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ABSTRACT
Today, it seems that nutrition is in a state of great confusion, especially for the general public. For decades, some nutrients (e.g., cholesterol, saturated
fats, sugars, gluten, salt) and food groups (e.g., dairy, cereals, meats) have been regularly denigrated. In this position paper, we hypothesize that such
a state of confusion is mainly the result of the reductionist paradigm applied to nutrition research for more than a century, and by being pushed
to its extreme, this perspective has led to accusations about some nutrients and foods. However, the real issue is about foods taken as a whole
and therefore about their degree of processing, which aﬀects both the food matrix and composition. Indeed, we eat whole foods, not nutrients.
Therefore, the objectives of this article are to emphasize the need for more holistic approaches in nutrition to preserve our health, animal welfare, and
planet. We propose to ﬁrst redeﬁne the food health potential on a holistic basis and then to show that reductionism and holism are interconnected
approaches that should coexist. Then, we try to explain how extreme reductionism has been disconnected from reality and ethical considerations
and has ultimately led to environmental degradation and loss of biodiversity, notably through very speciﬁc crops, and to an increased prevalence
of chronic diseases. Furthermore, to address the confusion of the general public and to simplify nutritional messages, we propose 3 holistic golden
rules based on scientiﬁc evidence to protect human health, animal welfare, and the environment (climate and biodiversity). Finally, we try to show
how these 3 rules can be easily applied worldwide while respecting the environment, cultural traditions, and heritage. Adv Nutr 2018;9:655–670.
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Introduction
We eat foods, not nutrients. However, nutrients are regularly
recommended to sell foods or are incorporated into national
guidelines. “Eat less fat, salt, and sweets” is a well-known
recommendation. In advertising, it is often the case to read:
“rich in fiber, antioxidants, vitamins, minerals,” “low fat,”
“reduced salt,” etc. On packaging labels, the only scientific
information is that of nutrient composition, expressed by
servings or on a 100-g basis. Nutrients and calories seem
interchangeable from one food to another. This approach is
called nutritionism or nutritional reductionism (1).
Gyorgy Scrinis (1) is probably the first to have clearly
described and thoroughly analyzed the reductionist thinking
in the nutritional sciences. Overall, he divided nutrition science into 3 eras since the beginning of research in nutrition,
in ∼1850: 1) the era of “Quantifying Nutritionism” (1850–
1960s), controlled by research scientists who discovered and
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quantified nutrients, and human nutritional needs, notably
leading to the prevention of nutritional deficiencies; 2) the era
of “Good-and-Bad Nutritionism” (1960s–1990s), controlled
by governmental bodies to prevent chronic diseases, with
good and bad nutrients to be limited or encouraged, but
negative messages dominated; and 3) the era of “Functional
Nutritionism” (1990s until today), controlled by the agrofood industry with more positive messages for body health
and a focus on functional nutrients.
However, despite the vast knowledge in nutrition science,
the prevalence of chronic disease continues to dramatically
increase worldwide, with the WHO predicting that type
2 diabetes will be the seventh cause of death worldwide
by 2030 (2). Did we fail somewhere or do we truly lack
more knowledge? In addition, the general public is in a
state of great confusion about nutrition recommendations
or guidelines. We first accused fat (notably cholesterol and
SFAs) as a cause of cardiovascular diseases; then, sugars
were thought to increase the prevalence of obesity and
type 2 diabetes; then, salt was linked to hypertension; and
today, some reject gluten, cereals, dairy, etc., advocating
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Perspective: Reductionist Nutrition Research Has
Meaning Only within the Framework of Holistic
and Ethical Thinking

Holism and Reductionism: Two Sides of the
Same Coin
What is food health potential?
We are used to defining food health potential on the basis
of the mere nutrient composition of the food. By looking
at food-composition databases, such as those of the USDA
(11) or the French Agency for Food, Environmental, and
Occupational Health and Safety (12), or by looking at
food packages or food indexes, it is apparent that they
are only based on a few nutrients to limit or encourage
[e.g., the British Food Standards Agency Nutrient Profiling
System (13) or the Nutrient-Rich Food index (14)]. In
nutrient databases, the list of main nutrients is generally
as follows: water, calories, protein, lipids, carbohydrates,
sugars, fiber, sugars, and sometimes vitamin and mineral
composition. We also mention the recent Phenol-Explorer
database, which is the first comprehensive database on
polyphenol content in foods (15). In these lists or databases
there is no information about food matrix characteristics
that greatly affect nutrient bioavailability, digestion kinetics,
and glycemic, satiety, antioxidant, or alkalinizing potentials. However, 2 foods with same composition but with
different matrices may have a different health potential
(16), especially concerning the satiety effect and nutrient
bioavailability.
For example, according to particle size, such as whole
compared with ground, almonds release their lipid fraction
differently with respect to the kinetics of hydrolysis and the
amount of lipid reaching the colon (17, 18). In this case,
the initial composition is exactly the same. Concerning
bread, it has been shown that the higher the crumb density,
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the lower the glycemic index and the higher the satiety
potential: again, the composition is approximately the
same; only the crumb density varies (19). In another
study, boiled whole carrots lead to a greater feeling of
satiety than reconstituted carrots from isolated nutrients (but
without fiber) (20). Another example involves pasta: at an
identical composition but with a different form or thickness,
the glycemic response differs, with macaroni having a greater
glycemic index than spaghetti (21), and thick linguine having
a greater glycemic index than thin linguine (22). Again, the
composition does not change. Concerning fruit, a whole
apple was shown to provide a significantly lower insulinemic
response and greater feeling of satiety than apple purée made
of the same apple. In addition, apple purée was shown to
provide a significantly lower insulinemic response and a
greater feeling of satiety than apple juice made of the same
apple (23). In this study, the main factor of variation is the
unstructuration of the apple matrix. Finally, concerning
dairy products, different gels (acidification compared with
renneting) of identical initial composition lead to different
protein bioavailability and metabolization and different
kinetics of satiety and appetite hormone secretion (24).
The food matrix effect is therefore of prime importance
in defining food health potential because it plays a role not
only on feelings of satiety (25) and nutrient bioavailability
(26, 27) but also on the degree of chewing (25) and particle
size after chewing (28), hormonal secretions (24), transit
time (notably gastric-emptying kinetics) (29), or the amount
of fiber-type compounds entering the human colon with
important metabolic effects via microbiota transformation
in SCFAs (30) or via antioxidant release (31), among other
effects.
These results clearly show that food health potential
must be redefined using a new paradigm including both
“matrix” and “composition” effects or, expressed differently,
the “holistic” and “reductionist” parts of food (Figure 1).
The holistic fraction of food is its matrix, resulting from the
specific interconnectedness of the various nutrients, which
is specific for each food comprising a diet. This fraction
controls the delivery and ultimately the bioavailability of
various nutrients within the human organism. This fraction
may be qualified or characterized by both quantitative and
qualitative aspects, such as color, density, hardness, or size.
When the matrix is fractionated, we can have access to the
nutrient composition and quantify it: this is what we call
the reductionist and quantitative fraction of food health
potential. On the basis of the scientific literature, we propose
that the matrix effect takes precedence to define health
potential, then nutrient composition follows because we first
eat food matrices not nutrients (33). In addition, nutrients are
included in the matrix, not the contrary. Consequently, in the
following sections, we try to show that reductionist studies
have meaning only within the framework of holistic thinking,
and we think this applies to foods.
The consequences of redefining food health potential
on the basis of both “matrix” and “composition” effects
are fundamental: the first is that calories and nutrients
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a return to the Paleolithic diet (3, 4). At the same time,
new scientific studies have rehabilitated cholesterol (5),
saturated fats (6–8), butter (9), and eggs (10). Who is
right? Who is wrong? Vegans, vegetarians, flexitarians, or
omnivores? Everybody? Are there intangible truths in human
nutrition science?
The hypothesis we would like to defend in this position
paper is that such confusion is the result of the reductionist
paradigm pushed to its extreme, and that has led to accusing
some nutrients, whereas the real issue is about foods taken
as a whole and therefore about their degree of processing
that affects both the food matrix and composition. The
objectives are to emphasize the need for more holistic
approaches in nutrition to preserve our health, animal
welfare, and our planet. We propose to show, first, that
reductionism and holism are interconnected approaches
that should coexist. Then, we will try to explain how
reductionism has led to environmental degradation and
an increased prevalence of chronic diseases; and we will
propose 3 holistic golden rules based on scientific evidence
to protect health, animals, and the environment. Finally, we
try to show how these rules can be easily applied worldwide while respecting the environment, cultural tradition,
and heritage.

