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ABSTRACT

Bioactive compounds in foods have been gaining interest, and processes to consider them for public health recommendations are being

discussed. However, the evidence base is difficult to assemble. It is difficult to demonstrate causality, and there often is not a single compound–

single effect relation. Furthermore, health benefits may be due to metabolites produced by the host or gut microbiome rather than the food

constituent per se. Properties that can be measured in a food may not translate to in vivo health effects. Compounds that are being pursued may

increase gut microbial diversity, improve endothelial function, improve cognitive function, reduce bone loss, and so forth. A new type of

bioactive component is emerging from epigenetic modifications by our diet, including microRNA transfer from our diet, which can regulate

expression of human genes. Policy processes are needed to establish the level of evidence needed to determine dietary advice and policy

recommendations and to set research agendas. Adv. Nutr. 5: 306S–311S, 2014.

Introduction
A national and international dialog is underway on whether
public health recommendations can be made on bioactive
foods and ingredients that have health benefits. The Office
of Dietary Supplements at the NIH has defined bioactive
compounds as constituents in foods or dietary supplements,
other than those needed to meet basic human nutritional
needs, which are responsible for changes in health status
(1). Recent publications from a conference (2) and sympo-
sium (3) evaluated the readiness of bioactive components
for public health recommendations. Although existing pro-
cesses for setting requirements for essential nutrients by the
Food and Nutrition Board of the Institute of Medicine may
not be practical for bioactive components of health, these re-
ports set the stage for an evidence-based process. This pro-
cess is yet to be defined for bioactive foods and ingredients.
This article is a call for developing a process for establishing
public health recommendations for bioactive foods and

ingredients. Such a process is needed to be able to set a
framework for research and the evidence base needed before
consensus messaging can be given to health care profes-
sionals. The ultimate beneficiary of public health messages
is the consumer.

Opportunities and Challenges
Opportunities for a bioactive food or component, or for diet
more generally, begin with identifying a link between a bio-
active food or ingredient and health or to a disease. Scientific
evidence is accumulated. Claims can be formulated by food
manufacturers and communicated directly to the consumer
or for government approval of a claim, depending on the na-
ture of the claim. Processes are developed for establishing
claims. For developing public health recommendations,
the process needs to be created. The interplay between scien-
tists and policy makers is iterative because the process needs
to be framed in order to know what evidence must be col-
lected, and the quality of the evidence must be evaluated
by policy makers before public health recommendations
can be communicated to health care providers, food manu-
facturers, and ultimately consumers. Interest in bioactive
foods and ingredients is high among consumers. The Inter-
national Food and Information Council has conducted
functional foods consumer surveys for 15 y. Among 1005
participants in the 2013 Functional Foods Consumer Sur-
vey, 45% said they were very interested and 86% said they
were very or somewhat interested in learning more about
foods that have benefits beyond basic nutrition.
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Currently, bioactive foods and ingredients have almost
no role in public policy. There are limited databases of
these constituents. The flavonoid database recently devel-
oped by the USDA, an update of the isoflavone database
in selected foods, is an encouraging example of recent
strides in 1 class of bioactive compounds (4). Without
such food composition databases, intakes of these com-
pounds by groups and populations cannot be monitored
in food intake surveys. Their content in foods is not in-
cluded in nutrient labels. With no public health recommenda-
tions, there is no evidence-based process to provide consensus
messages for training public health professionals and, in turn,
for them or manufacturers to convey public health messages
to consumers.

Reliable, science-based information is lacking for health
benefits of bioactive foods and constituents. It is difficult to
demonstrate causality for bioactive compounds and health.
As with essential nutrients or food patterns, their role in the
transition of healthy to unhealthy tissue or with development
of a chronic disease can take decades. The highest quality of
evidence is the randomized controlled trial (RCT)3, but this
design is frequently very expensive and impractical for the
long latency effects observed for many diet-disease links.

Additional challenges for studying the role of bioactive
components and health are that they may effect rather small
changes and affect multiple tissues. This can also be said of
essential nutrients and diet. However, seemingly small re-
ductions in blood pressure with diet alterations in an indi-
vidual can result in significant benefits in reducing chronic
disease at a population level. For example, 3-mm Hg reduc-
tion in systolic blood pressure was predicted to lower mor-
tality due to stroke by 8% and coronary heart disease by 5%
(5). Adding up the many small benefits to various tissues to
produce a global index has been proposed for nutrients (6).
This approach could easily apply to bioactive components as
well.

The greatest need in accumulating evidence for bioactive
components and their relation to health is the development
of good biomarkers for both exposure and effect. A greater
challenge for identifying biomarkers of exposure for bioac-
tive components compared with essential nutrients is that
the bioactivity of a food may not be attributable to a single
constituent. If multiple constituents constitute the bioactive
effector and multiple tissues respond, then monitoring the
causal link between a bioactive source and health is indeed
a challenge. But until we can monitor exposure and their
health benefits, progress will be limited.

