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Abstract
The health of the population is compromised by poor dietary choices. Resolving this situation will
require a substantial investment at many levels of science, agriculture and food industrialisation. If
such investments are undertaken they will provide the opportunity to change the food marketplace
from a product centric, to a consumer centric, strategy competing to deliver health benefits to
individuals.
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THE NEED: HEALTH VARIATION IN THE POPULATION
The food industry has a unifying goal to deliver to the marketplace safe, convenient,
affordable and delicious food products that provide consumers the means to assemble the
diets that maintain and improve their health. Scientific research has built considerable basic
knowledge that has been instrumental in achieving this goal. Examples of prior success
abound, from the scientific discoveries of the essential nutrients to the engineering of unit
operations that ensure the reliable and controlled lethality of potential food borne pathogens
in food processing lines. This knowledge ensured that the population consumed foods that
provided all of the essential nutrients within a normal diet and was protected from the broad
range of food borne microbial pathogens in the environment. The overall success of the
industrial translation of this science is illustrated by the observation that most of the Western
population is now unaware of, that is, has never seen the phenotypes of diseases caused by
classic deficiency diseases, iodine – goitre, vitamin C – scurvy, vitamin A – blindness, and
rarely experiences food borne illness from the consumption of industrialised foods.

Consistent and sustained efforts by various health organisations at the local, federal and
international levels, working with the food industry and regulatory agencies are addressing
the diseases that are caused by overt, frank deficiencies of essential nutrients in the
developing world (Chakravarty and Sinha 2002). Even in the developed world there remain
instances whereby unusual lifestyles lead to dietary patterns that produce inadequacies of
particular nutrients (Smotkin-Tangorra et al 2007; Aung et al 2006). Nonetheless, these are
rare and usually recognised quickly for what they are, conspicuously unusual and
inappropriate food choices. Again, by the nature of essential nutrients such deficiencies even
if caused by unusual diets can be resolved simply by fortifying with appropriate vitamins
and minerals (Cannell et al 2008).

Over the past several decades, as food choices and the food marketplace continued to change
in response to convenience, affordability, and of course delight, food intakes began to reflect
more and more these food choices based purely on preference (Moskowitz et al 2005).
Consumers reacted very positively to the wide variety of choices and the diversity of
apparent choices increased. Food products and the food marketplace in general have
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experienced a prolonged expansion of diversity. Consumers genuinely have the luxury of
choice of different food products and they embrace this luxury in choosing the foods that
they prefer. Dietary intakes needless to say, have become increasingly dominated by the
composition of those foods that appeal to convenience, affordability and taste and flavour
preference (Sebastian et al 2008).

Through the past three decades, although nutrient deficiencies have not increased, diet-
related diseases have (Alberti 2001). These new health problems though related to diet are
not due to deficiencies but to imbalances in overall macronutrient contents relative to the
lifestyles of those consuming them. Disturbingly, imbalanced diets have apparently become
widespread across the world leading to diseases including atherosclerosis, obesity, diabetes,
hypertension and osteoporosis (Lopez et al 2006). Furthermore, several diseases such as
cancer, inflammatory disorders, neurodegenerative diseases and autoimmunities that while
not believed to be explicitly caused by diet are either accelerated or delayed depending on
dietary choices implying that diet could significantly improve the global burden of these
problems (Locke et al 2005).

HUMAN HEALTH STATUS
Food and nutrition research thus have a new challenge for the 21st century that parallels in
many ways the challenges at the beginning of the 20th century. The devastating and
widespread diseases that were epidemic in the 19th century and were caused by nutrient
deficiencies were resolved during the 20th century by a massive global scientific and
industrial effort extending across the entire agricultural enterprise (Backstrand 2002). The
solutions for health problems caused by imbalanced diets will require a similar investment in
science partnered by all aspects of agriculture and food (Daar et al 2007). A combination of
research knowledge and food applications must continue to provide consumers with diets
that maintain the value systems of safety, quality, stability, convenience and cost. These
values are not sufficient. While we do not yet know what the solutions to the problems of
poor diets and the metabolic diseases that they produce, nonetheless certain elements of the
solution are already clear. Whereas the great successes of essential nutrients were achieved
by viewing humans as a relatively homogeneous population, this will not be true for the next
generation of diet-related diseases. Diets must also ensure that each consumer as an
individual maintains optimal health within the lifestyle that they choose to pursue. This is
the great challenge of diet and health, not to provide a standardised food that fits the mean of
the population, but to provide the means for individuals in the population to achieve their
aspirations for their own personal health. To reach this goal, science will first have to build
and technologies bring to practice an actionable understanding of human health including its
diversity.

Assessing human health
The biological truth is that individual humans differ in their health in many of its aspects as
a result of genetics, life state, life history and all of the external influences that make up an
individual’s environment (Fay and German 2008). Therefore any attempt to successfully
guide individuals towards a health status that supports the lifestyle that they choose for
themselves and prevents the development of diseases associated with that lifestyle will
require supporting diets, lifestyle, even clothing, designed to recognise and address those
differences in health.