To prevent chronic diseases

(holistic & qualitative
fraction)

X

« Composition »
effect
(reductionist &
quantitative fraction)

Degree of chewing
Nutrient bioavailavility
Glycemic index, protein anabolism, lipid
metabolism
Satiety
Transit speed (gastric emptying ...)
Hormones secretion…
With identical composition in nutrients and calories, two foods with different physical structures will not have the same health
potential
1 calorie food A ≠ 1 calorie food B
Consuming 500 kcal from minimally-processed foods does not have the same effect on health as 500 kcal from ultraprocessed food

FIGURE 1 The 2 components of the food health potential. Reproduced from reference 32 with permission from Academic Press.

are absolutely not interchangeable from one food to another. It is not the same for health endpoints to consume
500 kcal of “empty” calories from ultraprocessed foods as it is
to consume 500 kcal of minimally processed whole foods. In
addition, it is not the same to consume industrial fructose
from high-fructose corn syrup as to consume natural
fructose from whole fruit and honey that also supply fiber,
minerals, vitamins, antioxidants, a feeling of satiety, etc. The
real issue is not in the nutrient in itself but in its matrix environment, which, in turn, is greatly influenced by processing.
This leads to the concept of the holistic view of food
health potential. Foods, when based on scientific results,
should be viewed as a whole, not as a collection of parts
(i.e., isolated nutrients), and whole foods have different
health properties than do fractionated-recombined foods,
even those of similar composition. Therefore, nutrients act
differently within the human organism when included in
natural matrices than when added in artificial matrices from
ultraprocessed recombined foods. Indeed, when present in
natural whole foods, polyphenols, minerals, oligo-elements,
vitamins, and other phytonutrients act in synergy, with
the synergy being generally lost when these nutrients are
extracted from their initial matrix and incorporated into
artificial matrices (34, 35). This is particularly true for
antioxidants that are efficient within the human organism in
synergy but not in isolation.
There are also technological consequences. On the basis
of this new definition or paradigm of the food health
potential, technologists or food scientists will likely be more
respectful of the food matrix as a whole and search for less
drastic processes, such as minimal processing, to preserve
the positive health effect of the whole food matrix. Until
today, the focus has been mainly on the impact of processing
on the nutrient composition of foods, not so much on the

matrix. However, if processing may decrease (e.g., mechanical and thermal treatments) or increase (e.g., fermentative
treatments) some nutrient content, it may also affect the food
matrix (e.g., unstructuration through fractionation/refining
or cooking). However, the equation is very complex to study
because a food may be the result of several technological
treatments, each one having different effects on each of the
nutrients contained in the foods. This double complexity
renders the study of the impact of processing on food
health potential difficult. For example, yogurt results first
from milk homogenization and sterilization and then from
fermentation; thus, although thermal treatment decreases
vitamin B content, fermentation may increase the folic acid
content.

Reductionism compared with holism: an indispensable
marriage
Reductionism and holism are both indispensable because
they both proceed from reality but according to different
“entrance doors” or points of view (Figure 2A). Expressed
differently, both approaches are not mutually exclusive: this is
an indispensable marriage. However, today, we tend to make
2 errors in nutrition research, as follows:
1) One goes from reductionism to holism as shown by the
reduction in food health potential to 1 or 2 nutrients:
for example, citrus and ascorbic acid, meat and protein
(which suggests that vegetables do not contain proteins),
whole-grain cereals and fiber, dairy and calcium (which
suggests that other foods do not contain calcium), etc.
Actually, all whole foods are a complex set of hundreds
of nutrients.
Holistic vs. reductionist nutrition research 657
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FIGURE 2 The interconnectedness between reductionism and holism (A) and the disconnection of reductionism from holism (B).

2) One places too much emphasis on reductionism, which
tends to be dogmatic and turns back on itself, disconnected from holistic thinking, ethical considerations,
and real life (Figure 2B). We can thus lead reductionist
nutrition studies but having lost the initial purpose (e.g.,
providing scientific data and unraveling truths serving
society, humans, and the environment); not to the benefit
of innovation considered as a dogmatic truth. Food and
nutrition innovations are not value-creating in themselves: they become value-creating only if they register
in a virtuous holistic circle to the benefit of humans and
the environment (Figure 3). Campbell and Jacobson (36)
have well described and analyzed this point in American
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nutrition research: reductionism used partial scientific
truths obtained from reductionist experimental design(s)
to make as much money as possible. Reductionist science, used for innovation and immediate benefit, always
promises the general public rapid and magic solutions in
the short term, whereas holistic scientific evidence takes
time to be discovered and is not aimed at profitability; it
is based on global and realistic scientific results for the
benefit of humans in a holistic virtuous circle (Figure 3).
Therefore, we propose that a change should be made in the
following way: first, think holistically; then, lead reductionist
studies only if they nurture the holistic issue in a virtuous way
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FIGURE 3 The reductionist compared with holistic circles.

to the benefit of humans, society, and the environment as a
whole.
Some examples where reductionism was erroneously
privileged over holism
In the history of nutrition research, there are several examples
where reductionism was privileged over holism, leading to
partial scientific results exploited by the private agro-food
industry but with no substantial benefit to society. The first
example is the protectiveness of whole grain–based products
(37, 38). Scientists have studied cereals’ health potential
in a reductionist way by progressively dividing it into its
isolated compounds and trying to explain its health potential
through only a few bioactive compounds. First, there was
the “fiber hypothesis”; then, the role of resistant starch,
slow carbohydrates, minerals, vitamins, polyphenols, and
antioxidants were isolated; today, choline and betaine are
distinguished (38). However, this is the whole-grain cereal
matrix, and the synergy between bioactive compounds which
is protective, not only as one or a few compounds [e.g., wholegrain cereals contain >30 different antioxidant compounds,
>10 lipotropic compounds (39), and hypocholesterolemic,
anticarcinogenic compounds, etc. (37, 38)]. The best way
to analyze the potential health protectiveness of wholegrain cereals should be first to study how whole grains are
protective in a complex diet, including both the matrix,
synergy, degree of processing, and compositional effects, and
then, if truly necessary, to lead more reductionist research
to better understand the role of specific compounds, such as
fiber or others on different metabolic pathways but within
the framework of holistic thinking and issues (37). Dividing
whole-grain cereals into several bioactive compounds has
led to marketing reconstituted whole-grain products, such
as whole-grain soft bread or whole-grain breakfast cereals
for children, which remain ultraprocessed foods without
the same health effect as minimally processed and not
unstructured whole-grain foods.
Another relevant example, described by Gyorgy Scrinis in
“Nutritionism” (1), is the “low-fat campaign” launched in the
United States in the 1960s (40). Confronted with an increase

