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The future of yogurt: scientific and regulatory needs1–4

J Bruce German

ABSTRACT
Lactation biology, microbial selection, and human diversity are cen-
tral themes that could guide investment in scientific research, indus-
trial innovation, and regulatory policy oversight to propel yogurt
into the central role for health-promoting food products. The ability
of yogurt to provide the nourishing properties of milk together
with the live microorganisms from fermentation provides a unique
combination of food assets. Academic research must now define the
various targets on which these biological assets act to improve health
and develop the metrics that can quantitatively document their ben-
efits. The food industry must reconcile that yogurt and its microor-
ganisms cannot be expected to provide measurable benefits for all
consumers, at all doses, and at all times. A supportive regulatory oversight
must demand safety and yet encourage innovations that support a value
proposition for yogurt in health. Health valuation in the marketplace
will be driven by parallel innovations, including accurate assessment
technologies, validated microbial ingredients, and health-aware
consumers. Am J Clin Nutr 2014;99(suppl):1271S–8S.

INTRODUCTION

Yogurt is perhaps the most complex and biologically active
of all foods in the marketplace. Its assets, costs, and values are
all linked to its biological nature. The science to understand its
potential benefits and the regulatory policies to ensure its
safety must recognize the complex biology underlying what is,
on first glance, simple yogurt. Yogurt is the combination of 3
factors: milk, the product of hundreds of millions of years of
lactation evolution; industrial bacteria, the result of centuries
of human selection of microbial cultures; and finally, con-
sumers, including the reality of human variation and the need to
address the breadth of our diversity. Understanding all 3 is
necessary to fully appreciating the potential value of yogurt in
the future.

MILK AND LACTATION

Lactation is at the core of mammalian success. The emer-
gence of Mammalia w200 million y ago brought a remarkable
aspect of reproductive strategy of mothers: to feed infants with
the secretions of an epithelial gland tissue network (1).
Through the ensuing millennia, selective pressure drew re-
markable constituents into this increasingly complex nourish-
ment system. Milk is ostensibly encoded by the lactation
genetic elements (2). This subset of the mammalian genome
has been under selective pressure by maternal and infant sur-
vival and their long-term reproductive success. Therefore, se-
lective pressure through mammalian evolution was relentless

on the balance of the beneficial attributes of milk and their cost
(3, 4). Everything in milk costs the mother, putting her survival at
a selective disadvantage. Hence, if a constituent in milk does not
result in value for the infant, it is at strong negative pressure be-
cause of its cost to the mother. However, if any element of milk
provides a nutritional, protective, or developmental advantage to
the infant, it is difficult to imagine a more positive selective
pressure on a genetic trait. At its core, yogurt is a milk-delivery
system for noninfants.

MICROBIAL CULTURE

Microorganisms are an integral part of our food supply, both
directly and indirectly. Although much academic research, in-
dustrial technologies, and regulatory surveillance have been
designed to eliminate microorganisms from food, this view is now
changing. Microorganisms are increasingly viewed as valuable
assets in the bioprocessing of commodities, with their own con-
tributions of metabolites, structures, and bioactive components (5).
Yogurt is a model of such assets. The future of food processing will
include more “biological” innovations as microorganisms become
controllable. In truth, microorganisms have participated through-
out history as important modifiers of the safety, nutritional value,
and flavor of a select group of high-value foods. Microorganisms
provide hydrolytic enzymes to degrade plant components (phy-
tate). Microorganisms release metabolites (ethanol and lactic
acid). Finally, microorganisms release biopolymers that act on
other organisms as signals. These biopolymers range from endo-
toxins that act on the host to quorum-sensing factors that act on the
microorganisms in the lumen. In traditional yogurt, the mixed-
culture system of Lactobacillus and Streptococcus (6) delivers a
remarkable combination of enzymes and metabolites that enhance
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safety, nourishment, taste, and flavor. The future of food fermen-
tation in its broadest biotechnology perspectives can learn valuable
lessons from this traditional artisan system.