First and perhaps foremost, health itself is highly complex and cannot be defined in simple
terms linked solely to disease (Lange et al 2006). For example the complexity of the
interactions between diet and health are being revealed due in no small part to the
catastrophic failures in metabolic regulation and health millions of people are experiencing
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around the world (Popkin 2006). Metabolic health can be loosely defined as the successful
management of energy requirements of a particular lifestyle with appropriate energy
(calorie) intakes, storage and effective mobilisation; energy efficiency, fuel partitioning and
prioritisation. When successful, individuals consume precisely the calories that their lifestyle
requires, store a suitable storage buffer and mobilise this storage according to acute needs.
What would seem simple is clearly not. We are now experiencing a literal global pandemic
of disorders due to failures of ‘simple’ metabolism. However, while metabolic imbalance is
the central theme, ie excess caloric intake, the expression of this imbalance varies widely
across the population. Some experience obesity caused by excessive intake of energy
substrates (fats, carbohydrates or potentially even protein or alcohol) (Popkin 2006), others
suffer type 2 diabetes apparently caused by inappropriate clearance and storage of energetic
intermediates (lipids, carbohydrates) (Wang et al 2008; Schulze et al 2005), some
experience premature atherosclerosis caused by a failure in the transport of energy
intermediates (complex lipids) (Ordovas 2003). Hence, no intervention in metabolic health,
either pharmacological or nutritional can be foreseen to be the same for all consumers.

If individuals should consume diets based on their personal health, how will they know what
their health is? It will be necessary to build technologies based on measuring assessors/
diagnostics that reflect each individual’s health with sufficient accuracy to be actionable.
This fundamental truth is already a well established fact in therapeutics in which
sophisticated technologies have evolved to diagnose individuals for diseases that are a
departure from normal or healthy and to design drugs to treat their specifically diagnosed
diseased state. It will be necessary to develop comparable assessment approaches to diet
dependent health. While this may sound overwhelming, it is not. Scientists are developing
the knowledge, technologies and bioinformatic tools that will be needed (German et al
2005a; Gibney et al 2007; Schoenhagen and Nissen 2006; Lemay et al 2007; Sajda 2006).

Will consumers accept a more personal view of diet and health if it requires a more invasive
assessment system? Humans are for the most part reconciled to routine diagnostics and this
loss of privacy and personal control is accepted because of the fear of undiagnosed and
untreated disease, by demands of medical insurance mandate and the comfort of cradle to
grave familiarity with the process. However, in order for food to succeed with a science
based wellness strategy, customers must first subject themselves to assessment of their basic
health status. There is no obvious precedent for this in the food industry, yet there are
abundant examples from other consumer sectors. Customers are prepared to accommodate
to assessment for other aspects of wellness/quality of life. Examples of such assessment
strategies are size measurements for apparel, weight measurements for safety devices, ability
measures for athletic equipment, skin and hair assessment for cosmetics and optical
calibration for eye glasses. It is now time to take an aggressive approach to define precisely
what is necessary to make individualised health a reality, and then to make it so. Also as in
any other aspect of the consumer marketplace, sophisticated decisions require educated
consumers. Hence education will be a central element to the development of more
personalised health and the success of various solutions as consumer products.

Health assessment as metabolic response to food
Health is a fundamentally difficult concept to define much less to measure. We are confident
that disease is a failure of health and at present most definitions of health simply refer to the
absence of disease (Webster’s unabridged Dictionary 2008). Nonetheless, although science
may not have the tools to measure gradations in personal health, consumers are well aware
of the variations in not only their own health status through their lives but the disparity in
their health relative to their peers and family members. Thus consumers are looking for
various means to improve their own health. A wide range of consumer products and services
address this consumer desire. The pursuit of greater health is most evident in physical
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performance. Exercise equipment, trainers and supplements, apparel and a variety of food
and beverage categories service the consumer who is pursuing exercise as a means to
improve their health. Assessment of the results of exercise is one of the most important
drivers of success. Individuals who choose to exercise use relatively low technology devices
to assess their performance (time to run defined distances, maximum weight lifted,
repetitions of weight raised, heart rate through a defined duration and distance). Though
simple, the feedback that these assessors provide to individuals are a key part of the sense of
accomplishment and the net satisfaction that the exercise process and all of the affiliated
accoutrements are of health value. The principle is established, health is the ability to
respond to environment, from protection from pathogens to desires for performance, just
how far and wide can human health be defined and measured?

The most obvious role of diet in human health is through the provision of metabolic
substrates and fuels (German et al 2005a). Metabolism in humans and animals, within cells
and across tissues is the quantitative interaction of metabolic pathways with acute
physiological demands and the ensemble of metabolites introduced by eating. The varying
‘health’ of individual metabolism is a concept that has attracted scientific research for
decades. The hallmarks of many of clinical medicine’s biomarkers of health are simple
measures of metabolites as direct indicators of metabolic fluxes which in turn are considered
to reflect the overall robustness of metabolism. Blood cholesterol, triglycerides, glucose,
free fatty acids and homocysteine all provide relatively predictive measures of deviations of
individual metabolism from an idealised, ie healthy phenotype (Colhoun 2007). Thus,
metabolism as an accurate reflection of human health is likely to be the next growth phase of
assessment.

