut function is eroding the health of 

millions of people worldwide and predisposing them to 

diseases, e.g. obesity (8), diabetes (9), cancer (10) and 

heart disease (11). Smart Foods that target gut function 

will be a significant 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 area (6). 

 

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 óomicsô era. This has led to development of óomicsô 

technologies, which allow the simultaneous measurement 

of the functional genome i.e. the many thousands of 

changes in DNA structure (epigenetics), mRNA 

molecules (transcriptomics), miRNA and siRNA 

molecules (epigenomics), 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 health problems 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 technology and a new approach 

to study biology, namely systems biology. 

Systems biology has been defined in many ways: 

[1] As a field of study, investigating how interactions 

between the components of a biological system give rise 

to the function and behaviour of that system (12); [2] As 

a paradigm: ñthe pluralism of causes and effects in 

biological networks is better addressed by observing, 

through quantitative measures, multiple components 

simultaneously and by rigorous data integration with 

mathematical models" (13); [3] In terms of operational 

protocols used to do research (14), e.g. the application of 

system-wide techniques such 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 

http://www.foodstandards.gov.au/
http://www.nutrition.org.uk/
http://www.nutrition.org.uk/
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need to apply complex methodologies to improve our 

understanding of these systems. This has involved the 

adoption of a new perspective (integration instead of 

reduction) to the study of biology.  

The complexity of the human gut, as outlined 

above, suggests that applying a systems biology approach 

is essential to gain a full understanding of gut function 

and how it may be influenced by food. The situation is 

further complicated when the role of the microbial 

population within the gut is considered. The importance 

of the gut microbiome to the host has been illustrated by 

studies using germ-free rodents that have no associated 

microbiota. The observation that germ-free mice 

colonised with microbiota harvested from obese mice 

gained weight more quickly than those colonised with the 

microbiota from lean mice (15) is but one example. This 

shows that the microbiome is critical to the translation of 

the genome into a particular phenotype. Just as each 

person has a unique genome, each person also possesses a 

unique microbiome; we might think of ourselves as 

human-microbiota hybrids where our genetic landscape 

includes our genome and our microbiome. Understanding 

how the gut microbiome associated with the human body 

is influenced by foods is critical for advancing nutrition 

sciences.  

The number of microbial cells in the human gut 

(1013) is approximately 10 times greater than the total 

number of cells in the human body and consists of 500-

1000 different species, with an aggregate biomass of 

approximately 1.5 kg (16). The microbiome contains 

more than 100 times the number of genes than in the 

human genome (16) and provides us with functional 

features that we have not evolved for ourselves, e.g. the 

ability to break down indigestible plant polysaccharides 

(Ó10% of daily absorbed calories), degrade dietary 

oxalates and synthesise vitamins (17). This complexity of 

the gut system is exacerbated by the many thousands of 

bioactive components that are present in foods. 

 

CONCLUSION 

The molecular study of the biological networks (genes, 

proteins and metabolites) that are important to how the 

gut system responds to foods needs to be integrated with 

existing knowledge. This challenging task is necessary to 

define the blueprint of the gut system and thus be able to 

predict how foods will affect that system in various 

physiological and disease states. Despite our advances in 

understanding how nutrition affects the human genome 

and thus its function, there are significant gaps in the 

research. On the other hand, this represents significant 

opportunities to tailor foods to improve gut health, and 

also peopleôs general health, well-being and performance 

through innovative research and development of future 

foods beyond simply nutrition ï or Future Smart Foods. 

Consequently, AgResearch Limited has made the 

strategic decision to invest heavily in a ñsystems biologyò 

platform that is enabling us to integrate the outputs from 

ñomics-drivenò molecular nutrition (e.g. nutrigenomics, 

nutritional epigenomics, nutritional metabolomics, food-

microbe-host interactions etc) into the development of 

Smart Foods (using ingredients from milk and meat value 

chains) targeted at manipulating the human phenotype for 

positive health, wellbeing and performance outcomes.     
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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 launched on a basis of 

ñbeing able to utilise as much as possible of the raw 

materialò, to a completely different situation today. Food 

is now abundant and relatively cheap, so during the last 

25 years less and less of the disposable income in average 

has been used to buy food. From the post-war 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 longer a 

question 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 factor for 

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 group 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 diet, the Balkan 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 adapt 

behaviour. This is exemplified well in a value 

segmentation study on Nordic consumers of organic 

foods. The three segments of users found are all very 

different in their positive motivation. The elderly 

Norwegian woman buys organic because ñit was better 

beforeò and organic food has not been tampered with. 

This motivation is so strong that the information about 

food being organic is enough to significantly improve 

preference on 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 consumption is that ñit is good for 

youò, with a health dimension for long term consumption. 

The third group is best illustrated with young Danish neo-

radicals, with a motivation to ñact local in a global 

perspectiveò. Their motivation is again different as the 

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 sub-cultural segments in many 

ways. Meat and meat consumption is changing and the 

fastest changing behaviour is 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 

unpleasant fullness. These together make up one 

important factor with effect for their behaviour.  

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 same group 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 from regular 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 expect, also 

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 biological factors, 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 particular aspects 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 

into the real world (2). 

Cross-cultural dimensions in food choice therefore 

represent a great challenge, but are necessary knowledge 

in order to target and develop foods for an increasingly 

globalised food market.  
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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 in large 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 normal concentrations 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 certain 

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 forms, which 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 (4-methylthio-

3-butenyl isothiocyanate) in radish from the glucosinolate 

glucoraphasatin (1) is a well-known 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 enzymes. 

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.  

Other 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 such as an 

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 in coffee, lectins and 

saponins in beans and other seeds, oxalic acid in spinach 

and rhubarb etc. 

 

EFECTS ON ANIMALS AND HUMANS  
Effects on caged animals  When high concentrations of 

toxicants are included in the diet of laboratory animals, it 

results (per definition) 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 

animalsô reluctance to eat the contaminated feed 

(anorexic agent), to interference with nutrient absorption 

from the feed (anti-nutrient), 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, which provide 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 food plant toxicants is to disregard possible 

benefits and only focus on possible risks (3). 

Effects on free-living animals such as humans Her-

bivorous animals including humans are well equipped to 

detoxify, excrete or in other ways cope with natural 

toxins, resulting 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 enough to 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, 

where regurgitation 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 long-lasting aversion to the taste of a food 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.  

 
Figure 1. Conditioned taste aversion in thirsty rats presented 
with flavoured water at 4 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 toxicant if it is given by gavage or if 

 