The importance of the reductionist view of foods
When included in holistic thinking, the reductionist view of
food may then be very useful in research. For example, since
the beginning of nutrition research in the mid-19th century
(∼1850) the discovery of main nutrients, especially vitamins,
has clearly allowed the prevention of deficiencies, saved
millions of lives, and unraveled nutritional needs for each
macro- and micronutrient. It is also necessary to understand
how nutrients act in the human organism and what are
Holistic vs. reductionist nutrition research 659
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in cardiovascular disease prevalence, the US government
asked scientists to find the cause of this. An American
scientist thought fat was the cause, whereas a British scientist
thought it was sugar. The battle lasted several years until
the “fat hypothesis” won. After this, the government asked
the agro-food industry to market low-fat foods and they
launched the famous “low-fat campaign.” Unfortunately, it
was after this campaign that obesity prevalence exploded in
the United States because fat in foods had been replaced by
other ingredients, notably by added simple sugars. This is
typical of the reductionist approach, which searches for the
cause of disease in one nutrient. The real issue was not fat or
sugars but the vehicle of these nutrients—that is, increasingly
ultraprocessed foods made of fractionated-recombined
ingredients. The solution was holistic, not reductionist. With
reductionism, we think about finding the right solution
but we often worsen the situation. This is evident by
considering how obesity and type 2 diabetes prevalence have
increased worldwide despite the vast amount of reductionist
knowledge we have accumulated during the past 7 decades
after World War 2.
Unfortunately, most nutritional guidelines worldwide
were reductionist. For example, in France, we have “Eat less
sugar, salt, and fat” instead of “Eat less ultraprocessed foods,”
which is a holistic recommendation. As previously discussed,
we do not eat sugar, salt, or fat but more or less processed
foods. More generally, in the near future, the real issue of
national guidelines should be a holistic issue, highlighting
diet sustainability—that is, recommendations that should
protect human health, animal welfare, and the environment.
Things are going to change, but we are still far from it.
Finally, it is relevant to emphasize that the “dietary
pattern approach” that is used in epidemiologic studies
since the beginning of this century is more holistic than
the “nutrient or food approach” (that prevailed before the
year 2000), linking the prevalence of chronic diseases with
the consumption of a given nutrient or food such as SFAs,
cholesterol, simple sugars, vitamins, and minerals. Indeed,
the current view is an admission that the onset of a
chronic disease is more in line with a lifestyle than with
a single nutrient. However, this “single nutrient” approach
was privileged for a long time in epidemiology, leading to
ineffective national nutritional guidelines that are still used
today. It is therefore not surprising that now nutritional
dogmas about single nutrients or single foods (i.e., eggs,
butter, cholesterol, SFAs, etc.) are challenged one after the
other.

Reduconism: food is a single sum of nutrients

Fraconated-recombined ultra-processed foods
with cosmec ingredients and addives

Reductionism and Food System Sustainability
Now, we would like to move from a holistic vision of food
health potential toward a holistic vision of diet sustainability
because the concept of “sustainability” is closely linked to
holism. In other words, “sustainability” in all its dimensions
can be reached only if we move toward more holistic
approaches of diets and food systems, including the holistic
concepts of “synergy,” “interdependence,” “biodiversity,”
etc.
The diﬀerent dimensions of sustainability
A sustainable food system should address several dimensions
of sustainability (41): 1) sustainable health—that is, a long
life but a healthy long life with an increase in the health
life years (or years without disabilities), which is not the
case (42); 2) sustainable socioeconomics, including the access
of healthy and affordable foods for everyone regardless of
socioeconomic status, including fair and equitable trade
worldwide, which again is not the case; 3) animal welfare
and diversity, including animal respect and not reducing
animal species to only 2 or 3 genetic types for making
profitable meat and milk production; 4) food safety, which
has reached a very high level in Western countries; 5)
environmental sustainability, including the issues of climatic
change, pollution, and loss of biodiversity; and 6) cultural
sustainability, which involves respecting traditional culinary
heritages and cultures: thus, when standardized junk-food,
ultraprocessed, and fast-foods are substituted for traditional
dishes, culture and tradition sustainability is threatened
to the point that fast-foods may become a new cultural
standard, notably among the youngest. Clearly, sustainability
is a holistic scientific issue. This means that a food should be
not only good for human health but also, at the same time,
good for animal welfare, traditions, the environment, etc.
Reductionism, ultraprocessing, and chronic diseases
Actually, the explosion of chronic disease prevalence
worldwide—threatening the number of healthy life years—
is the result of the reductionist approach (Figure 4).
Reductionist thinking has led to fractionating natural
foods offered by nature into isolated entities (i.e., industrial
ingredients such as gluten, modified starches, glucose and
fructose syrups, protein isolates, inverted sugars, fiber,
minerals, vitamins, antioxidants, concentrates); the sum
of isolated nutrients or ingredients is now largely more
profitable than the original whole foods. In addition, often
these ingredients are also processed (i.e., extracted, purified,
and hydrolyzed). Then, ingredients together with industrial
additives are recombined to provide ultraprocessed foods,
nutritional supplements, functional foods, or nutraceuticals.
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Increased risks of chronic diseases

FIGURE 4 The link between reductionism, ultraprocessed foods,
and chronic diseases.

The term “ultraprocessed food” first appears in the
scientific literature in 2009 (43). Brazilian epidemiologists
define it as follows (44, 45):
“These are industrial formulations typically with five or
more and usually many ingredients. Such ingredients often
include those also used in processed foods, such as sugar,
oils, fats, salt, anti-oxidants, stabilizers, and preservatives.
Ingredients only found in ultra-processed products include
substances not commonly used in culinary preparations, and
additives whose purpose is to imitate sensory qualities of
unprocessed or minimally processed foods or of culinary
preparations of these foods, or to disguise undesirable
sensory qualities of the final product. Natural foods are a
small proportion of or are even absent from ultra-processed
products. Substances only found in ultra-processed products
include some directly extracted from foods, such as casein,
lactose, whey, and gluten, and some derived from further
processing of food constituents, such as hydrogenated or
inter-esterified oils, hydrolyzed proteins, soy protein isolate,
maltodextrin, invert sugar and high fructose corn syrup.
Classes of additive only found in ultra-processed products
include dyes and other colors, color stabilizers, flavors,
flavor enhancers, non-sugar sweeteners, and processing aids
such as carbonating, firming, bulking and anti-bulking,
de-foaming, anti-caking and glazing agents, emulsifiers,
sequestrants and humectants. Several industrial processes
with no domestic equivalents are used in the manufacture of
ultra-processed products, such as extrusion and moulding,
and pre-processing for frying.”

Therefore, ultraprocessed foods result from reductionist
nutrition or nutritionism as described by Scrinis (1). In other
words, they are the fruits of reductionist thinking considering
foods as only the sum of interchangeable nutrients and
calories. For most of them, these products are “empty”
calories with a high nutrient-to-limit index (>8 for many
of them) (46) and a high number of ingredients (>4) (16),
devoid of bioactive and protective fiber, micronutrients,
and phytonutrients; and, as expected, they therefore have a
poor nutritional density (16, 47, 48). In addition, they are
also generally hyperglycemic and poorly satiating according
to a transitive relation, as described in Figure 5 (16, 47,
49). Indeed, we statistically showed in 145 foods that the
more the food is unstructured/processed, the higher the
glycemic index, and the less its satiating capability (47, 49).
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their metabolic fates and actions in cells and on genes,
on hormones, etc. This is indubitable, and a reductionist
approach is necessary. Other benefits of reductionism have
shown the importance of not exceeding some levels of
omega-6 FAs, SFAs, added sugars, or free sugars in our diet.

+
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Glycemic
impact
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Satietogenic
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FIGURE 5 The transitive relation between the degree of
processing/food matrix unstructuration and glycemic and satiety
potentials. Reproduced from reference 32 with permission from
Academic Press.