Metabolite concentrations are the direct reflection of metabolism. Measurements of
metabolite concentrations, when comprehensive and accurate, reflect the range of
biochemical effects induced by a condition or intervention. Metabolomics is a post-genomic
science that seeks to measure all of the metabolites in a tissue, biofluid or cell (German et al
2005a). Metabolomics as a field has the power to build scientific knowledge of human
metabolism and because measures of metabolites can be taken on an absolute abundance,
measures taken in scientific studies can be immediately translated to direct applications to
health and medicine. The tools of metabolomics are still in the process of development. No
single approach can measure all metabolites at the accuracy necessary. Nonetheless, tools
that are able to accurately measure a subset of metabolites are already being used to identify
the functions of genes, describe the effects of toxicological, pharmaceutical, nutritional and
environmental interventions, and to build integrated databases of metabolite concentrations
across human and research animal populations (Raamsdonk et al 2001; Nicholson and
Wilson, 2004; Gibney et al 2005). When these measures are considered to be a reflection of
the entire metabolite pool, ie metabolomics, data can be used to diagnose or predict disease,
to stratify populations by individual’s specific metabolism, or to determine the safety or
efficacy of a therapeutic intervention (Zeisel et al 2006). Metabolomics can also be used to
directly quantify and assess the consequences of eating. The only additional consideration is
to include measurements of metabolites as a function of time after eating a standardised
meal (ensemble of components).

The idea of assessing post-prandial metabolism has gained acceptance, with the ability of an
individual’s response to a standard glucose challenge to predict insulin sensitivity prior to
the development of metabolic diseases of insulin failure (Haeckel et al 2006). To date, the
use of metabolic measurements for assessing health status has been approached as an
application of single biomarkers designed for diagnosis or prognosis of disease, with the
most obvious example of cholesterol (Grundy 2002). As the tools improve, health itself will
begin to be measured with this same perspective measure individually to act personally.
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Metabolomics is bringing a different approach in measuring metabolism more
comprehensively by increasing the scope of measurements that can now be made with
modern analytical equipment and more biologically by the translation of those methods into
biochemical pathways. Because the products, intermediates and substrates for virtually all
endogenous biochemical pathways are known and the intermediates can be measured by
various analytical platforms, it is now possible to assemble a picture of individual health in
its fuller context. This is already providing advantages for both discovery and clinical work
in disease, but could be equally powerful in developing an understanding of the relations
between metabolism and performance and even extending to the interaction between
metabolism and taste sensation and olfactory preference development (Rezzi et al 2007).

Metabolism will be described comprehensively in breadth and depth and time. Rather than
single metabolites, more comprehensive sets of metabolite measurements are obtained by
multi-parallel analyses. Rather than averaging over large populations or trials, measurements
of the metabolic profile of single individuals become discretely targeted information, and
rather than attempting to identify a key point in time, measurements are taken as a function
of time after various challenges, including diet, to reflect the true dynamics of metabolism.

Changing food composition to accommodate to personal health
The successes of solving diseases caused by deficiencies of essential nutrients required an
understanding principally at the level of individual molecules: vitamins, minerals, fatty acids
and amino acids. That is to say the essentiality of a vitamin was independent of its source
and since everyone needs all the essential nutrients, personalisation was not required in
foods to deliver a unique set of nutrients to only a subset of the population. This luxury of
being able to focus solely on individual molecules will not be true in the future. A more
personalised future will require not only that foods be compositionally defined, but that
composition itself can be customised for particular consumers. Again, this may seem to be a
fond wish for a distant future, but in many respects it is already here. Over the past 50 years
food science has assembled a predictive knowledge of the biomaterials that make up foods
(deCampo et al 2004; McCarthy et al 2006). Driven by the needs to improve safety,
stability, structure, cost and convenience, the modern food toolset is capable of producing
different food products using a wide variety of ingredients (Bruin and Jongen 2003). This
same knowledge and engineering dexterity can be easily applied to formulating the same
food products for enhanced nutritional values to a more diverse and customised consumer
marketplace.

As a simple example, wheat flour has been the traditional functional ingredient core of a
vast array of final dough-based products from breads to pastas and pastries. However,
approximately 2% of the population is now known to be intolerant to gluten protein and for
these consumers such wheat based dough products, though desired are literally toxic (Sakly
et al 2008). For each of these product classes, alternatives to the core functional ingredient
(wheat) have been developed using a variety of commodity protein, carbohydrate, fat and oil
sources that are able to develop the products with no contaminating wheat gluten to those
who value the food products, and yet need a ‘personal’ formulation (Niewinski 2008). These
same principles will be applied across a wide variety of food product classes, formulations
and health targets.

One of the important challenges of providing foods with more personal health propositions
is that some aspects of the variables of foods that impact on diet and health have been
ignored. The structures of complex biomaterials as foods, including the simple
macronutrients protein, fat and carbohydrate, but also nonessential, even indigestible
components, are vital to their effects on health. Science must recognise and build a detailed
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understanding of this extra dimension of food’s effects on health, food structure, and
industry must learn to control it.

The scope of diet and health became much larger when it was recognised that we are not just
feeding ourselves, we also feed our intestinal bacteria and this dimension of health is both
important and personal. From the narrow perspective of viewing diets solely for their ability
to meet the needs for all essential nutrients, the biological activity of our travelling partners,
commensal bacteria are not particularly important. However, as we strive to understand the
complex interactions between diet and overall health, the physiology, metabolism and
population ecologies of the massive microbial populations that co-inhabit our bodies must
be considered and their health fed appropriately as well (Xu et al 2007).

Finally, the status of essential nutrients could be accurately determined in the fasted
condition. This allowed scientists to ignore the multiple aspects of our temporal responses to
foods. The time dependence of foods: when we eat, the effects of food structures on the
delivery of nutrients and the need to coordinate in time our demands for fuels with their
provision, will need to be considered as a critical aspect of the diet – health axis both
scientifically and industrially. Once again, this means that we have to understand the effect
of intestinal dynamics and the role of food structure and composition that adding this
temporal component to the composition of foods will enhance their quality. And, while it
may at first seem to be something that is decades away, providing specific foods with
specific formulations to specific consumers at specific times, is already in practice in for
example athletic facilities around the world (Lacroix et al 2006).

