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Food Supply in the Australian Context:
Australia is positioned as a clean and secure food growing nation and the Australian agri-food sector contributes around ten percent (10%) of GDP. In 2005-06 food exports, valued at AUD$23.8 billion, made up greater than fifteen percent (15%) of total Australian merchandise.
  Australia also has a trade surplus in food equivalent to AUD$18.6 billion.  Meat and grains have consistently been the largest two exports with 28% and 18% respectively in 2005-06. Asia is the major export market for Australian food exports with meat and dairy the largest categories to this region.
  Australian food both unprocessed and processed currently makes up around three percent (3%) of the global trade in food. The value of internationally traded food products is increasing at a rate of about two point four percent (2.4%) per annum. Australia’s growth in the value of outputs from the processed food industry averaged around two percent (2%) per annum over the past ten years.
  Food exports have grown at around two percent (2%) per annum for the past decade and have been dominated by wine and dairy exports. The agri-food sector employs over half a million people, 192,000 directly in food manufacture and 383,000 in agricultural food production.
 
Globalisation is occurring in the food industry and this is resulting in a vastly different structure, particularly as it relates to the sourcing of food and food raw materials. Australia is facing challenges in its traditional export markets from emerging low cost producers in beef and grains. Australia is well positioned to participate in the ongoing globalisation of the food industry. Australia’s food exports to China have doubled in the last five years growing by ninety four percent (94%) to AUD$ 1.3 billion.
 A key driver for this is the growth in food consumption / composition (diets higher in dairy, meat, fish and grains) in the region as the economies of low and middle income nations grow. 
Key Challenges and Opportunities for Australia:

The major challenges facing Australia in the agri-food domain are competition from low cost producers, the potential diversion of food resources to biofuels and the impact of drought and climate change.  The opportunity is to address these challenges through research and development that allows product differentiation at all parts of the value chain.  Key to this is understanding in the global context the consumer mega trends of convenience, taste, nutrition and health.  An opportunity is also presented by understanding and addressing the awareness of consumers regarding the environmental impacts of food production / processing.  In this regard the efficient use of water, energy and raw materials to create sustainable use of these resources.
Australian farmers face a long-term deterioration in the terms of trade whereby input prices have increased at a faster rate than out put prices.  To date, this has been countered by productivity gains but a new paradigm shift is required to compete in a highly globalised market where Australian exports compete with those of low cost producers.

Health continues to be a major driver for food and Australia is now ranked as one of the fattest nations in the world with 20-25% of children, 42% of adult females and 60% of adult males are either overweight or obese.  
Meeting the Challenge:

Australia invests over AUD$1 billion in agriculture and food research via Australian governments, higher education institutions, research and development corporations and the private sector.
  To remain globally competitive, research and development in Australia is addressing the need to consistently produce food and to enable product differentiation. Product differentiation will allow the creation of higher added value non-commodity products – referred to as “decommoditisation”. The Commonwealth Scientific and Industrial Research Organisation (CSIRO) is globally one of the only institutions possessing multidisciplinary capability that can be drawn on from across the entire food value chain “from paddock to fork and beyond to nutritional impact”.    
CSIRO

CSIRO is Australia’s premier research organisation which provides scientific solutions to industry, governments and communities both nationally and internationally. It is Australia's national science agency and one of the largest and most diverse scientific research organisations in the world. CSIRO’s role is to deliver great science and innovative solutions for industry, society and the environment. The organisation is focused on new ways to improve quality of life, as well as the economic and social performance of a number of industry sectors through research and development. Established in 1926, CSIRO is the single largest employer of scientists in Australia, with more than 6 500 people conducting and assisting with scientific research at 57 sites in Australia and around the world.

CSIRO's primary roles are to:

· undertake scientific research

· assist Australian industry and to further the interests of the Australian community

· contribute to national and international objectives and responsibilities of the Australian Government

· encourage or facilitate the application and use of the results of its own or any other scientific research. 

The role of CSIRO also includes international scientific liaison, training of research workers, publication of research results and dissemination of information about science and technology.

The organisation is an independent statutory authority and its stakeholders include:

· Australian business and industry

· Australian national and state governments and their agencies

· the Australian community

· the international community including developing nations.

Flagships Programs 

The Australian Federal Government has set out a number of National Research Priorities (NRPs) which have been designed to focus research and development. These NRPs are in the areas of (1) an environmentally sustainable Australia, (2) promoting and maintaining good health, (3) frontier technologies and (4) safeguarding Australia. CSIRO is directing the majority of its resources to addressing these NRPs and the National Research Flagship program is contributing significantly in this domain.         