A high consumption of ultraprocessed foods has also been
associated with increased body fat during childhood and
adolescence (50) and increased risk of metabolic syndrome
(51, 52), obesity (53), dyslipidemia (54), and hypertension
(55), which may lead to more severe chronic diseases, such
as cardiovascular diseases and some cancers (56).
Food system sustainability and reductionism
Therefore, it seems that there is a close link between
reductionism, ultraprocessed foods, and chronic diseases
(Figure 4). In addition, these foods are processed and
recombined from industrial ingredients massively produced
worldwide from monocultures and industrial farming via
food splitting and threaten biodiversity (e.g., soybean, wheat,
maize, milk, and eggs). Fractionating natural foods into
numerous ingredients and then recombining them to produce standardized worldwide ultraprocessed foods indeed
results in cheap products but is expensive for both our
health and environment. Consequently, there is also a narrow
link between reductionism, massive monocultures, loss of
biodiversity, environmental threats, and ultraprocessed foods
and chronic diseases. This equation, based on reductionism,
should be strongly addressed. Furthermore, the industrial
meat that can be found in ultraprocessed foods generally
comes from intensive animal farming that is disrespectful of
animal well-being. After all, we take the lives of animals to
prolong ours; therefore, the least we can do is to respect them
(i.e., their natural needs) until their slaughter. Our Western
diet, high in animal and ultraprocessed calories, emanates
from reductionist thinking and is therefore costly for both
human health and the environment and even more costly
when adding public health costs.
An important issue arises: Is there a unique cause to
environmental degradation, intensive animal farming, and
chronic diseases? We hypothesize that reductionism pushed

to its extreme is this unique, at least the first, cause. Intensive
conventional monocultures and animal farming for massive
and cheap food ingredient production for ultraprocessed
foods decrease both plant and animal biodiversity and
produce high quantities of greenhouse gases. Concerning
breeding, only a few species are selected for their ability to
produce as much milk or meat as possible. For a century
now, 75% of plant species have disappeared according to
estimates by the UN FAO (57). The proof of this massive
standardization of cultures is that today only 150 species
of plants feed the planet, against the tens of thousands of
plants cultivated since the birth of agriculture. Among the
150 species, only 12 plants and 5 animal species account for
75% of the world’s food. This standardization of agriculture
weakens cultures and increases the problem of preserving
biodiversity.
In contrast to monocultures, biodiversity involves holistic
thinking, recognizing interdependence between all entities—
humans, animals, and the environment—with each one
sustaining the other: for example, within the plant kingdom,
the association of cereal and pulse crops leads to less use
of chemical fertilizers. Although reductionism fractionates
a complex reality, holism is based on the links between
entities. As a result, consuming less-processed foods (i.e.,
not fractionated-recombined and ultraprocessed foods) may
stimulate biodiversity in our diet, in animal breeding, and in
the environment. Today, we have developed, from farm to
fork, reductionist and unsustainable agronomic value chains.
Developing sustainable food systems likely involves returning to more holistic approaches, recognizing interconnectedness between humans, animals, and the environment. One
should not forget that, in the past, philosophy was strongly
associated with science: for example, the reductionism of
Descartes applied to science. Therefore, the same can be done
with holism.
On the basis of holistic thinking, we now propose what we
call “the 3 golden rules for healthy, ethical, and sustainable
diets.” Indeed, these rules could not flow from reductionist
thinking as is the case today (i.e., an approach based only on
the composition or calorie contents of foods).

A Proposed Holistic Solution: The 3 Golden
Rules to Preserve Human Health, Animal
Welfare, and the Environment (Biodiversity and
Climate)
The 3 golden rules encompass all former reductionist
nutrition recommendations based on the nutrient approach
only, but when applying them we also protect human
health, animal welfare, biodiversity, and the environment
(pollution, biodiversity, climate, etc.). In French, they are
the 3 Vs for “Végétal, Vrai (aliment), Varié” or “Plant, Real
(food), Varied.” In other words, they intend to include
nutrition science, even nutrient composition, using holistic
thinking and to naturally fulfill our nutritional needs without
worrying about them. Another important point is that these
3 rules are all mutually inclusive and should be applied
Holistic vs. reductionist nutrition research 661
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Rule 1: a minimum of 83% of calories from plant origin
“Prefer plant products to animal products in a caloric ratio of
∼83% to 17% (i.e., no more than 1 calorie out of 6 of animal
origin.”

Scientific evidence strongly suggests that we must reduce
the consumption of animal calories, especially red meat,
for protecting both health and the environment (56, 62–
67). Many dietary patterns with less meat than in the
classic Western omnivorous diet have been associated with
lesser prevalence of chronic diseases and their risk factors,
such as vegetarian (68), flexitarian (69), Mediterranean (70,
71), prudent (72), or Okinawan diets (58). Thus, a Dutch
study has reported that a one-third substitution of meat
(all meats combined) with other foods (vegetables, cereals,
fish) significantly increased survival rates (6–19%) after
16 y in a cohort of 40,011 subjects, and reduced greenhouse
gas emissions (4–11%) and land use (10–12%) (73). All
the above-mentioned diets are characterized by less or no
meat at all and overall fewer animal calories than the
Western diet. For example, the vegetarian diet recommends
2–3 servings of dairy products or eggs/d; the flexitarian
diet recommends 1–2 servings of fish and meat/wk; the
Okinawan diet suggests 3–8 servings of animal products/wk,
excluding meat; and the Mediterranean diet recommends 3.5
servings of animal products/d. In addition, epidemiologic
studies show that adherence to a diet rich in minimally
processed plant products is good for health and decreases
the risk of metabolic dysregulation and the chronic diseases
of industrialization (56, 74–77). As we suggested previously,
the recommended daily percentage of animal calories should
protect human health, animal welfare, and environmental
biodiversity and climate. What could be this percentage
worldwide for the future? On the basis of the above protective
diets, it seems reasonable not to exceed 2–3 servings of
animal products/d.
In 2009, the prospective French National Institute for
Agricultural Research or Institut National de la Recherche
Agronomique; Cirad is Centre de coopération internationale
en recherche agronomique pour le développement (INRACIRAD) “Agrimonde” report (78) proposed a trend-breaking
scenario (Agrimonde 1) to achieve worldwide sustainability
of our food systems and properly feed the world population
by 2050 (probably 9.1 billion human beings)—that is, our
agricultural environment should provide ∼2500 kcal · d−1
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· inhabitant−1 from plants (83%) and ∼500 kcal · d−1 ·
inhabitant−1 from animals (17%), including the calories that
are lost between the purchase of products and their ingestion.
The assumption of food availability retained for 2050 is
therefore 3000 kcal · d−1 · inhabitant−1 in all regions of
the world while maintaining certain regional specificities,
perceptible in the decomposition of animal calories by source
(monogastric, ruminants, and fish products). Currently, food
availability varies between 4500 kcal · d−1 · inhabitant−1
for the United States and <2500 kcal · d−1 · inhabitant−1
for sub-Saharan Africa. In the United States and in all
developed countries in general, on the basis of 4500 kcal
· d−1 · inhabitant−1 provided by agriculture, 800 kcal
are lost in the field (diseases, insects, storage, etc.), and
1500 kcal are dedicated to feeding animals, which only
restores an average of 500 kcal on the plate. Then, 800 kcal
are still lost in waste.
A percentage of 17% of animal calories/d is globally in
agreement with the number of servings of daily animalbased foods encountered in the protective complex diets cited
above (i.e., 2–3 servings/d). For example, the daily consumption of 1 serving of cooked egg, cooked fish/beefsteak, and
yogurt amount to ∼20% of calories from animals.
This implies, for countries that consume a high amount
of animal calories—generally, >25% for many developed
countries (79)—that they need to decrease by at least
one-third their animal calorie consumption. This could be
advantageously reached by replacing them with grain-, seed-,
and nut-based foods, mainly whole-grain cereals/pseudocereals (rich in complex carbohydrates), legume seeds (rich
in proteins), and nuts (rich in lipids), which are underconsumed in the major developed countries [the replacement by
fruit and vegetables, if desirable for health, has been shown to
be largely less sustainable, notably in terms of greenhouse gas
emissions (80)]. For example, in France, their consumption
is <14 (81), 8 (82), and 4 (82) g/d, respectively. In addition,
these grains and seeds are sustainable, easy to store for a
long time, and rich in low-glycemic and fiber, minerals,
and vitamins, and the combination of cereals and legumes
is well known to supply all essential amino acids, as in
animal-based products. In addition, due to their solid
matrix, they are generally considered as quite satiating (83–
85). This way of eating is similar to the currently available
flexitarian or semi-vegetarianism diets. The increasing
number of the consumers of these new diets is an indicator
that demand for healthier foods is increasing, and public
policies may help by providing support to producers and
retailers.
It seems that a ratio of 83 to 17 would also be in agreement
with the calculated reduction in animal calories to reach
substantial greenhouse gas reduction. Perignon et al. (86)
wrote in a recent review about this issue: “Reductions in meat
consumption and energy intake were identified as primary
factors for reducing diet-related greenhouse gas emissions.
The choice of foods to replace meat, however, was crucial,
with some isocaloric substitutions possibly increasing total
diet greenhouse gas emissions.”
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together, not only singly; the first rule without the 2 others
is meaningless.
More generally, all nutritional sciences, whether in vitro
or in vivo, both in animals and humans, converge toward a
universal protective diet—that is, a diet rich in minimally
processed and varied plant-based foods. In addition, it is
relevant to observe that all complex protective diets are
rich in minimally processed and diversified plant-based
foods and basically fulfill the 3 golden rules. These are
notably the Okinawan (58), prudent (59), vegetarian (60),
and Mediterranean (61) diets.