The ultimate success that will follow the personalisation of foods is as much economic as
scientific. The core to the future of human health from a scientific perspective is now
understood to be more personalised diets. Yet the concept of personalised foods is
considered to be disruptive to the food industry’s financial structure. At present, profitability
in the food industry is based on cost reductions achieved through economies of scale in
purchasing, processing and marketing. It would seem transparently obvious that a
personalised approach to foods is impossible within an industrial model based on producing
vast numbers of recognisable (branded) identical food products, marketed and distributed
around the world. However, personalisation of taste, color, texture, convenience and even
safety are already in place in today’s food marketplace. Each adds value and enhances the
brand recognition and loyalty for food producers. Nutrition value is not revolutionary,
though the channels that producers use to ‘find’ the customers and vice versa may indeed
change (Moscowitz et al 2006).

Linking food composition to health assessment
The public health problem of avoiding deficiencies of essential nutrients was resolved by a
massive investment in scientific knowledge, in the chemical analysis of agricultural
commodities and food products for their content of essential nutrients, in a coordinated
system of agricultural management, industrial food processing oversight, food fortification
and enrichment, in ongoing surveillance of the population’s diet and health and in the
development and implementation of dietary guidelines. This investment was needed to
match the various food choices available within an overall diet to adequate intakes of all
essential nutrients. Personalising foods for metabolic health will likely take a similar path
initially. Metabolic health depends on more than just the essential nutrients, therefore food
composition databases will need to be more complete for optimizing personal health. Non-
essential nutrients, secondary plant metabolites, proteins, lipids, saccharides, nucleotides, the
presence and activity of enzymes, the structures of macromolecules and tissues all of which
are recognised to affect the health value of food products will be the information basis for
redesigning foods. Databases are being updated by agencies such as the US Department of

German Page 6

Innovation (North Syd). Author manuscript; available in PMC 2013 August 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Agriculture (USDA) to include more detailed information about each agricultural
commodity (Holden et al 2008). These data will be the palette with which future foods and
diets are designed. The values that particular compositions provide to food product designers
and individual consumers will also dictate in part the evolution of value in agricultural
commodities. Food materials with unusually active components will be more and more
valuable as individuals who can take most health advantage of those components recognise
that these materials are available and provide health properties for their personal health
needs.

Designing foods
The most important driver for health as a discrete value in foods is the appreciation of its
importance to the health of the consuming public. The previous sections described the steps
that are in the process of being put in place to provide consumers with the ability to gain
knowledge of their own health and the value of foods, and other goods and services to
improve it. In such a more educated marketplace populated with consumers armed with self-
knowledge of their health needs, the food industry and its supporting agricultural enterprise
can begin to deliver foods that apply their expertise and skill in food manufacturing to
deliver products that target the health of consumers. The food industry will be propelled to a
new level as a much more knowledge-based enterprise. In many respects, the information
content of the food industry will exceed that of other life science industries. The challenge to
food is more complex than simply providing health.

Providing healthy diets is relatively easy. Scientists have optimised diets for a wide variety
of agricultural models from the lactating dairy cow to the broiler chicken (Guevera 2004;
Tedeschi et al 2000). The problem is, neither cows nor chickens have a choice, people do.
Providing healthy and delicious foods is the real challenge. Foods are an intimate part of
everyone’s daily lives, and for centuries the pleasures of foods have defined much of human
life’s personal delights. During the last generation, immediate, personal choice of foods has
become a major added value of the food marketplace (German et al 2005b). Consumers who
have increasingly been able to choose from a wide range of foods will not wish to abandon
all of the values of taste, flavor, texture, convenience, etc simply for a promise of improved
health, nor should they. Food values are designed by what is termed in Boolean algebra as
the ‘AND’ operator. That is, food values do not exist as this value ‘or’ that value, instead,
food values add incrementally. Foods must be simultaneously safe AND delicious AND
convenient AND affordable. Thus, if foods with greater personal health are to succeed in the
market place, the values of personal health must be added (ANDed) to all of the existing
values of the same or similar foods. Food that is healthy for an individual must also be
delicious. The potential is that individualising for health will be simultaneously personalised
to delicious to that individual. This will mean that foods of the personalised future must be
able to maintain existing extrinsic values while at the same time altering their composition
to match specific intrinsic health goals. Is this possible? Of course, reformulating existing
foods to the metabolic needs of individual consumers is an old idea. In some cases a very,
very old idea.

The food industry has assembled considerable information about the composition, structures
and physical properties of edible agricultural commodities, the biochemistry of these
biological systems and the principles of process engineering of biomaterials necessary to
formulate, assemble and distribute foods. The focus of much of the food industry’s research
and development over the past century has been to manipulate specific food properties or
‘functionalities’ while maintaining flexible control over the basic food compositions. This
trend in research and application has been driven by various factors, including cost, safety,
ingredient availability and, increasingly, health. An example is the value of sweetness.
Sweetness was a major driver of food technology development starting centuries ago with
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the crystallisation of natural sugars (sucrose) from sugar cane, to production of intensely
sweet sugars (fructose) by enzymatic hydrolysis and isomerisation of starches, to the
discovery and chemical synthesis of intensely sweet, non-caloric sweeteners (aspartame).
The latter sweetener has obvious value to diabetics for whom the routine consumption of
sugar can be deleterious to their health. Another example is the shortening properties of
plastic fats. The functionality of ‘shortening’ as an explicit food ingredient began with the
rendering or creaming of animal fats, was broadened industrially with the hydrogenation of
refined vegetable oils and is now being extended agriculturally by selective breeding of
plants to modify the fatty acid composition of seed oils (Flickinger 2007).