Role of Metabolism
A further complication in understanding the benefits of bi-
oactive components on health may be that their activity arises
from the metabolites produced by the host or the gut micro-
biome rather than from their presence in the food. A recent
example of the sometimes misleading characterization of a

bioactive and predicting its relation to health is shown with-
antioxidants. Much effort was spent on assessing the antiox-
idant capacity of foods through oxygen radical antioxidant
capacity (ORAC), fluorescence recovery after photobleach-
ing (FRAP), trolox equivalent antioxidant capacity (TEAC),
telomeric repeat amplification protocol (TRAP), ferrous oxi-
dation-xylenol (FOX) orange, telomeric repeat amplification
protocol assays to learn that they do not necessarily predict
protection against protein, DNA, or lipid oxidation (7). Nor
has it been established that plasma antioxidant status predicts
a physiologic benefit. Rather, compounds that stimulate en-
dogenous antioxidant and anti-inflammatory cell signaling
in ways that promote health are more relevant to establishing
bioactivity (7).

Recent discoveries validate what many cultures have tra-
ditionally believed that human gut microbial diversity re-
sponds to diet and can influence health (8). Human gut
microbial diversity was greater in lean than in obese individ-
uals in a study in Denmark (9). Low genetic microbial diver-
sity was associated with a higher incidence of metabolic
syndrome and an increased propensity to gain weight. Cotil-
lard et al. (10) used metagenomic approaches to show that
weight-loss interventions were less efficient for improving
inflammatory biomarkers in individuals with low microbial
gene diversity. In addition to affecting the gut, the gut mi-
crobiota affects other tissues such as the skeleton and im-
mune system. For example, using germ-free mice, the role
of the gut microbiome in regulating bone mass was demon-
strated and bone mass was normalized by colonization with
normal gut microbiota (11).

One of the first studies to reveal that consuming a bioac-
tive ingredient can alter the gut microbiota with physiologic
benefits in healthy people was related to enhanced mineral
absorption. In healthy children, we showed that feeding pre-
biotics such as galacto-oligosaccharides and soluble corn fiber
alters the human gut microbiome to favor the proportion of
fermenting bacteria and to increase production of short-
chain FAs. Galacto-oligosaccharides at 5 g/d and soluble corn
fiber at 12 g/d increased calcium absorption by ~12% in
pubertal children (12,13).

What Constitutes a Successful Bioactive Food
or Ingredient?
Many foods and constituents have been identified that con-
fer health benefits affecting a diverse array of tissues. Bioac-
tive ingredients have been derived from milk, eggs, meat,
fish, soy, wheat, broccoli, rice, and more.

There is a substantial volume of evidence for some bioac-
tive components that could be reviewed in a DRI-like pro-
cess for making intake recommendation. A large evidence
base exists for soy isoflavones, flavonoids, and carotenoids.
Moreover, the rate of publications has been rapidly increas-
ing for some categories, notably flavonoids (Fig. 1). But even
with a large evidence base, determining public health messages
will not be easy. For example, hundreds of studies were re-
viewed by the North American Menopause Society on the
relation of soy isoflavones and menopausal health (14).

3 Abbreviations used: EFSA, European Food Safety Authority; LDLRAP, LDL receptor adaptor

protein; miRNA, microRNA; RCT, randomized controlled trial.
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Results were mixed for relieving menopausal symptoms and
for bone and cardiovascular benefits. The relation of soy
foods and breast and endometrial cancer was based on obser-
vational studies. The panel called for greater standardization
and documentation of clinical trial data on soy. The lack of
standardization and documentation of bioactive components
will be a common problem for many bioactive trials. Simi-
larly, systematic reviews and meta-analyses of dietary or
blood antioxidants and diseases of the eye have not pro-
vided a clear path (15,16). In 9 prospective cohort studies
and 3 RCTs, there was insufficient evidence to support the
role of antioxidants from diet or supplements (including
vitamin A, vitamin C, vitamin E, zinc, lutein, zeaxanthin,
and lycopene) on prevention of age-related macular degen-
eration (15). On the other hand, a meta-analysis of obser-
vational studies showed that blood concentrations of vitamin E,
lutein, and zeaxanthin were inversely associated with age-related
cataract (16).