of those in developed countries. However, although being
rich in animal calories, both the Maasai and Inuit diets are
characterized by minimally processed foods.
Rule 2: a maximum of 15% of calories from
ultraprocessed foods
“Within plant and animal products, emphasis should be
given to unprocessed, minimally or (normally) processed
foods (i.e., foods which are not a recombination of ingredients already isolated from complex natural foods by
fractionation or cracking) in a ratio of 85% to 15%, meaning
no more than 1 calorie out of 6 from ultraprocessed foods.”

Since the end of the World War 2, the entire world
has been undergoing a great nutritional transition: the
transition from normally to ultraprocessed products (95),
which culminated in the 1980s (96). It is the first time in
the history of mankind that we have subjected our bodies
to such a large extent to artificial food matrices and to so
many ingredients and additives of strictly industrial origin.
When regularly consumed, ultraprocessed foods become
deleterious to health, and even more so when they constitute
the basis of our diet (44, 50–55). Therefore, it is logical to
advise not to consume too much of these foods, whether
they are derived from plant or animal origin. In addition,
it has been recently shown that the increase in servings
of ultraprocessed (termed “unhealthy” in the study) plantbased foods increases the risk of coronary heart diseases
in the same way as the increase in animal-based foods
(97). However, which ultraprocessed calorie percentage to
follow as a daily limit is even more difficult to precisely
specify. However, some studies led worldwide, notably
with the international NOVA (“new” in Portuguese) food
classification, may provide an approximate and first estimate
of this percentage.
In the first cross-sectional study, the amount of ultraprocessed calories consumed was calculated in 30,243
individuals aged ≥10 y from the 2008–2009 in the Brazilian
Dietary Survey (53). After multivariate adjustment for the
risk of being obese, there was a significant increase of 29%
beyond the 13% of calories from ultraprocessed foods (% of
total energy), that of being overweight significantly increased
by 17% beyond the 22% of calories from ultraprocessed foods
(% of total energy), whereas BMI significantly increased by
0.33 beyond the 13% of calories. In the second cross-sectional
study performed in 55,970 Brazilian households, the authors
observed a significant and positive linear trend across
quartiles of calories of ultraprocessed products (P < 0.001)
for overweight, obesity, and mean BMI (z score) (i.e., from
220.0 to 564.3 kcal/d) (98). In the third cross-sectional study
performed in 210 Brazilian adolescents, high consumption of
ultraprocessed foods (>1245 g ultraprocessed foods/d) was
significantly (P = 0.012) associated with the prevalence of
metabolic syndrome (51). These results were confirmed in an
indigenous Cree (Eeyouch) population in northern Quebec,
in which only the dietary intake of ultraprocessed products
was significantly associated with metabolic syndrome risk
Holistic vs. reductionist nutrition research 663
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Green et al. (66) reported in 2015: “Our dietary optimizations show that emissions reductions can be achieved
by reducing consumption of animal products, switching to
meats and dairy products with lower associated emissions
(e.g., pork, chicken, and milk), reducing consumption of
savory snacks, switching to fruits and vegetables with lower
emissions, and increasing consumption and cereals. The
optimized diet stops short of suggesting that the universal
adoption of vegetarianism or veganism is essential (which
will not be currently acceptable to large sections of the
population).” To reach a 60% reduction in greenhouse gas
emissions, they calculated a drastic reduction in animalbased foods: 50% for red meat, 33% for white meat, and
50% for eggs and dairy products. In another study about the
western Dutch diet, it was reported that a sustainable healthy
consumption scenario would involve a reduction of –65% for
red meat, –56% for fish, and –22% for cheese consumption
(63). In addition, greenhouse gas emissions from foods
were shown to be inversely related to the healthfulness of
the diet (87, 88). Furthermore, a recent systematic review
reported that reductions in environmental footprints were
generally proportional to the magnitude of animal-based
food restriction (64).
A few words about animal welfare are also necessary: there
is no need to show that by reducing our animal calories we
will consequently relieve animal intensive breeding through
restriction of demand. Although it can be accused of bias,
because of its militant reputation, the CIWF (Compassion In
World Farming) considers that ∼2 animals out of 3 are bred
in intensive conditions worldwide, and these conditions are
often unrelated to animal welfare. The idea behind animalbased food reduction is that, for the same price, animal
products of better quality and often derived from better
breeding conditions, such as organic or extensive ones, can
be consumed.
However, it seems that there are exceptions to this first
golden rule: the diets of the Inuit and Masai are rich in
animal calories. Although they have a lower life expectancy
than Western populations, it is difficult to ascertain whether
or not this lower life expectancy is linked to the nutrition
transition—characterized by a decline in the consumption
of nutrient-dense traditional foods originally gathered by
Inuit from their local environment, concurrent with an
increase in the consumption of non–nutrient-dense/energydense market foods (89–91)—or whether other factors linked
to medical care overall are involved. They are, however, an
exception, and they have adapted to their specific environment, which cannot be extrapolated to >9 billion people in
2050. In addition, the Inuit have a unique genetic mutation
that acts on metabolism and provides for neutralizing the
negative effects of a diet rich in marine mammal fats (i.e.,
fatty seafood), their main source of foods (92). Concerning
the Maasai’s traditional diet, it consists of blood, milk,
animal fat, honey, and tree bark (93). They are only a few
of those who are affected by chronic diseases, especially
cardiovascular diseases (94). Then, once infant mortality
has been overcome, their life expectancy is similar to that
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indicator, reflecting potential increased risks of chronic
diseases, deterioration of animal welfare, and threats for the
environment. Concerning nutrition, these products, being
for the most part composed of empty calories, may also be
associated with nutrient deficiencies, high glycemic index,
and poor satiety potential. In other words, ultraprocessed
foods represent “the tip of the iceberg,” hiding other threats
to animal and environmental biodiversity. Therefore, a decrease in their consumption may well reflect an improvement
in these 3 dimensions of life—that is, humans, animals, and
the environment.
Rule 3: among non-ultraprocessed foods, eat
diversiﬁed, preferably local, organic and seasonal foods
“Within unprocessed, little or normally processed foods, one
should diversify by privileging organic, seasonal and local
foods whenever possible”.