The National Research Flagship program, developed by CSIRO, is one of Australia’s largest scientific research programs. It is focused on outcomes, delivering research solutions to advance Australia’s most important national objectives framed by industry directions, community expectations and needs.

Launched by the Australian Government in 2003, the objectives of the National Research Flagship program are to deliver solutions from science in the 21st century in the areas of health, energy, climate, water, food, metals, oceans, manufacturing and mineral exploration.

There are currently nine National Research Flagships and each Flagship is a partnership of leading scientists, research institutions, commercial companies, the CSIRO and selected international partners. Through a combination of direct Australian Government investment, CSIRO investment and partner contributions, it is anticipated that the total investment in the Flagships over the next seven years will be close to AUD $1.5 billion.  

Industry partnerships are central to delivering the outcomes of the Flagship programs and they play a major role in setting the direction of each Flagship’s research.  Industry partners feature strongly in the list of well over 100 partners and collaborators that are contributing to the direction setting and delivery of the Flagships.  The direction and strategy of the Flagships are guided by Flagship Advisory Committees that consist of senior executives from companies, government and the community.

The nine National Research Flagships include:  Climate Adaptation, Energy Transformed, Food Futures, Light Metals, Minerals Down Under, Niche Manufacturing (focus on nanotechnology), Preventative Health, Water for a Healthy Country and Wealth from Oceans. 

A key element of Flagships is collaboration. In 2004 the Australian Government provided AUD$305 million of new funding to CSIRO for the Flagship initiative. AUD$97 million of this was set aside to be spent outside of CSIRO to enhance collaboration with Australian universities and other publicly funded research agencies – the Collaboration Fund. Additional support for the Flagship initiative was announced early in 2007 with the creation of three new Flagships (Climate Adaptation, Minerals Down Under, and Niche Manufacturing).  A portion of this new funding was also set aside for the Collaboration Fund. The Collaboration fund supports four kinds of activity: (1) clusters – three year partnerships between Flagships, Australian universities and other publicly funded research agencies.  The Fund provides approximately AUD$1 million per annum for three years to support research that will assist in delivery of Flagship goals. To date the Food Futures Flagship has three active clusters (i) Biosensors Cluster involving the Australian National University, Monash University and The University of Queensland, (ii) Bioactives Cluster involving The University of Melbourne and Monash University and (iii) High Fibre Grains Cluster involving The University of Queensland, The University of Melbourne and The University of Adelaide; (2) projects – short term, up to two years.  The fund provides approximately AUD$100,000 per annum and the Food Futures Flagship currently has seven projects underway; (3) Flagship Fellowships are available to distinguished academics (globally) and provide for up to AUD$100,000 for six months.  The Food Futures Flagship has had 4 Flagship Fellowships to date and (4) post graduate scholarships for Australian universities.
  
Food Futures National Research Flagship 

The Food Futures Flagship was initiated in 2003. The Flagship's goal is to transform the international competitiveness and add AUD$3 billion annually of value to the Australian agri-food sector by the application of frontier technologies to high potential industries.

An independent economic analysis of the Flagship’s research portfolio has demonstrated that it has the potential, in partnership with industry, to deliver to the Flagship goal of adding AUD$3 billion value annually to the Australian Agri-food sector by 2013. The portfolio has the potential to deliver in excess of AUD$10 billion value annually at market maturity (approximately 2020).  These figures do not include indirect benefits such as cost savings resulting from health, longevity and productivity of Australians resulting from the introduction of new foods and ingredients. The Flagship aims to deliver transformational change through the use of frontier technologies in the areas of grains, beef, aquaculture, feeds and food processing for new foods and ingredients.  
The Flagship will deliver impact through existing and / or new industries at the following key leverage points in the value chain:
1. Redesigning the composition of grains to deliver premium grain, grain based food and feed products with enhanced product quality attributes and delivering benefits for human health,

2. Engineering and delivery of new breeding systems for beef and seafood

3. Add value to food raw materials / waste via the development of nutritionally / functionally enhanced ingredients and the rationale design of foods.  These will contribute to the lowering of lifestyle diseases and overall health improvements, and

4. Biosensor measurement of flavour molecules to objectively measure and improve grape and wine quality.

Each of these leverage points is addressed by a theme of the Flagship:
Future Grains:

The goal of this theme is to deliver differentiated grains worth AUD$550 million by 2013.  The theme has the potential to deliver AUD$3.4 billion value by 2020. Wheat and canola are Australia’s largest cereal and oilseed crops respectively. The research is aimed at developing grain and oilseeds that will provide value add to these two crops.
New varieties of wheat are being developed in partnership with industry (the Grains Research Development Corporation and Limagrain) that have high levels of amylose, a form of resistant starch, and with a low glycaemic index.
  This work has involved the use of RNAi gene silencing techniques to suppress the expression of two starch-branching enzymes. The wheat produced has been field tested and has a significantly altered starch composition, increasing the amount of amylose from around 25% to 70%.  Amylose is a form of starch that is more resistant to digestion in the small intestine, providing the potential for the new wheat to be an important component in foods with a low glycaemic index, and favourable attributes that promote bowel health and also have the potential to reduce the risk of colorectal cancer. These grains, because of their high amylose content, have the potential to also be used in environmentally friendly packaging.

Other work in this theme is directed to developing grains with altered levels of non- starch polysaccharides such as arabinoxylans and (1,3;1,4)-β-glucans and substantiating the health benefits of foods made with these grains. Also, Coeliac friendly cereals are also being researched to address this lifelong immune disease due to dietary gluten.
In oilseed crops research is aimed at developing crops such as canola and cotton with high levels of long-chain omega-3 fatty acids (termed omega-3 LC-PUFAs, where LC denotes ≥C20). The omega-3 fatty acid family is one of the essential fatty acid series required for normal growth and development. The long chain omega-3 LC-PUFA Eicosapentaenoic acid (EPA) and Docosahexaenoic acid (DHA) have been shown to have a range of specific health benefits, for example, positive benefits for cardiovascular disease, optimal brain and eye development. The current main source of omega-3 LC PUFA in our diets is directly from seafood, with nutritional supplements (e.g. fish oil capsules) being an additional source. Currently, plant based omega-3 enriched oils are available from flax and canola.  However, the oils of these seeds contain only the short-chain (C18) precursor fatty acid α-Linolenic acid (ALA) and none of the omega-3 LC-PUFAs EPA and DHA. It is also known that humans have only a limited ability to elongate ALA into EPA and DHA, both of which have a greater biological efficacy compared to ALA. Microalgae have the ability to synthesise EPA (C20) and DHA (C22) The research in the Flagship has assembled a multidisciplinary team to transfer the “aerobic” desaturation pathway from microalgae to higher plants and has demonstrated that higher plants can be produced with DHA in their seeds. 
Nitrogen fertilizer is a major input into global agriculture and is valued in excess of US$50 billion per annum. Depending on agronomic conditions less than fifty percent (50%) of the applied nitrogen is absorbed by the crop. The Flagship is working with the US company Arcadia and the Australian Centre for Plant Functional Genomics to introduce into wheat and barley a nitrogen use efficiency (NUE) gene.  The NUE trait has been successfully demonstrated in field trials in canola to give a fifty (50%) to sixty (60%) percent reduction in nitrogen fertilizer requirements. 
Consumer attitudes to genetically modified traits are also being monitored both in Australia and in target overseas markets in order to assess and appropriately address concerns of consumers.              

Breed engineering:

The goal of this theme is to boost the value of Australia’s animal-based food industries for beef and seafood through the application of breed engineering and leading edge production technologies. The Flagship’s breed engineering research is focussed on two principal areas (1) beef reproductive systems and management and (2) aquaculture breed enhancement.
In beef research, new and modified breeding systems are being developed to increase growth rate, yield and quality of the northern Australian beef herd.  The northern Australian beef herd is largely based on Bos indicus cattle which thrive in tropical northern Australia. However, their meat quality is generally inferior and of a lower grade compared with Bos taurus cattle which are are not well adapted  to the tropical north of Australia. Whilst artificial insemination (AI) may be used to transfer the elite genetics of Bos taurus to Bos indicus cattle, it is not a widely adopted practice because of the expense of AI in this tropical region. Alternative solutions are therefore needed.  The Flagship is exploring the use of testis stem cell transfer technology as a means of converting the majority of the north Australian beef herd into hybrids, combining both high meat quality and performance in tropical conditions.  Donor stem cells from Bos taurus bulls have been successfully transplanted into the testes of recipient Bos indicus bulls and are being tracked using microsatellite markers. In addition to the stem cell research, the Flagship is using genetic markers to define and track variation in muscle quality between elite and average animals.
In aquaculture, the Flagship’s efforts are focussed on  (1) prawns, (2) salmon and (3) abalone.  Both quantitative genetics and use of advanced reproductive technologies, such as gender and ploidy manipulation, are being used to enable the industry to compete globally. In each of these species genes and gene markers are being identified that account for population variation in key traits that underpin the eating quality of the food products.  The black tiger prawn Penaeus monodon has been successfully domesticated in Australia, and in May 2006 the first ever commercial crop (50 tonnes) of black tiger prawns were harvested from parent stock grown, bred and matured in captivity. The harvest yields from the domesticated stocks are double the yields from ponds stocked with the progeny of wild broodstock. This work resulted from collaboration between two industry partners,  Gold Coast Marine Aquaculture and Seafarm and three R&D institutions, CSIRO, the Australian Institute of Marine Science, the Queensland Department of Primary Industries and Fisheries. The work was supported by the Australian Fisheries Research and Development Corporation. Successful domestication of the black tiger prawns will enable the industry in Australia and globally to reduce reliance on unpredictable supplies of wild broodstock.