The most innovative and scientifically challenging new di-
mension of nutrition and diet research is the intimate relation
between humans and microorganisms. All sciences related to
food are similarly realizing the importance of microorganisms as
constituents in and on our foods, as biotechnology partners in and
on our processing technologies, and as ecological partners in and
on—us. New tools and models are revealing an astonishing
importance to the diversity of microbes inhabiting specific
ecological sites throughout humans (7–11). This research also
shows just how much we “pay attention” to them. The micro-
biota, the diverse populations of microorganisms in and on hu-
mans, affects the following:

� the development of the response and regulation of immu-
nity from barrier composition to integrity and acquired im-
munity from protection to allergy;

� metabolic regulation, from fuel scavenging to whole-body
tissue prioritization;

� physiologic processes such as acute blood flow regulation;
and

� neurologic processes from infant development to adult
regulation.

The disciplines of nutrition and food science are wrestling
with the following questions: what components of the bacteria
are we sensing to influence our health and how are foods
influencing the “health” of the microbial ecosystems within us?
Yogurt is the food that today most relates to that relation.

HUMAN DIVERSITY

Food and nutrition are still struggling with a fundamental
truth: humans are not the same. Although sex, age, and lifestyle
differences have always been recognized as demanding dietary
diversity, more subtle differences are now emerging for which
solutions must be found. These differences include essential
nutrients, but they do not stop there. Lactation and milk provide
innovative solutions to mammalian diversity. The first nutri-
tional priority of milk is the provision of all essential nutrients
at the minimum level for infant growth and development.
Because these same nutrients are as essential to the mother as to
the infant, providing essential nutrients in milk comes at
a potentially devastating cost to the mother. Hence, milk de-
livers essential nutrients in bioavailable forms (12, 13). The
value of yogurt differs between adults. For example, the elderly
are at risk of nutrient deficiencies resulting from low caloric
intakes and poor nutrient absorption. Certain genetic poly-
morphisms are associated with poor uptake of nutrients, in-
cluding folate (MTHFR; 14). Food components can slow
nutrient absorption (eg, iron; 15–17). Digestion differs be-
tween humans, notably the digestion of lactose. The vast
majority of the human population is lactose intolerant after
infancy. Genetic polymorphisms in the lactase gene regulatory
regions emerged with dairying as an agricultural practice (18).
The presence of this endogenous genetic lactose “tolerance” in
adults presumably provided selective advantages to those who
had this attribute (19). Yogurt provides this enzymatic activity
with external microorganisms.

YOGURT: PAST, PRESENT, AND FUTURE

Past success

In its history, yogurt has been a unique product combining
valuable elements of lactation, microbial culture, and human
diversity. Yogurt delivered the nutritional elements of milk, es-
sential nutrients in highly absorbable forms, bioactive proteins,
and lipids. The safety and stability of yogurt as a dairy product
were enhanced by the culture by lactic acid bacteria, lowering the
pH and producing significant quantities of lactic acid. Finally,
because yogurt reduces the lactose amount and provides active
bacteria with the lactase enzyme, this rendered it a dairy product
for humans who were lactose intolerant.

Present reality

The current role of yogurt in the diet is one of the more
successful and yet contentious issues in the entire food mar-
ketplace. Yogurt enjoys considerable market share in the overall
diet of many parts of the world and yet consumers have little
understanding of its value to their health. Even the core assets of
yogurt are not universally accepted in the regulatory arena or
understood by consumers. The value propositions of yogurt have
been altered significantly in the context of the regulatory judg-
ments of recent actions of the European Food Safety Authority
and the US Food and Drug Administration. These 2 agencies have
been working to establish consensus language to guide scientific
research to substantiate health claims for foods (20, 21). The path
is complex, and yet certain themes are instructive. Most examples
of successful development of scientific evidence that has reached
regulatory approval have relied on simple nutrient status (calcium
and bone) or have use well-established biomarkers of accepted
metabolic relations to long-term disease (cholesterol and heart
disease). Yogurt, with its role of delivering live bacteria, does not
fall within either of these simple categories. It is therefore not
surprising that there is not yet any scientific consensus on the
benefits of yogurt and the presence/abundance of live bacteria
beyond its traditional role of providing essential nutrients in
a dairy product to those with lactose intolerance (22). Thus,
despite considerable evidence that yogurt as a food product is
beneficial to health, its scientific evidence portfolio, regulatory
position, and consumer perception remain underappreciated. This
current situation does, however, provide the opportunity for
a bright future, if investments are applied.