Process engineering has also dramatically increased our abilities to manipulate various
ingredient compositions into specific desired physical properties of final foods. Traditional
frozen dairy dessert (ice cream) is one of our most delightful foods. Ice creams were co-
invented at various points in culinary history taking marvelous process advantage by
simultaneously joining cream-based foams with the phase changes of water and fat to form
stabilising crystals. Newer processing technologies take advantage of extrusion and gas
injection to produce frozen foams with widely varying compositions, nevertheless achieving
the similar desired (and delightful) physical properties (Windhab and Wildmoser 2002). An
even more flamboyant example of the ability of food process design to produce a desired
result is that of imitation caviar. Judicious understanding of the gelling properties of proteins
in mixed hydrocolloid suspensions and simple flavoring techniques led to the production of
one of cuisine’s most expensive items using simple, inexpensive raw materials
(Tolstogustov 1986). The number of food products whose organoleptic properties are
achievable with a wide range of final compositions of macromolecules is very wide. All of
these food products illustrate the scientific knowledge that the food industry has amassed to
manipulate food composition widely while achieving product properties that are
recognisable as delightful foods by discerning consumers. This level of understanding of the
chemical and biochemical events that underlie food processing has provided the knowledge
base necessary to begin personalising food that are both simultaneously healthy and
delightful.

EDUCATION
The scientific and technological innovations necessary to achieve a more personalised diet
and health system are being assembled. Yet there is a more critical aspect of such a future
that must be added: education. The public education system has abandoned one of its key
mandates, to educate the public about personal health. The relative state of knowledge of the
population for all issues related to diet and health is nothing short of deplorable. The
fundamental ignorance of the population has two distinct indications. First, uneducated
consumers are unable to make informed decisions about their own health management
including food choices and lifestyle behaviours and as a result a large fraction of the
population is suffering from health problems caused by inappropriate diets. Examples of the
poor decision making include the consumption of significant fractions of daily calories as
sweetened, carbonated beverages, simple sweetened starch confections or deep fried starch
products (Bertéus et al 2005). Simple educational interventions have shown dramatic
improvements in product choices indicating that the problem can be addressed in part by
educational solutions (Matvienko 2007). Second, consumers are unable to recognise sound
relationships between biology and food and as a result much of the public scrutiny over the
agricultural process is being directed in illogical and unsustainable directions. For example
the widespread and growing enthusiasm for raw food and ‘natural’ plant materials as being
unusually and uniquely healthful is fanciful and in many cases nutritionally inadequate
(Hobbs 2005). On a broader scale, the avoidance of process technologies for food safety and
the use of staple agricultural commodities to produce transportation fuels has both
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immediate and long term implications to the health of populations and the sustainability of
agriculture itself.

It is now time to establish a very different kind of health education in the school system
personal health education. Teachers will need to be trained in how to teach health from a
personal and actionable perspective. The curriculum will need to take advantage of various
health assessment technologies to provide the data input to the process. One can imagine
straightforward imaging technologies being instrumental in providing students with the
basic personal health environment and more specific metabolic, physiologic and
immunologic measures being part of the assessment and curriculum development.

CONCLUSION
Food is not only a source of nutrients, but also the chemicals and structures that provide the
substrates, fuels and intestinal dynamics that guide our metabolic health. The disturbing
increase in diet-related diseases in the world-wide human population attests to the failure of
modern diets to deliver enhanced health to the entire population. The rise in diet dependent
diseases is also testament to the inability of all humans to match food choices to their overall
nutritional needs in all environments and lifestyles. The diversity of human genetics and
lifestyles implies that the same diets will not fit all individuals equally well. Some degree of
personalisation of foods and diets would seem to be inevitable, much as much of our lives
are being enriched by personalised consumer goods from shoes to automobiles. Yet each of
these product classes requires knowledge of the performance needs of the consumer and
knowledge of the product performance attributes by the producer. Foods will not be
different. Consumers desperately need to take charge of their education of personal health.
As they do, the food industry must be in a position to deliver individual health values to
them.

References
Alberti G. Noncommunicable diseases: tomorrow’s pandemics. Bulletin of the World Health

Organsisation. 2001; 79:907.

Aung K, Burnett J, Smith SM, Dyer CB. Vitamin D deficiency associated with self-neglect in the
elderly. Journal of Elderly Abuse and Neglect. 2006; 18:63–78.

Backstrand JR. The history and future of food fortification in the United States: a public health
perspective. Nutrition Reviews. 2002; 60:15–26. [PubMed: 11842999]

Bateson P, Barker D, Clutton-Brock T, Deb D, D’Udine B, Foley RA, Gluckman P, Godfrey K,
Kirkwood T, Lahr MM, McNamara J, Metcalfe NB, Monaghan P, Spencer HG, Sultan SE.
Developmental plasticity and human health. Nature. 2004; 430:419–421. [PubMed: 15269759]

Bertéus Forslund H, Torgerson JS, Sjööströöm L, Lindroos AK. Snacking frequency in relation to
energy intake and food choices in obese men and women compared to a reference population.
International Journal of Obesity (London). 2005; 29:711–719.