Australian salmon grown in Tasmania are subject to a parasitic amoeba that attaches to their gills causing amoebic gill disease (AGD).   The current method of treatment for AGD is frequent fresh water bathing to detach the amoeba and this treatment  is a major cost for producers.   In collaboration with the Aquafin and Seafood Cooperative Research Centre, the Fisheries Research and Development Corporation, the University of Tasmania, Huon Aquaculture Company and Salmon Enterprises of Tasmania (Saltas) a vaccine is being developed to boost the immunity of farmed salmon to the infective amoeba.  A DNA-based vaccine has been developed resulting in a forty percent (40%) increase in protection against AGD and the vaccine is currently being tested on-farm. A selective breeding program for natural resistance to AGD is also being undertaken.  Both the vaccine and selective breeding program will have application globally, as AGD has recently evolved from being an issue unique to Australasian salmon production to a global issue.   
Designed Food and Ingredients:

This theme focuses on three major areas: (1) natural plant structured foods and bioactives, (2) concentrated protein structure and design and (3) energy controlled foods. 
A major trend in global food markets is to move towards foods that are minimally processed, convenient and great tasting.  CSIRO researchers are tailoring raw fruit and vegetable ingredients to develop healthier manufactured foods that meet consumer needs. The research involves developing understanding of plant cell tissue microstructure and its modification by conventional and emerging processing technologies, which will enable the preservation of the inherent nutrients and health benefits of fruit and vegetables. High Pressure Processing (HPP) represents an alternative to chemical and thermal modification of components and ingredients and has been used to develop high quality refrigerated or “chilled” foods with extended shelf life. Melons and carrots have been used as model species to investigate the impact of  minimal processing on fruit and vegetable eating quality and nutritional status as well as determining the safety, stability and freshness of the foods.  The research focuses on composition and architecture of plant cell components and how they are related to nutrient bioavailability, textural and sensory properties: process-dependent changes in fruit and vegetable structure and material behaviour including cell wall and food matrix structures to deliver nutrients into the body and enhance bioavailability.

 

Research in bioactive separation  is aimed at increasing the value of agricultural raw materials by optimising usage of waste streams.  Separation technologies are being developed to  recover  bioactive compounds from  both horticultural and animal waste streams.  A pilot scale process has been developed to recover the bioactive dermatan sulphate from effluent streams of bovine processing plants. In vitro assays have demonstrated that dermatan sulphate has anti-inflammatory and antithrombin activity  and  work is being carried out to incorporate these bioactives into foods to further substantiate health benefits. Integrated with this work is research on consumer engagement to determine insights into consumer behaviour, wants and needs particularly associated with addition of plant and animal based bioactives in food.  

New separations technologies are being developed through the separations cluster  with Monash University and Melbourne University,  where for example  HPLC experiments have demonstrated the separation and selectivity for Resveratrol from a mixture of polyphenols. 
 

 In concentrated proteins, the research is aimed at building a set of design rules to allow ingredient and food industries to choose specific proteins for functionality. Specifically, research is being undertaken on the controlled dehydration / rehydration of proteins whilst preserving functionality.  This work is being carried out in collaboration with the University of Queensland and Australian Nuclear Science and Technology Organisation (ANSTO). Material science has been responsible for the recent advances in understanding of food properties, especially glass transition and non-equilibrium states relating to carbohydrates and lipids.  The next frontier is protein.  CSIRO has assembled a world leading team of international and Australian scientists to conduct fundamental research on food proteins, backed by cutting edge analytical capability.  
 