Future promise of yogurt

Yogurt has the potential to be the vital player in the spectrum of
food products that provide a wide range of health benefits to
individuals through specific influence on their intestinal micro-
biota. To reach this potential, however, important strides in both
scientific understanding and regulatory oversight must be made.
The scientific understanding of the intestinal microbiota is still
being assembled. For yogurt, how much of the intestinal
microbiota and its influence on whole-body health are alterable
by diet. For regulatory oversight, the scientific, industrial, and
regulatory communities must agree on quantifiable measures of
those microbiota-dependent health properties. Within such
a context, companies can then show with these metrics that these
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health properties have been significantly improved by their di-
etary interventions.

Industry must invest in the development of yogurt’s potential.
Industrial processes and products will need to become more
transparent and their expectations for claimable health benefits
more clearly defined. Industry will also need to participate in the
development, validation, and implementation of technologies
that accurately measure yogurt products and their quality, safety,
and efficacy. It would be most efficient if the science and its
regulatory applications were pursued in parallel.

THE INTESTINE AND ITS COMPLEX MICROBIOTA

The mucosal surfaces of humans are teeming with micro-
organisms. The intestinal mucosa and the intestinal contents of
each human host a large reservoir of microorganisms that are
now described as relatively constant as an ecosystem despite
the continuous passage of diverse bacteria from the diet (8).
Whereas “resilience” of the ecosystem is a relative term, the
numbers (w100 trillion) and the complexity of each individual’s
microbiota are dauntingly complex. Variation among humans
exists in every aspect measured: age, geography, etc (23).
Despite the complexity and diversity, the gut microbiota pop-
ulation and the human host are apparently working in a mutu-
alistic way to maintain the microbiota as a coherent system
(24), if not numerically, at least functionally (25). These efforts
at maintaining functions, presumably the result of billions of

years of mutualistic coevolution, underlie and at least instruct
a broad range of human immunologic (26), metabolic (27),
physiologic (25), even neurologic processes (28). When these
systems falter, both acute and chronic disease results. The
science of how to and why guide our microbiota will drive
a next generation of foods.

RESEARCH TARGETS AND KNOWLEDGE MANAGEMENT
NEEDED FOR YOGURT

The basic information needed from scientific research and its
translation from agriculture to yogurt to personal health is shown
in Figure 1. The scientific tools to build the data are largely in
place. It is now possible to direct these tools to yogurt. The
translation of the knowledge will require new ingredients, prod-
ucts, and processes, and technologies to measure and document
them. Research scientists, regulatory agencies, and industrial
partners will need to work together to ensure that their respective
goals and methods are aligned. Such coordination will be facili-
tated by developing bioinformatics tools to merge the disparate
data sets—for example, of microbial genomes, milk components,
and human microbiota functions—into a more comprehensive
and annotated knowledge of the relations between the input
variables of yogurt (bacteria and milk) and their consequences in
different humans.

The success of this research and development agenda will
depend on close collaboration and appropriate commitment in

FIGURE 1. The knowledge flows needed to understand the benefits of yogurt and to deliver them to appropriate consumers.
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time and resources by all 3 vested sectors: academic research,
regulatory agencies, and industrial partners. The challenge is that
these 3 sectors have very different goals for research (Table 1).
Academic scholars need projects that provide long-term compet-
itive funding. For industry, the key is to identify investable values
emerging from research. For regulatory policy, transparency in
protecting public safety is the priority. Academic research will
generate peer-reviewed publications, yet the knowledge must also
lead to products, markers, and devices. Regulatory bodies need to
participate actively in building consensus, standardization, and

validation of quality and safety metrics and diagnostic markers of
efficacy. Industry has the opportunity to move beyond simple food
product development and participate in the commercialization of
technologies to document health efficacy. The interactions and
knowledge flows between partners are shown in Figure 2. Im-
portantly, both research and practice are working on similar
overall goals; they are not necessarily using identical materials and
tools and thus they need to communicate, translate from one do-
main to another, and ensure that outcomes are measurable.