Bruin S, Jongen THRG. Food process engineering: the last 25 years and the challenges ahead. Critical
Reviews of Food Science and Food Safety. 2003; 2:42–81.

Cannell JJ, Hollis BW, Zasloff M, Heaney RP. Diagnosis and treatment of vitamin D deficiency.
Expert Opinions in Pharmacotherapy. 2008; 9:107–118.

Catchpole GS, Beckmann M, Enot DP, Mondhe M, Zywicki B, Taylor J, Hardy N, Smith A, King RD,
Kell DB, Fiehn O, Draper J. Hierarchical metabolomics demonstrates substantial compositional
similarity between genetically modified and conventional potato crops. Proceedings of the National
Academy of Sciences (USA). 2005; 102:14458–14462.

Chakravarty I, Sinha RK. Prevalence of micronutrient deficiency based on results obtained from the
national pilot program on control of micronutrient malnutrition. Nutrition Review. 2002; 60:S53–
S58.

German Page 9

Innovation (North Syd). Author manuscript; available in PMC 2013 August 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Clydesdale FM. A proposal for the establishment of scientific criteria for health claims for functional
foods. Nutrition Review. 1997; 55:413–422.

Clydesdale F. IFT Expert Panel Report on Functional Foods: Opportunities and challenges. Food
Technology. 2004; 58:35–40.

Colhoun HM. Lipid goals in metabolic syndrome and diabetes. Current Atherosclerosis Reports. 2007;
9:286–295. [PubMed: 18173956]

Collins FS, Green ED, Guttmacher AE, Guyer MS. US National Human Genome Research Institute. A
vision for the future of genomics research. Nature. 2003; 422:835–847. [PubMed: 12695777]

Daar AS, Singer PA, Persad DL, et al. Grand challenges in chronic non-communicable disease.
Nature. 2007; 450:494–495. [PubMed: 18033288]

de Campo L, Yaghmur A, Sagalowicz L, Leser ME, Watzke H, Glatter O. Reversible phase transitions
in emulsified nanostructured lipid systems. Langmuir. 2004; 20:5254–5261. [PubMed: 15986660]

Delmer DP. Agriculture in the developing world: Connecting innovations in plant research to
downstream applications. Proceedings of the National Academy of Sciences (USA). 2005;
102:15739–15746.

European Plant Science Organization. European plant science: a field of opportunities. Journal of
Experimental Botany. 2005; 56:1699–1709. [PubMed: 15939733]

Fay LB, German JB. Personalising foods: Is genotype necessary? Current Opinions in Biotechnology.
2008 Apr 3. [Epub ahead of print].

Flickinger BD. Utilizing biotechnology in producing fats and oils with various nutritional properties.
Journal AOAC International. 2007; 90:1465–1469.

German JB, Schanbacher FL, Löönnerdal B, Medrano J, McGuire M, McManaman JL, Rocke DM,
Smith TP, Neville MC, Donnelly P, Lange MC, Ward RE. International milk genomics
consortium. Trends in Food Science Technology. 2006; 17:656–661.

German JB, Hammock BD, Watkins SM. Metabolomics: Building on a century of biochemistry to
guide human health. Metabolomics. 2005a; 1:3–8. [PubMed: 16680201]

German JB, Yeretzian C, Watzke HJ. Personalising foods for health and preference. Food Technology.
2005b; 58:26–31.

Gibney MJ, Walsh M, Brennan L, Roche HM, German B, van Ommen B. Metabolomics in human
nutrition: opportunities and challenges. American Journal of Clinical Nutrition. 2005; 82:497–503.
[PubMed: 16155259]

Gould GW. Preservation: Past, present and future. British Medical Bulletin. 2000; 56:84–96.
[PubMed: 10885107]

Grigorov MG. Global properties of biological networks. Drug Discovery Today. 2005; 10:365–372.
[PubMed: 15749285]

Grundy SM. National Cholesterol Education Program (NCEP) – The National Cholesterol Guidelines
in 2001, Adult Treatment Panel (ATP) III. Approach to lipoprotein management in 2001 National
Cholesterol Guidelines. American Journal of Cardiology. 2002; 90:11i–921i.

Guevera VR. Use of nonlinear programming to optimize performance response to energy density in
broiler feed formulation. Poultry Science. 2004; 83:147–151.

Haeckel R, Raber R, Wosniok W. Comparability of indices for insulin resistance and insulin secretion
determined during oral glucose tolerance tests. Clinical Chemistry and Laboratory Medicine.
2006; 44:817–823. [PubMed: 16776626]

Hobbs SH. Attitudes, practices, and beliefs of individuals consuming a raw foods diet. Explore (NY).
2005; 1:272–277. [PubMed: 16781548]

Holden JM, Lemar LE, Exler J. Vitamin D in foods: development of the US Department of Agriculture
database. American Journal of Clinical Nutrition. 2008; 87:1092S–1096S. [PubMed: 18400740]

Krauss RM. Dietary and genetic effects on low-density lipoprotein heterogeneity. Annual Reviews of
Nutrition. 2001; 21:283–295.