Some bioactive foods and ingredients have regulatory ap-
proval for health claims and are already in the marketplace
or are expected to be soon, which constitutes 1 form of suc-
cess and allows a type of public health messaging. The num-
ber of bioactive components with regulatory approval are
few. The European Food Safety Authority (EFSA) evaluates
health claims under articles 13 (general function claims)
and 14 (disease claims) of the 2007 European Union Regu-
lation EC no. 1924/2006. In the United States, the FDA eval-
uates claims in 3 categories: health claims to describe a
relation between a dietary entity and a disease, nutrient con-
tent claims that characterize the amount of nutrients in a
food, and structure/function claims about the role of a nu-
trient or dietary ingredient to affect normal structure or func-
tion in humans under the 1990 Nutrition Labeling and
Education Act, the 1992 Dietary Supplement Act, the 1994

Dietary Supplement Health and Education Act, the 1997
FDAModernization Act, and the 2003 Committee Health In-
formation for Better Nutrition Initiative, which provides for
use of qualified health claims. Under the Dietary Supplement
Health and Education Act, the FDA has approved ~12 health
claims that describe a relation between a food, food compo-
nent, or dietary supplement and reducing the risk of a disease
or health-related condition that meets significant scientific
agreement (17). There are an additional 17 qualified health
claims subject to enforcement discretion (18).

Bioactive components that promote weight management
and lower risk of obesity, diabetes, and cardiovascular dis-
ease have received the most attention. One product that
has received EFSA approval is Slendesta (Kemin Industries,
Inc.). Slendesta contains a patented active ingredient, P12, a
peptide that increases secretion of cholecystokinin, a gut
hormone that decreases food intake. Peptides that are re-
leased by specialized enteroendocrine cells are potential key
targets for bioactive ingredients to increase satiety (19).
The authors caution that the benefits of a bioactive compo-
nent in controlling body weight are better measured chron-
ically by a scale than acutely by satiety tests because satiety
may adapt away.

Bioactive constituents that benefit heart health may be
through their impact on endothelial function, which pre-
dicts cardiovascular events. Endothelial dysfunction can be
assessed through brachial artery flow-mediated dilation
and endothelial pulse amplitude testing (Endo-PAT). Choc-
olate and cocoa flavon-3-ols improve flow-mediated dilation
both acutely (over 90–150 min) and chronically (2–18 wk)
according to a recent meta-analysis (20).

EPA and DHA FA consumption and blood concentrations
have been associated with increased flow-mediated dialysis
(21) and decreased risk of sudden cardiac death (22). The

FIGURE 1 Numbers of publications on flavonoids, carotenoids, and phytonutrients and health outcomes. Data and figure are from
the International Life Sciences Institute (ILSI) North America Emerging Science Trend Report, 2013.
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consumption of fish (4 oz) twice a week to achieve intakes
of 250–500 mg EPA and DHA is promoted by the 2010 Di-
etary Guidelines for Americans in order to decrease arrhyth-
mias, blood clot formation, blood TGs, growth rate of
atherosclerotic build-up, blood pressure, and inflammation
and to improve arterial cell function (23). A recent health
claim (article 13) for a whole food for its ability to
improve blood vessel elasticity was awarded by EFSA for wal-
nuts and is allowed in foods that provide$30 g of walnuts. In
1 study, walnut consumption improved flow-mediated dialysis
by 367% (P = 0.009) (24).

On the Horizon
Bioactive components that alter the genetic code are now on
the horizon and will undoubtedly lead to even more discus-
sion and concern for policy makers. Epigenetic modifica-
tions by the environment are being explored. The recent
exciting discovery of a cross-kingdom transfer of function-
ally active microRNA (miRNA) from ingested rice to blood
in humans was very unexpected (25). miRNAs constitute
one of the components of the epigenome. miRNAs (19–24
nucleotides) do not code for proteins but bind to target
mRNAs to inhibit protein translation. The particular miRNA
in rice (MIR168a) found in the blood of Chinese individuals
can bind to the LDL receptor adaptor protein (LDLRAP1)
mRNA to inhibit its expression in liver. This resulted in re-
duced LDL removal from mouse plasma. This is the first ev-
idence that miRNAs of plant origin can epigenetically regulate
expression of human genes. Thus, it is possible that exoge-
nous miRNAs from the diet can regulate expression of target
genes in humans to influence the risk of disease. In the exam-
ple discussed above, altered LDL removal increased the risk of
cardiovascular disease. This suggests that circulating miRNAs
could function as biomarkers of disease as well as signaling
molecules. Future research will likely reveal ways to harness
miRNAs as bioactive components to benefit health.

Closer at hand are bioactive constituents from food-derived
peptides, modulators of the gut microbiome as pre- and pro-
biotics, which stimulate endogenous antioxidant and anti-
inflammatory signaling systems, modulators of food intake
and satiety, etc. Some bioactive constituents derived from

foods require novel technology to enrich them in foods (26).
These can include nano-emulsions, nano-cages, or multilayer
emulsions to encapsulate and disperse bioactive constituents
to keep them stable and compatible with the food matrix.
They also can improve their bioavailability. These products
developed from new technologies to deliver bioactive com-
ponents in the diet may also require regulatory approval.