INGREDIENTS

The core ingredients of yogurt sound deceptively simple:
milk and bacteria. The diversity of both is a challenge and an
opportunity.

Milk

Milk is not necessarily a uniform commodity ingredient for
yogurt. The basic composition of milk differs according to
multiple variables, including the animal’s breed (29, 30) and diet
(31), milking style (32), and the animal’s rumen (33). Although
processing has emphasized uniformity, milk research now has
the tools available to build a more detailed understanding of the
components of milk and to alter their concentrations. For ex-
ample, milk proteins are not only sources of amino acids for
nutrition. Research shows the sequence and structural com-
plexity of milk proteins (34). Milk proteins are, in part, strings
of encrypted peptides, the activity of which is released on se-
lective proteolytic digestion. The first generation of research
suggests that these peptides have unique biological activities,
many of which could be released before yogurt consumption
(35). Similar complex structures and functions are being

TABLE 1

Summary of research and translation targets for yogurt

Academic Industrial Regulatory

Ingredients

Milk Analytic method development Method deployment Method validation and international

standardization of methodologies for

composition and quality

Compositional analysis and

annotation

Compositional analysis

of ingredients

Bacteria Genomic sequencing and

annotation

Strain-specific documentation Establish standard nomenclatures for

quantity, bioviability, and strain

specificity of bacteriaMicrobial ecology

Strain annotation

Processes

Unit operations and

fermentation

Quantitative understanding

of effects of temperature,

pressure, homogenization,

and shear on milk and bacteria

Support for and partnering

with academic institutions

for pilot scale production

Validation of new technologies for

quality and safety

Coherent, transparent regulations for

standard of identity and labeling

Health outcomes Discovery of targets

of health as function

and performance

Diversify products for

different consumers

and diverse endpoints.

Visible criteria for regulatory approval

Construct publicly accessible

databases of product

compositions

Validation of intermediate endpoints

of health

Support for standards of health measures

Regulatory policy oversight for health

assessment

FIGURE 2. The distinct databases of research and practice for health
improvements by yogurt as a food product.
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recognized for the lipids, oligosaccharides, and various small
molecules in milk (36).

The future of yogurt will depend not only on building a more
detailed knowledge of milk’s structures and functions but also on
understanding the diverse structures that can be released during
production. Such a future will be accelerated by an accessible,
annotated database of milk components. Regulatory scrutiny of
the marketplace will also require that industries deploy the an-
alytic toolsets capable of documenting the presence of bioactive
components in the raw material ingredients and final products.

Bacteria

Bacteria used to produce traditional yogurt are increasingly
well described, their growth properties defined, and entire ge-
nomes sequenced (6, 37). Annotating the yogurt bacterial ge-
nomes for flavor, structure, and stability traits is an important goal
for yogurt product quality. With the growing recognition that
yogurt provides a viable delivery system for probiotics, a broader
range of the Lactobacillus bacteria are being explored for their
ability to enhance the health properties and value of yogurt (38).
The first comprehensive genome-sequencing project for the
lactobacilli established a strategy for the entire field (39). Since
this visionary start, research has been competitive and compre-
hensive approaches have not emerged to build a unified and
consensus knowledge set of the yogurt bacteria. Nonetheless,
scientific progress has been impressive, with increasingly de-
tailed genomic knowledge of the diversity of microorganisms
available to milk and cultured dairy products and of their
functional differences (40). New technologies such as pan-
genomic sequencing and detailing gene by gene, functional trait
by functional trait, and metabolite by metabolite differences in
strain functionalities represent a model for building the future
knowledge base of yogurt.

The informatics tools for managing comprehensive sets of
bacteria in mixed cultures, their interactions with milk as
a matrix, the components produced from milk and microbial
metabolites in the ingredient streams for yogurt, and the
precise health metrics after their consumption are not yet in
place and will need to be developed. On the positive side, this
means that experimental designs and methods, marker vali-
dation, and informatics tools can be placed simultaneously into
a coherent systems approach for yogurt innovations and val-
idations (41).