Lacroix M, Bos C, Lééonil J, Airinei G, Luengo C, Daréé S, Benamouzig R, Fouillet H, Fauquant J,
Toméé D, Gaudichon C. Compared with casein or total milk protein, digestion of milk soluble
proteins is too rapid to sustain the anabolic postprandial amino acid requirement. American
Journal of Clinical Nutrition. 84:1070–1079. [PubMed: 17093159]

German Page 10

Innovation (North Syd). Author manuscript; available in PMC 2013 August 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Lai CQ, Tai ES, Tan CE, Cutter J, Chew SK, Zhu YP, Adiconis X, Ordovas JM. The apolipoprotein
A5 locus is a strong determinant of plasma triglyceride concentrations across ethnic groups in
Singapore. Journal of Lipid Research. 2003; 44:2365–2373. [PubMed: 12951359]

Lange MC, Lemay DA, German JB. Multi-ontology framework to guide agriculture and food toward
diet and health. Journal of Science, Food, Agriculture. 2007; 87:1427–1434.

Lemay DG, Zivkovic AM, German JB. Building the bridges to bioinformatics in nutrition research.
American Journal of Clinical Nutrition. 2007; 86:1261–1269. [PubMed: 17991634]

Leser ME, Sagalowicz L, Michel M, Watzke HJ. Self-assembly of polar food lipids. Advances in
Colloid Interface Science. 2006; 123–126:125–136.

Lock K, Pomerleau J, Causer L, Altmann DR, McKee M. The global burden of disease attributable to
low consumption of fruit and vegetables: Implications for the global strategy on diet. Bulletin of
the World Health Organization. 2005

Lopez, AD.; Mathers, CD.; Ezzati, M.; Jamison, DT.; Murray, CJL., editors. Global Burden of Disease
and Risk Factors. London: Oxford University Press; 2006.

Martinez JA, Corbalan MS, Sanchez-Villegas A, Forga L, Marti A, Martinez-Gonzalez MA. Obesity
risk is associated with carbohydrate intake in women carrying the Gln27Glu beta2-adrenoceptor
polymorphism. Journal of Nutrition. 2003; 133:2549–2554. [PubMed: 12888635]

Matvienko O. Impact of a nutrition education curriculum on snack choices of children ages six and
seven years. Journal of Nutrition, Education and Behaviour. 2007; 39:281–285.

McCarthy FM, Wang N, Magee GB, Nanduri B, Lawrence ML, Camon EB, Barrell DG, Hill DP,
Dolan ME, Williams WP, Luthe DS, Bridges SM, Burgess SC. AgBase: A functional genomics
resource for agriculture. BMC Genomics. 2006; 7:229. [PubMed: 16961921]

Mero N, Suurinkeroinen L, Syvanne M, Knudsen P, Yki-Jarvinen H, Taskinen MR. Delayed clearance
of postprandial large TG-rich particles in normolipidemic carriers of LPL Asn291Ser gene variant.
Journal of Lipid Research. 1999; 40:1663–1670. [PubMed: 10484613]

Miller W, Makova KD, Nekrutenko A, Hardison RC. Comparative genomics. Annual Review of
Genomics and Human Genetics. 2004; 5:15–56.

Morris RM. Environmental genomics: exploring ecological sequence space. Current Biology. 2006;
6:R499–R501. [PubMed: 16824909]

Moskowitz HR, German JB, Saguy IS. Unveiling health attitudes and creating good-for-you foods: the
genomics metaphor, consumer innovative web-based technologies. Critical Reviews of Foods
Science and Nutrition. 2005; 45:165–191.

Nicholson JK, Wilson ID. Opinion: understanding ‘global’ systems biology: metabonomics and the
continuum of metabolism. National Review of Drug Discovery. 2003; 2:668–676.

Niewinski MM. Advances in celiac disease and gluten-free diet. Journal of the American Dietetic
Association. 2008; 108:661–672. [PubMed: 18375224]

Ordovas JM. Cardiovascular disease genetics: a long and winding road. Current Opinions in
Lipidology. 2003; 14:47–54.

Ostos MA, Lopez-Miranda J, Ordovas JM, Marin C, Blanco A, Castro P, Lopez-Segura F, Jimenez-
Pereperez J, Perez-Jimenez FJ. Dietary fat clearance is modulated by genetic variation in
apolipoprotein A-IV gene locus. Journal of Lipid Research. 1998; 39:2493–2500. [PubMed:
9831639]

Petrovici DA, Ritson C. Factors influencing consumer dietary health preventative behaviours. BMC
Public Health. 2006; 6:222. [PubMed: 16948839]

Pharkya P, Burgard AP, Maranas CD. OptStrain: a computational framework for redesign of microbial
production systems. Genome Research. 2004; 14:2367–2376. [PubMed: 15520298]

Plosch T, Kosters A, Groen AK, Kuipers F. The ABC of hepatic and intestinal cholesterol transport.
Handbook of Experimental Pharmacology. 2005; 170:465–482. [PubMed: 16596811]

Popkin BM. Global nutrition dynamics: The world is shifting rapidly toward a diet linked with
noncommunicable diseases. American Journal of Clinical Nutrition. 2006; 84:289–298. [PubMed:
16895874]

Quam L, Smith R, Yach D. Rising to the global challenge of the chronic disease epidemic. Lancet.
2006; 368:1221–1223. [PubMed: 17027712]

German Page 11

Innovation (North Syd). Author manuscript; available in PMC 2013 August 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Raamsdonk LM, Teusink B, Broadhurst D, Zhang N, Hayes A, Walsh MC, Berden JA, Brindle KM,
Kell DB, Rowland JJ, Westerhoff HV, van Dam K, Oliver SG. A functional genomics strategy that
uses metabolome data to reveal the phenotype of silent mutations. Nature Biotechnology. 2001;
19:45–50.