What Constitutes Sufficient Evidence?
Many hurdles are being erected for determining recommen-
dations for essential nutrients, let alone bioactive constitu-
ents. Many in the scientific community have adopted the
evidence-based medicine model for nutrition. The prioriti-
zation of RCTs is justified because this study design allows
causal inference. However, RCTs work best for drugs that
are not naturally present in the diet and that have a single
action, large effect, and work quickly. With nutrients (and
staple foods) that are naturally present in the diet, an RCT
cannot be ethically designed to evaluate the benefit of its
presence compared with its absence. Moreover, health effects
are typically modest, affect multiple tissues, and have a long
latency effect. Too often, RCTs in nutrition use supplements
to deliver a nutrient or compound to a population that are
already above the amounts that confer health benefits and so
are predestined to see no effect. The question being addressed
changes from whether the constituent is health-promoting to
whether more of the constituent than the participants were
consuming at baseline is better.

The type of outcome measure expected to give dietary
advice is also debated. Those supporting adaptation of the
evidence-based medicine model to nutrition seek mortality
data or at least an event such as a heart attack or fracture.
Biomarkers for disease risk as surrogates for “hard outcome”
data are hotly debated for establishing public health recom-
mendations even for well-established biomarkers such as
blood pressure, bone mineral density, and balance data.
Most people do not seek dietary advice to extend their life.
They are more interested in healthy eating for wellness
and performance for an improved quality of life. Those sup-
porting the “hard evidence” approach are sensitive to drugs
that are approved on the basis of intermediary end points,

FIGURE 2 What level of confidence is
needed to prompt action? The relation
between the ratio of benefit and risk of the
intervention and the degree of certainty
about the efficacy leads to a confidence
outcome about a decision to recommend the
intervention. The cut-plane is decided by a
regulatory body or public policy committee;
above the plane permits action. A high level
of certainty is demanded by society for
permitting approval of a drug because of high
cost of medical treatment and high risk of
inaction compared with side effects. Dietary
recommendations to prevent disease demand
less certainty than drugs used to treat disease. Isolated bioactive components with potentially higher risk of side effects may demand
a higher level of confidence than a nutrient. Adapted with permission from reference 6.
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which have occasionally had disastrous consequences when
commercialized. But drugs are intended for select populations
in contrast to diet for the whole population. Foods and essen-
tial nutrients (taken below the Tolerable Upper Level) gener-
ally have a history of safety. A global index for evaluating diet
and health effects has been proposed that combines multiple
changes in various tissues (blood pressure, glucose control,
infection resistance, falls, bone status, etc., as relevant) (6).
This approach has the advantages of increased power to find
small effects and captures the multiplicity of effects that are
characteristic of most dietary constituents.

Bioactive components can span the range from a foodstuff
to an isolated, purified compound that could be ingested at
amounts much higher than could be obtained through diet
and may have properties more like a drug (i.e., more potent
efficacy and higher safety risks). These should be considered
on a case-by-case basis. For the FDA to suggest an Investiga-
tive New Drug approval for performing clinical research on
every bioactive component stifles innovation (27).

Many kinds of evidence are possible to establish the link
between a dietary recommendation and health (i.e., basic re-
search to establish how it works, translational research to de-
termine relevance to humans, efficacy studies in controlled
conditions to determine specific effects, and effectiveness
studies to determine benefits in free-living populations).
Achterberg (28) recently encouraged consideration of all
of the evidence, rather than a single methodology (i.e.,
RCTs). The best recommendations use the totality of evi-
dence with liberal doses of critical thinking and logic. Per-
haps the most difficult decision is where to put the bar.
Figure 2 suggests that the level of confidence to prompt ac-
tion for advice for a nutrient and at least some bioactive
components may require less confidence in demonstrated
certainty and risk than for a drug. Do we need long-term
dose-response RCTs in large study populations for every
food and bioactive constituent? Or is biologic plausibility
plus smaller clinical trials to demonstrate translation to hu-
mans sufficient? After all, in practice, current dietary advice
is made on much less evidence than for drugs.

Conclusions
Discoveries in bioactive components and health are escalat-
ing. Possibilities for improving human health for weight
management, prevention and treatment of chronic disease,
and wellness abound. On the horizon are bioactive compo-
nents that influence the gut microbiome and genetic control.
The process for evidence-based criteria to make public
health statements lags behind. The sooner that a consensus
among the scientific community for an acceptable process
for dietary guidance on bioactive components for health
can be formulated, the better will be the study designs and
the more motivated will be researchers and sponsors to
work on discoveries. The ultimate goal of policy makers, sci-
entists, and professional societies is to improve human
health, so if we work together to set up a reasonable process,
we can make the most progress. Bioactive components are a
challenging area, and multiple paths for the many types that

span the range from whole foods to druglike isolated com-
pounds will be needed.
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