PROCESSES

Yogurt processing is integral to the final product quality, safety,
and health efficacy. Recent successes in expanding the diversity
of yogurt processing and composition, notably “Greek style”
yogurt, have shown that there is considerable flexibility to in-
novate within the category. These same successes, however,
highlight the lack of industry standards for product labeling,
lack of policy consensus of yogurt standards of identity, and lack
of scientific support for the purported benefits. For example, so-
called Greek-style yogurt swept into the 2010 yogurt market-
place with a simple proposition of being higher in solids and
protein. Although this modification in composition is tradition-
ally accomplished by a filtration step during the final stages of
processing, many products labeled “Greek style” achieve

a higher solids and protein composition by explicitly adding
milk protein ingredients at the beginning or end of the process.
Producers, regulators, and consumers are now debating: are
these methods the same?

As yogurt diversifies, regulatory policy will be faced with
important decisions as to what constitutes “yogurt,” how far the
compositions can diverge before products can no longer be
considered within the category, and how to label these various
alternatives. Industries are faced with the conflicting pressures
of formulating and positioning products within the rapidly
changing, competitive marketplace and maintaining labeling
standards and consumer transparency.

Food processing is about to be transformed by genomics se-
quencing tools. Genomics sequencing–based microbial detection
systems are now available for relatively routine surveillance of
entire processing facilities. Techniques can map entire microbial
communities from cows and plants to entire crops and food-
processing and health facilities (42–45). Detailed knowledge of
the microbial communities, including bacteria, yeast, molds, and
even bacteriophages, within entire yogurt-processing environ-
ments, will enhance safety, quality, and going forward, the
health propositions possible.

HEALTH OUTCOMES AND YOGURT

Yogurt is already perceived by consumers as having health
benefits. Going forward, yogurt is a food category poised to
translate scientific research. In many respects, yogurt is ideally
situated to lead science and technology into a future of greater
health through diet. The question is, can research be mobilized to
realize this future?

Progress in discovering the relations between yogurt and
health would be significantly enhanced with 3 simple changes in
strategy:

1) Focus on prevention and protection rather than therapeutic
cure.

2) Unify lactation research across all mammals, including
human and bovine.

3) Develop markers based on mechanisms of action to trans-
late science into regulatory dossiers of efficacy and dem-
onstrated proof of benefits.

Prevention

Health is approached largely from a disease-centric per-
spective. Diseases are defined by specific functional departures
from “normal” health. The goal of curative health science is to
understand the mechanisms underlying those diseases and to
discover interventions—chemical, biological, or procedural—
to reverse them. Preventing diseases before they occur is not
necessarily the same. Prevention implies that interventions
(again, chemical, biological, or procedural) act preemptively
on healthy individuals to lower the risk of disease (ie, to im-
prove health). Prevention in practice would strengthen pro-
cesses that block agents that cause diseases, to rebalance
endogenous processes that are chronically dysregulated suffi-
ciently to lead to disease and to enhance the activity or sen-
sitivity of surveillance processes that detect damaged
molecules, cells, or tissues that would become diseased. The
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challenge for science is to bring these broad principles into
mechanistically defined and demonstrable action. Scientists are
using very imaginative approaches to identity the targets of
disease diagnostics and therapeutics; those same toolsets can
now be applied to discover the targets, metrics, and products of
prevention.

Lactation

Lactation has been driven by relentless Darwinian selective
pressure for protection and prevention. Yogurt would profit by
bringing a scientifically detailed, molecular understanding of
how milk from all mammals, especially humans, achieves its
benefits. Once established, those mechanisms can be translated
into innovative yogurt products and benefits. The following 4
broad categories of benefits to infants would be of immediate
value across the age spectrum, if science could unravel the
mechanisms by which milk achieves these effects: immunity,
metabolism, physiology, and microbiota.