The current obesity epidemic taking place within developed countries is now  considered a major health issue. The energy controlled foods project recognizes the needs of the food industry to develop effective technologies for achieving fat reduction for both commodity and manufactured foods, such as meat, cheese, bakery, snacks and other fat-based foods. The project extends across the whole R&D spectrum, from developing fundamental understanding as to the role of fat in texture and flavour perception, through to the development and utilisation of innovative fat replacement technologies and their incorporation into real food systems. In this way it will be possible to design and deliver food products to the industry with a significant reduction in energy load but with no compromise on quality. The research will also involve the nutritional enhancement of the oil composition, the behaviour of fat-based foods during digestion and the optimization of product quality as part of fat reduction. Work is being carried out in collaboration with the University of Melbourne and Deakin University where research is focussed on the role of fat perception in sensory specific satiety and particularly how detection of fat in emulsion-based foods contributes to subsequent satiety response prior to digestion.

Quality Biosensors:

The Quality Biosensor theme aims to develop a biosensor to measure and optimise flavour throughout the wine-making process (from vineyard to bottle) to meet consumer preferences and thus improve the competitiveness of the Australian wine industry. The importance of flavour and aroma to the consumer is widely recognised. Developing the capabilities to measure flavour and aroma objectively in real time and to use this information to make wine to an aroma specification are recently articulated research priorities for the Australian wine industry.

Objective measurement of aroma and flavour is currently the domain of human sensory science and is elusive and challenging in a production context.  Currently, in winemaking, the instruments used to measure aroma are the noses of grape-growers, winemakers or sensory panels. The human nose combines versatility and performance which is unmatched by any scientific instrument. However, it is neither very reproducible nor quantitative.  Instruments used to supplement the human nose generally conform to one of two approaches.  In the “separate and identify” approach, a mixture of odorants (variously known as a smell, odour, aroma or bouquet) is separated and the molecular characteristics of each component are determined, often by mass spectrometry.  A second approach uses an array of solid-state detectors and is often known as an electronic nose.  Both approaches have their advantages and limitations.  Neither currently approaches the overall performance of a well-trained human nose.  For all instruments, there is a disconnection between the detection of compounds by the instrument and their relevance to human sensory perception. In the case of mass-spectrometry-based approaches, instruments are very sensitive and discriminating but tend to be unsuited to production settings for a number of reasons.  In the case of the current generation of electronic noses, despite the use of a multiplicity of sensor technologies, it continues to be the case that no combination of sensors today available has the selective sensitivity or discriminating power of the human nose.

To address this failing, the Flagship is developing a portable instrument, The Cybernose®, that combines the advantages of a trained human nose with the robustness and quantitative capability of current state of the art analytical instrumentation. The use of biological odorant receptors in place of solid-state detectors is the key technological advance contemplated in the Cybernose®.  The advantages in the performance characteristics of biological sensors are balanced by challenges in building the interface that will enable the activation of biological odorant receptors to be quantified in an instrument.

Although the discovery of human odorant receptors predated the genome sequencing revolution, it was advances in genome sequencing that revealed the full extent of chemical sensors in the living world. Following sequencing of the whole genome of a microscopic worm in 1998, more than 1,000 genes encoding chemical receptor proteins were identified.  Many more animal genomes have now been sequenced and the number of available odorant or taste receptor proteins is increasing every year.  Flagship scientists, in a collaboration with HortResearch New Zealand and the University of Illinois, have recently isolated and expressed odorant receptors from the silkmoth and have identified some that respond to important wine odorants and odour-enhancers such as linalool.

An objective instrument that will quantify flavour and aroma is only half a solution to the needs of the wine industry.  Wine-grape growers and winemakers need information on the changes they can make to their processes to achieve a particular desired flavour and aroma profile.  Winemakers have a reasonably good understanding of the effects of variations in the winemaking process.  Varietal differences are easily perceived but, for a given varietal, defining or manipulating the flavour potential of a grape berry has been more problematic.  There is a general consensus that “good quality” grapes are required to make highly desirable premium wines.  With one or two exceptions, however, it has not been possible to establish clear analytical relationships between grape berries and the flavour and aroma of wine that is made from them.

In partnership with the Australian wine industry, flavour and aroma compounds are being measured in Cabernet Sauvignon and Riesling grapes from commercial vineyards and in wine made from these grapes.  The impacts of viticultural practices, geographical variation, soil type and other parameters on grape and wine flavour are being measured.  This research draws on classical analytical chemistry, chemometrics and descriptive sensory analysis with both expert and trained lay panels.

The Flagship’s research on quality biosensors  will find application in flavour and aroma measurement in a number of other domains, including non-wine beverages, foods and in many other applications such as fragrances, environmental monitoring, security, clinical diagnosis, industrial processes and quarantine / biosecurity. 
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