It is not sufficient to advise “Eat diversified”; we
should add “among non-ultraprocessed foods.” Indeed,
because ultraprocessed foods are empty calories, to eat
various ultraprocessed foods is the same as eating only
a few ultraprocessed foods. This is only calories. In this
way, food biodiversity is a strategy to avoid nutritional
deficiencies.
Nutritional deficits have different origins depending on
whether one lives in an emerging country or in a developed
country. The diet in emerging countries is a monotonous diet
of minimally processed foods; so little is diversified that is at
stake. In these countries, populations, especially rural, have
no choice but to consume cereals, albeit not very refined, but
always of the same variety. Sometimes they pair this cereal
with a legume, but very often, it is the same foods (e.g.,
sorghum with niebe bean in some parts of Africa) without
diversification of other food groups (diets low in fruits,
vegetables, and animal products). This dietary monotony,
combined with a high consumption of phytates, which reduce
the absorption of minerals (105), leads to nutritional deficits
that are harmful to long-term health, such as goiter (iodine
deficiency), anemia (iron deficiency), or blindness (vitamin
A deficiency). In developed countries, it is the industrial diet
that is too rich in ultraprocessed foods that is to blame; these
foods, refined to the extreme, have lost many of their protective micronutrients, resulting in deficits of certain minerals
and vitamins (48, 106, 107). As a consequence, increased
consumption of high amounts of ultraprocessed foods is
concomitant with increased consumption of nutritional
supplements, probably to correct “empty” calories with fiber
and micro- and phytonutrients, such as in the United States
(108) but also now increasingly in France (68). However, their
protective effects have not been truly shown, as discussed
previously (34, 35).
If focusing on the degree of food processing by encouraging people to limit ultraprocessed foods is essential
to fight against the development of chronic diseases of
industrialization, food biodiversity is essential to fight against
nutritional deficits. Several nutritional studies in humans
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(52). Then, in a recent prospective study in 345 children
of low socioeconomic status, the data suggest that early
ultraprocessed product consumption (>33% total energy
intake) played a role in altering lipoprotein profiles between
3–4 y (preschool) and 7–8 y (school age) (54). The percentage
of daily energy provided by processed and ultraprocessed
products was 42.6% ± 8.5% (mean ± SD) at preschool age
and 49.2% ± 9.5% at school age, on average.
In the same way, a systematic review that included 26
studies concluded that most studies found positive associations between the consumption of ultraprocessed food and
body fat during childhood and adolescence (50). Conversely,
among 302 Lebanese adults, participants in the highest
quartile of the “minimally processed/processed” (quantity
not given) pattern had significantly lower odds for metabolic
syndrome (OR: 0.18; 95% CI: 0.04, 0.77), hyperglycemia
(OR: 0.25; 95% CI: 0.07, 0.98), and low HDL cholesterol
(OR: 0.17; 95% CI: 0.05, 0.60) (99). Furthermore, the recent
Nutrinet cohort study reported that “a 10% increase in the
proportion of ultraprocessed foods in the diet was associated
with a significant increase of greater than 10% in risks of
overall and breast cancer” and conversely an increase of 10%
minimally processed foods was associated with a reduced risk
of 9% overall cancer (100). In another Spanish cohort [the
Seguimiento Universidad de Navarra (SUN) project] who
was free of hypertension at baseline, a significant increase
of 21% in the incidence of hypertension risk was observed
after 9.1 y in the tertile consuming 5.0 ± 1.7 servings of
ultraprocessed foods/d as defined by NOVA (55), with a
significant linear trend (P = 0.004) from 2.1 to 5.0 servings/d.
Within the same SUN cohort, this research team also
calculated that incident overweight and obesity significantly
increased by 15% as soon as an average of 2.7 servings of
ultraprocessed foods/d (P-trend = 0.001 for the quartiles)
(101) was reached. Finally, Moreira et al. (102) recently
calculated that cardiovascular disease mortality might be
reduced by 29% via reducing the intake of saturated fat, trans
fat, salt, and added sugar from ultraprocessed foods by 75%.
Although further studies are obviously needed, notably
prospective cohort studies, it seems that as soon as the
daily intake of 13% of calories from ultraprocessed foods
is reached, the obesity risk may begin to significantly
increase (53). While awaiting new studies, as a precaution,
a recommendation might be to not exceed ∼10–15% of daily
energy from ultraprocessed foods, which would correspond
to a maximum of ∼2 servings/d.
This change in food classification is of great interest for
public health because the association with chronic diseases
seems to have a greater link to the degree of processing than
to the usual food groups, such as dairy, red and white meats,
eggs, fruits, vegetables, legumes, and cereals (103). This has
led Brazilian epidemiologists to replace usual food pyramids
with technological pyramids, such as those published in the
dietary guidelines for the Brazilian population (Figure 6)
(104).
In conclusion, a high percentage of ultraprocessed food
consumption appears to be a good holistic (nutritional)

Processed food

Fresh pineapple

Canned pineapple

Ultraprocessed
foods
Juice powder

Natural food

Processed food

Corn cob

Canned corn

Ultraprocessed
foods
Corn snack

Natural food

Processed food

Fresh fish

Canned fish

Ultraprocessed
foods
Fish nuggets

FIGURE 6 Brazilian technological pyramids from minimally to ultraprocessed foods. Reproduced from reference 104 with permission
from Brazilian Ministry of Health.

have shown that dietary biodiversity is beneficial to the body
for certain functions. We report here 2 studies that are very
telling. The first is an interventional study carried out in
healthy women. It showed that, at equal energy intake, a meal
based on 18 botanical families led to a better antioxidant
status than a meal based on 5 botanical families (109).
The authors concluded that botanical diversity plays a role
in the bioactivity of a diet rich in fruits and vegetables
and that small amounts of a myriad of phytonutrients are
more beneficial to health than large quantities of a small
number of phytonutrients. In the second study, which was
cross-sectional, the researchers focused on cognitive abilities.
They observed that people whose consumption of plant
products was highly diversified had a significantly improved
cognitive status compared with those whose diet was not very
diversified (110). The authors concluded that the variety, not
the total amount, of fruits and vegetables provides cognitive
protection in adults.
The beneficial effects of food biodiversity on health
can be explained by mechanisms of nutrient synergy,
complementation, and/or additivity. Variety takes
precedence over quantity because protective phytonutrients

act in synergy: the whole is greater than the sum of the parts
(42). The existence of a synergistic effect suggests natural
interactions between constituents whose effect is beneficial
to health. This is the illustration of the famous adage “Unity
is strength” (i.e., united individuals exhibit more force than
the sum of the forces of these same individuals taken in
isolation). In addition, when you break up the food or
isolate the constituents of their matrix, you destroy those
interactions. For example, a mixture of rutin, p-coumaric
acid, abscisic acid, ascorbic acid, and sugar solution was
significantly more antioxidant in nature than the sum of their
components (111).
This brings us to the concept of “food packages.” Our
research has led us to focus, in particular, on the “packages”
of antioxidants and lipotropes in cereal products (37–39). In
the wheat grain, there are >34 antioxidant compounds (38),
and it is very likely that we are still far from the mark.
Thus, many constituents of the same food can contribute
to the same function in the body but according to different
mechanisms. For example, in wheat grain, polyphenols can
trap free radicals limiting their bioreactivity, some trace
elements can act as essential cofactors of antioxidant enzymes
Holistic vs. reductionist nutrition research 665
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Natural food