Immunity is a massively complex system consisting of
multiple innate structures and functions together with an even
greater diversity of acquired processes. Appropriate functioning
of immunity is necessary to the protection of life and the
prevention of disease. Yet, imbalances in immunity can cause
disease. Failure to regulate immunity appropriately thus con-
tributes both to increased risk of infectious disease when im-
mune responses are insufficient and yet contributes to increased
risk of diseases of inflammation and autoimmunity when im-
munity is inappropriate and excessive. Diets that prevent disease
must therefore improve both aspects of immunity. The failure of
the immune system to respond sufficiently to pathogenic invasion
is seen in young infants, as a result of delayed development, and in
the elderly who are at risk of immune senescence and suppression
(46). Human milk has been documented to enhance the de-
velopment of acquired immunity in infants and these same
mechanisms could translate to adults, if they were understood (47).

Scientific consensus has not yet developed a full nomenclature
to describe inflammation. Nonetheless, however it is defined,
inflammation is associated with, if not considered central to,
virtually all noncommunicative, degenerative diseases (heart
disease, diabetes, cancer, arthritis, asthma, stroke, etc) (48). If
inflammation could be reduced, the benefits to long-term health
would be remarkable. However, there is a problem. Inflammation
is also at key points essential to the successful immune response
to pathogens. Therefore, interventions to reduce inflammation
carry the risk of increased infectious disease. The balance of
immunity is at the core of this diverse protection system, and at
present no strategy has emerged that can maintain appropriate
immune response and simultaneously prevent chronic in-
flammation. Yet, human milk is very well described as providing
multiple, diverse mechanisms that are anti-inflammatory, while at
the same time enhancing overall immune protection of the infant
(49). The mysteries of inflammation—from the diverse mecha-
nisms that cause it to the ingredients to manage it—are hidden
within lactation biology.

Metabolism in higher organisms is in many ways as complex
and pervasive as immunity. The appropriate distribution of fuels
and substrates to support all of the disparate systemic processes is
the function of metabolic regulation. The inappropriate distri-
bution of fuel is now recognized to be driving obesity, cachexia,

heart disease, diabetes, and many cancers (50). Once again,

aggressive pharmacologic approaches to alter metabolic regu-

lation are fraught with risk. Milk has not only been shown to be

associated with appropriate metabolic regulation in infants, but

dairy intake has also been associated with risk protection in adults

(51). Thus, the mechanism by which milk supports metabolism is

evidently translatable across all ages and mammalian species.
The secrets to metabolic control are in lactation biology.

Physiologic processes, when unbalanced, are increasingly
recognized as drivers of chronic disease. Simple blood flow is an
example of the complexity of the problem. When physiologic
processes are working appropriately, blood flow is acutely di-
rected to tissues in demand, fueling performance and removing
byproducts. When not working appropriately, impaired blood
flow, measured as hypertension, is a major driver of cardiovas-
cular disease (52). Milk clearly targets blood flow regulation. One
of the classes of bioactive factors (antihypertensive peptides) and
their targets of action (angiotensin-converting enzyme) have
already been brought to practice as functional food ingredients
(53). The path to understanding physiologic regulation is through
lactation biology.

The microbiota of humans is a key contributor to the regulation
of metabolic, physiologic, immunologic, and even neurologic
processes. The most compelling evidence for the importance of
the microbiota to human health and the ability to manipulate it
through diet comes from milk. The mammary gland and lactation
providing milk for infant nourishment have been central to
mammalian evolutionary success (54). Milk nourishes the infant
and yet costs the mother. One class of molecules has been
particularly perplexing in this context. Glycans (complex sugar
polymers and their conjugates) are indigestible by infants (55).
Ongoing research has established that these components are
selectively feeding not the infant but specific bacteria within the
infant’s intestine (56–58). The diverse saccharide structures and
linkages in the glycans of milk are matched to stereospecific
catalytic activities of a group of bacterial enzymes within the
genomes of bacteria unique to infants (58–60). The microbiota
of breastfed infants is remarkably distinct during the first year of
life (61, 62). Milk itself is a source of living microorganisms,
implicating milk as a delivery system for maternally derived
bacteria destined for the infant (63, 64). Once again, the road-
map to colonizing and guiding a complex microbial ecosystem
in the intestine of humans is contained within the lactation ge-
nome of mammals. Research just needs to “decode” it.