Rantala M, Rantala TT, Savolainen MJ, Friedlander Y, Kesaniemi YA. Apolipoprotein B gene
polymorphisms and serum lipids: meta-analysis of the role of genetic variation in responsiveness
to diet. American Journal of Clinical Nutrition. 2000; 71:713–724. [PubMed: 10702164]

Rezzi S, Ramadan Z, Martin FP, Fay LB, van Bladeren P, Lindon JC, Nicholson JK, Kochhar S.
Human metabolic phenotypes link directly to specific dietary preferences in healthy individuals.
Journal of Proteome Research. 2007; 6:4469–4477. [PubMed: 17929959]

Sagalowicz L, Leser ME, Watzke HJ, Michel M. Monoglyceride self-assembly structures as delivery
vehicles. Trends in Food Science Technology. 2006; 17:204–214.

Sajda P. Machine learning for detection and diagnosis of disease. Annual Review of Biomedical
Engineering. 2006; 8:537–565.

Sakly W, Thomas V, Quash G, El Alaoui S. A role for tissue transglutaminase in α-gliadin peptide
cytotoxicity. Clinical & Experimental Immunology. 2006; 146:550–558. [PubMed: 17100777]

Schmitz G, Langmann T. Pharmacogenomics of cholesterol-lowering therapy. Vascular
Pharmacology. 2006; 44:75–89. [PubMed: 16337220]

Schoenhagen P, Nissen SE. Identification of the metabolic syndrome and imaging of subclinical
coronary artery disease: early markers of cardiovascular risk. Journal of Cardiovascular Nursing.
2006; 21:291–297. [PubMed: 16823283]

Schulze MB, Hoffmann K, Manson JE, Willett WC, Meigs JB, Weikert C, Heidemann C, Colditz GA,
Hu FB. Dietary pattern, inflammation, and incidence of type 2 diabetes in women. American
Journal of Clinical Nutrition. 2005; 82:675–684. [PubMed: 16155283]

Sebastian RS, Cleveland LE, Goldman JD. Effect of snacking frequency on adolescents’ dietary
intakes and meeting national recommendations. Journal of Adolescent Health. 2008; 42:503–511.
[PubMed: 18407046]

Sloane EA. Top ten functional food trends. Food Technology. 2006; 60:33.

Smotkin-Tangorra M, Purushothaman R, Gupta A, Nejati G, Anhalt H, Ten S. Prevalence of vitamin D
insufficiency in obese children and adolescents. Journal of Pediatric Endocrinology and
Metabolism. 2007; 20:817–823. [PubMed: 17849744]

Tedeschi LO, Fox DG, Chase LE, Wang SJ. Whole-herd optimization with the Cornell Net
Carbohydrate and Protein System. I. Predicting feed biological values for diet optimization with
linear programming. Journal of Dairy Science. 2000; 83:2139–2148. [PubMed: 11003249]

Tolstoguzov, V. Functional properties of protein-polysaccharide mixtures, in Functional Properties of
Food Marcomolecules. Mitchell, JR.; Ledward, DA., editors. London, UK: Elsevier Applied
Science; 1986. p. 385-415.

Wang MY, Grayburn P, Chen S, Ravazzola M, Orci L, Unger RH. Adipogenic capacity and the
susceptibility to type 2 diabetes and metabolic syndrome. Proceedings of the National Academy of
Sciences (USA). 2008 Apr 14.

Ward RE, Watzke HJ, Jiméénez-Flores R, German JB. Bioguided processing: A paradigm change in
food production. Food Technology. 2004; 58:44–48.

Whetstine JR, Witt TL, Matherly LH. The human reduced folate carrier gene is regulated by the AP2
and sp1 transcription factor families and a functional 61-base pair polymorphis. Journal of
Biological Chemistry. 2002; 277:43873–43880. [PubMed: 12228234]

Windhab EJ, Wildmoser H. Extrusion: A novel technology for the manufacture of ice cream. Bulletin
of the IDF. 2002; 374:43–49.

Womack JE. Advances in livestock genomics: opening the barn door. Genome Research. 2005;
15:1699–1705. [PubMed: 16339368]

Xu J, Mahowald MA, Ley RE, Lozupone CA, Hamady M, Martens EC, Henrissat B, Coutinho PM,
Minx P, Latreille P, Cordum H, Van Brunt A, Kim K, Fulton RS, Fulton LA, Clifton SW, Wilson
RK, Knight RD, Gordon JI. Evolution of symbiotic bacteria in the distal human intestine. PLoS
Biology. 2007; 5:e156. [PubMed: 17579514]

German Page 12

Innovation (North Syd). Author manuscript; available in PMC 2013 August 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Zeisel SH, Freake HC, Bauman DE, Bier DM, Burrin DG, German JB, Klein S, Marquis GS, Milner
JA, Pelto GH, Rasmussen KM. The nutritional phenotype in the age of metabolomics. Journal of
Nutrition. 2005; 135:1613–1616. [PubMed: 15987837]

German Page 13

Innovation (North Syd). Author manuscript; available in PMC 2013 August 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