How to apply these rules
We are aware of the difficulty in applying these 3 golden rules,
particularly with respect to the economic challenges of eating
local, organic, and seasonal foods. However, “difficult” does
not mean “impossible.” We think this could be achieved at
3 levels: 1) informing the consumer, 2) educating children
to consume preventive and holistic diets, and 3) favoring
the access to cheap, healthy, and minimally processed foods.
In addition, the agro-food industry is able to develop lessprocessed foods (e.g., pasta with legumes or vegetables) (115)
or by using less drastic processing to reach the same shelf life
for minimally processed foods than for ultraprocessed foods
(e.g., high-pressure and pulsed electric fields) (116).
Concerning local aspects of organic and seasonal foods,
it is highly likely that reaching 100% is not desirable
or fully realistic. In a recent review, Coelho et al. (117)
concluded the following: “we need more data that can provide
information on the environmental, economical and health
impacts resulting from the consumption of locally produced
food compared to those produced far from the place of
consumption […] However, in general, the consumption
of local foods, produced in ways adapted to the local
environment and the use of technologies with ecological
conditions, is certainly one positive factor in promoting
improvements to the health of the environment, the economy
and society in general.”
Interestingly, it has also been observed in the United States
that the greater the number of smaller local food retail outlets
in a location, the lower the rate of obesity and diabetes in
that location (118). Thus, as suggested above, increasing the
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availability and affordability of healthy foods appear to be key
strategies to improving diet and health (119). Furthermore,
in a recent study, Schmitt et al. (120) associated the local and
intermediary products with aspects of care and links to the
territory, such as biodiversity, animal welfare, governance,
or resilience, and concluded that “distance is not the most
critical factor in improving sustainability of food products,
and that other criteria of localness (identity, governance or
size) play a more critical role.”
To conclude, it is likely that a good balance of seasonal
foods, between local and global foods and between organic
and conventional foods should be found to address nutritional challenges and issues. Indeed, consuming 100% local
in some world regions would probably threaten the life of
populations (e.g., in some desert areas).

Toward the Regionalization of Healthy Diets
We have defined the 3 golden rules for a healthy, ethical, and
sustainable diet. What is interesting is that these 3 golden
rules are generic enough to be applied by almost everyone
on the planet regardless of the environment, except perhaps
by some populations such as the Inuit of the North American
Arctic, who are accustomed to a predominantly meat-based
diet.
Considering the example of France, if Southern populations can easily adhere to the Mediterranean diet, the culinary traditions that are very different in the North, West and
East require consideration. In the North, many potatoes are
traditionally eaten, in the West more seafood is consumed,
and in mountainous areas more cheeses are consumed, etc.
Furthermore, climatic and agronomic conditions are also
very different, whether in terms of rainfall, temperature, or
soil quality.
The concept of a “regionally healthy and sustainable
diet” implies developing healthy diets consistent with all
dimensions of sustainability. For example, the French Auvergne region ranks first at the national level for the
production of beef. Auvergne also has a large number of
sheep. Vegetable production occupies one-fifth of the useful
agricultural surface, the wheat being the most cultivated
cereal. The region is also known for its cheese and lentil
production. Can we define a sustainable healthy diet from
these characteristics? The answer is certainly yes. Adopting
a healthy and sustainable diet in Auvergne means acquiring
supplies preferentially from local producers, within short
distances, and consuming as much as possible from seasonal
plant products. It may also mean reducing beef production in
favor of more crops such as legumes or fruits and vegetables
that are compatible with the Auvergne climate. However, it
is not to say that we cannot consume nonlocal foods such as
tropical fruits, coffee, tea, and chocolate, but the truth is we
should probably rebalance the ratio of international to local
foods in a more sustainable way.
Then, on a food basis consisting of grains and seeds, each
can diversify his or her diet taking into account preferences,
traditions, beliefs, economic conditions, sensitivity to animal
welfare, culture, religion, etc., while trying to adhere as much
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(e.g., manganese with the enzyme superoxide dismutase or
selenium with the glutathione peroxidase), and other compounds such as vitamin E can stop oxidation reactions in the
lipid membranes of the body’s cells (112). Similarly, one and
the same constituent can have several protective functions
within the human body, what we call multifunctionality
(Figure 7). For example, it has been shown that ferulic acid,
one of the major polyphenols of wheat, can be antioxidant,
acting on cell signaling, antidiabetic, anti-inflammatory,
anticarcinogenic, antiapoptotic, hepatoprotective, neuroprotective, hypotensive, and even antiatherogenic, depending
on the doses used (113). In addition, we can extend for
all of the bioactive compounds of all foods. This dual
complexity linked to multifunctionality and synergy of action
strongly suggests minimizing the current process of refining,
fractionating, and recombining foods and then enriching
them at high doses with supposedly bioactive compounds
that are isolated from their initial matrix.
In addition, it is important to note that the quality can
also differ between the same foods based on how they
are grown (for plants) or raised (for animals). Concerning
organic agriculture, plant-based foods have generally better
nutritional densities, notably in antioxidants, and cows
pastured on grass, compared with cows raised on soy and
cereal cakes, produce a milk richer in conjugated linoleic acid
and omega-3 FAs (114).

Several constituents may contribute to the same function:

↓ Oxida ve stress
(involved in more
than 100
pathologies)

Synergy

One component may contribute to several physiological functions:

Fibers

Multi functionality

Transit
Satiety
Glycemic response
Short chain fatty acid
production
Microbiota
...

FIGURE 7 The double complexity of the food health potential: synergy and multifunctionality. Reproduced from reference 75 with
permission.

as possible to the 3 golden rules. This would represent a
relevant synthesis of scientific results and regional realities
while combining local and international foods.

Conclusions and Perspectives
Nutrition is a holistic scientific discipline, in essence, that
can be supplemented by reductionist studies—for example,
to understand the metabolic fate of nutrients. In addition, we
should operate with ≥4 paradigm shifts to improve preventive nutrition and human nutrition research, as follows:
1) Provide more space to holism and think from holism to
reductionism. We must begin with global thinking and,
second, carry out reductionist studies when necessary that
serve the initial holistic question in a virtuous circle.
2) Adopt a new food classification on the basis of their
degree of transformation for epidemiologic studies. This
challenge has already been noted by Monteiro and his
colleagues (the founders of the NOVA classification) (45)
and new studies are underway.
3) Do not restrict the health potential of foods to only their
nutritional composition (quantitative and reductionist
aspects) but include the characteristics of the physical
structure of the matrix (qualitative and holistic aspects).
It is only at this price that we can effectively combat the
growing development of industrial diseases.
4) Define the need for more targeted primary preventive
nutrition, as opposed to the actual prominent curative
nutrition deriving from unhealthy foods and diets.
In addition to reductionism, holism is now essential if we
are to reconcile humankind with its environment (including
animals and nature), health, and diets. This will involve a
significant change in the way we think. This will require
us to completely reconsider how we conduct studies in the
nutrition sciences. It is a huge but exciting challenge that
we are facing if we are to develop sustainable diets by 2050.

We have entered a new food or nutritional transition,
so we need to move toward less-processed foods and more
plant-based products. Buying food is an essential act for
everyone because we are all interconnected: therefore, if
we buy an ultraprocessed food of animal origin containing
ingredients from all over the world, we may contribute to
the impoverishment of peasants in developing countries, to
animal maltreatment, and to deforestation of certain parts of
the world. It is up to us to choose; we are responsible, and it
is now possible to have access to nutritional information and
to sustainable foods in supermarkets worldwide. It is only at
this price that we can advance in the right direction, for us,
the animals, and the planet as a whole. Why do sustainable
diets based on grains and seeds remain niche diets in our
Western countries when promoting a sustainable food system
is possible directly from foods sold in our supermarkets?

Acknowledgments
Both authors are responsible for all aspects of the manuscript.