METRICS/DIAGNOSTICS OF YOGURT AND HEALTH

A key to improving health in the population and to capturing
value in food products and services is to develop the technologies
to accurately measure individual health. Success in diagnosing
disease by identifying analytes in blood associated with particular
diseases has driven the drug marketplace. Unfortunately, this
basic strategy will need to be modified for measuring health and
preventing disease, because there is no disease to diagnose.
Health itself must be assessed. Assessing health means measuring
the functioning of the various systems, structures, and processes
that constitute the normal healthy state. In a food marketplace in
which consumers are measured for personal health, the value of
yogurt can be shown by its ability to enhance those functions.

1276S GERMAN



Disease is typically detected by static measures: diagnostics.
The processes of health are revealed by challenging those pro-
cesses explicitly (65–67). The challenge approach to health as-
sessment includes the measurement of the dynamic fluxes of
metabolites through specific biochemical pathways in response
to a defined nutritional input. A standard glucose challenge, for
example, has been a hallmark of metabolic assessment for de-
cades, and this principle has been shown to be expandable to
multiple nutrients (65). This “challenge” principle shows aspects
of metabolism that are unavailable in the fasted state. Analogous
to running a race to assess the performance of athletes, analyzing
the metabolic, immunologic, physiologic, and even neurologic
responses to a standard stimulus can assess the quality of the
performance of those systems.

Scientists can and should drive a new view of health, measurable
by absolute, quantitative criteria. The metrics of what to measure,
when, how accurately, and in response to what challenge are ap-
propriate research goals for academic science. However, scientists
developing health metrics must now go beyond simply chronicling
disease processes. Finally, these scientific measures must move out
of the laboratories and into common practice. This ultimate goal of
building a health assessment marketplace will require devices that
are sufficiently accurate to be of predictive value but sufficiently
noninvasive, cost-effective, and convenient to be practical. Engi-
neers will need to be at least as diligent and engaged in building the
tools of health measurement as they are in the tools of automotive
performance. Deploying personal health measures will build
a more knowledgeable consumer population. A more knowl-
edgeable consumer population will drive a more competitive and
more valuable marketplace. To reach this more measured con-
sumer population, regulators will need to guide, validate, and
monitor the accuracy of health measurement as an industry. In
a measured health marketplace, yogurt’s value will rise.

Health assessment needs a policy advocate. There needs to be
a regulatory body that champions the development of health as-
sessment indicators out of academic research. Although disease
diagnostics provide a framework, there are some important dif-
ferences. The costs of approving disease diagnostics are high, for
good reason. The consequences of an error, either type 1 (false
positive) or type 2 (false negative), based on a diagnostic outcome
decision for disease can be catastrophic. Hence, the time and effort
needed to minimize error rates for disease diagnostics are justified.
However, for measures of health, the situation is different. Health
will be measured more routinely, and the decisions taken are less
impactful. Hence, a distinct regulatory oversight system for the
development, validation, and monitoring of the marketplace of
health assessment should be more flexible and reactive.

CONCLUSIONS

The long history of the health values of yogurt are chronicled
throughout this series of accompanying articles in the supplement
issue. The future of yogurt is in the hands of scientists, tech-
nologists, and policy makers. There is a clear opportunity to build
the knowledge, tools, and products needed to position a portfolio
of new foods based on the concepts of traditional yogurt. Aca-
demic research, industrial partners, and policy regulators working
together will achieve this future. Research will need to establish
the mechanisms by which yogurt acts on specific aspects of health
and the metrics to document them. Industries will accelerate

progress by providing materials for development and clinical
trials. Regulators will provide a more competitive commercial
marketplace for health by supporting the development, valida-
tion, and deployment of technologies to measure human health
and to show the value of health-supporting food products.

Editorial assistance was provided by Chill Pill Media LLP, which was con-

tracted and funded by Danone Institute International.
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