References
1. Scrinis G. Nutritionism—the science and politics of dietary advice.
Columbia University Press, New York, USA, 2013.
2. Mathers CD, Loncar D. Projections of global mortality and burden of
disease from 2002 to 2030. PLoS Med 2006;3(11):e442.
3. Cordain L. The nutritional characteristics of a contemporary diet
based upon Paleolithic food groups. J Am Nutr Assoc 2002;5:15–
24.
4. Eaton SB, Eaton SB. Paleolithic vs. modern diets—selected
pathophysiological implications. Eur J Nutr 2000;39:67–70.
5. Kendrick M. The great cholesterol con: the truth about what really
causes heart disease and how to avoid it. Updated edition. John Blake
Publishing Ltd., London, UK, 2008.
6. Nettleton JA, Brouwer IA, Geleijnse JM, Hornstra G. Saturated fat
consumption and risk of coronary heart disease and ischemic stroke: a
science update. Ann Nutr Metabol 2017;70:26–33.
7. Morio B, Fardet A, Legrand P, Lecerf J-M. Involvement of dietary
saturated fats, from all sources or of dairy origin only, in insulin
resistance and type 2 diabetes. Nutr Rev 2016;74:33–47.

Holistic vs. reductionist nutrition research 667

Downloaded from https://academic.oup.com/advances/article-abstract/9/6/655/5094771 by INRA (Institut National de la Recherche Agronomique) user on 30 November 2018

More than
34
antioxidants

668

Fardet and Rock

26. Fardet A, Dupont D, Rioux L-E, Turgeon SL. Influence of food
structure on dairy protein, lipid and calcium bioavailability: A
narrative review of evidence. Crit Rev Food Sci Nutr 2018. doi:
10.1080/10408398.2018.1435503. [Epub ahead of print].
27. Fardet A. A shift toward a new holistic paradigm will help to preserve
and better process grain product food structure for improving their
health effects. Food Funct 2015;6:363–82.
28. Hoebler C, Karinthi A, Devaux M-F, Guillon F, Gallant D J G, Bouchet
B, Melegari C, Barry J-L. Physical and chemical transformations
of cereal food during oral digestion in human subjects. Br J Nutr
1998;80:429–36.
29. Kong F, Singh RP. Disintegration of solid foods in human stomach. J
Food Sci 2008;73:R67–80.
30. Fuller S, Beck E, Salman H, Tapsell L. New horizons for the study of
dietary fiber and health: a review. Plant Foods Hum Nutr 2016;71:1–
12.
31. Vitaglione P, Napolitano A, Fogliano V. Cereal dietary fibre: a natural
functional ingredient to deliver phenolic compounds into the gut.
Trends Food Sci Technol 2008;19:451–63.
32. Fardet A. Chapter 3 - Characterization of the degree of food processing
in relation with its health potential and effects. Adv Food Nutr Res.
2018;85:79–121.
33. Fardet A. Editorial—food health potential is primarily due to its
matrix structure, then nutrient composition: a new paradigm for
food classification according to technological processes applied. J Nutr
Health Food Eng 2014;1:31.
34. Fardet A. Complex foods versus functional foods, nutraceuticals and
dietary supplements: differential health impact (part 2). Agro FOOD
Industry hi-tech 2015;26:20–2.
35. Fardet A. Complex foods versus functional foods, nutraceuticals and
dietary supplements: differential health impact (Part 1). Agro FOOD
Industry hi-tech 2015;26:20–4.
36. Campbell CT, Jacobson H. Whole: rethinking the science of nutrition.
BenBella Books Publishing, Dallas, Texas, U.S., 2013.
37. Fardet A. New approaches to studying the potential health benefits
of cereals: from reductionism to holism. Cereal Foods World
2014;59:224–9.
38. Fardet A. New hypotheses for the health-protective mechanisms of
whole-grain cereals: what is beyond fibre? Nutr Res Rev 2010;23:65–
134.
39. Fardet A, Martin J-F, Chardigny JM. Lipotropic capacity of raw plantbased foods: a new index that reflects their lipotrope density profile. J
Food Comp Anal 2011;24:895–915.
40. La Berge AF. How the ideology of low fat conquered America. J Hist
Med Allied Sci 2008;63:139–77.
41. Johnston JL, Fanzo JC, Cogill B. Understanding sustainable diets: a
descriptive analysis of the determinants and processes that influence
diets and their impact on health, food security, and environmental
sustainability. Adv Nutr 2014;5:418–29.
42. Fardet A, Rock E. Toward a new philosophy of preventive nutrition:
from a reductionist to a holistic paradigm to improve nutritional
recommendations. Adv Nutr 2014;5:430–46.
43. Monteiro CA. Nutrition and health: the issue is not food, nor nutrients,
so much as processing. Public Health Nutr 2009;12:729–31.
44. Monteiro C, Cannon G, Levy R, Moubarac J-C, Jaime P, Martins AP,
Canella D, Louzada M, Parra D. The star shines bright. World Nutr
2016;7:28–38.
45. Moubarac J-C, Parra DC, Cannon G, Monteiro CA. Food classification
systems based on food processing: Significance and implications for
policies and actions: a systematic literature review and assessment.
Curr Obes Rep 2014;3:256–72.
46. Darmon N, Vieux F, Maillot M, Volatier J-L, Martin A. Nutrient
profiles discriminate between foods according to their contribution
to nutritionally adequate diets: a validation study using linear
programming and the SAIN, LIM system. Am J Clin Nutr
2009;89:1227–36.
47. Fardet A, Méjean C, Labouré H, Andreeva VA, Féron G. The degree
of processing of foods which are most widely consumed by the French

Downloaded from https://academic.oup.com/advances/article-abstract/9/6/655/5094771 by INRA (Institut National de la Recherche Agronomique) user on 30 November 2018

8. de Souza RJ, Mente A, Maroleanu A, Cozma AI, Ha V, Kishibe
T, Uleryk E, Budylowski P, Schünemann H, Beyene J et al.
Intake of saturated and trans unsaturated fatty acids and risk of
all cause mortality, cardiovascular disease, and type 2 diabetes:
systematic review and meta-analysis of observational studies. BMJ
2015;351:h3978.
9. Pimpin L, Wu JHY, Haskelberg H, Del Gobbo L, Mozaffarian D.
Is butter back? A systematic review and meta-analysis of butter
consumption and risk of cardiovascular disease, diabetes, and total
mortality. PloS One 2016;11(6):e0158118.
10. Blesso CN, Andersen CJ, Barona J, Volek JS, Fernandez ML. Whole
egg consumption improves lipoprotein profiles and insulin sensitivity
to a greater extent than yolk-free egg substitute in individuals with
metabolic syndrome. Metabolism 2013;62:400–10.
11. USDA, Agricultural Research Service, Nutrient Data Laboratory. USD
A National Nutrient Database for Standard Reference, release 18.
Available from: https://www.ars.usda.gov/northeast-area/beltsvillemd-bhnrc/beltsville-human-nutrition-research-center/nutrientdata-laboratory/docs/usda-national-nutrient-database-for-standardreference/. Accessed 23 April, 2018.
12. ANSES-Afssa, CIQUAL (Centre d’information sur la qualité des
aliments). Table CIQUAL. Composition nutritionnelle des aliments.
Available from: https://ciqual.anses.fr/. Accessed 23 April, 2018.
13. Deschasaux M, Julia C, Kesse-Guyot E, Lécuyer L, Adriouch
S, Méjean C, Ducrot P, Péneau S, Latino-Martel P, Fezeu LK
et al. Are self-reported unhealthy food choices associated with an
increased risk of breast cancer? Prospective cohort study using the
British Food Standards Agency nutrient profiling system. BMJ Open
2017;7(6):e013718.
14. Drewnowski A. Defining nutrient density: development and validation
of the Nutrient Rich Foods Index. J Am Coll Nutr 2009;28:421S–6S.
15. Neveu V, Perez-Jimenez J, Vos F, Crespy V, du Chaffaut L, Mennen L,
Knox C, Eisner R, Cruz J, Wishart D et al. Phenol-Explorer: an online
comprehensive database on polyphenol contents in foods. Database
2010;2010:bap024.
16. Fardet A, Lakhssassi S, Briffaz A. Beyond nutritional-based food
indices: a data mining approach to search for a quantitative
holistic index reflecting the degree of food processing and including
physicochemical properties. Foods Funct 2018;9:561–72.
17. Grundy MML, Wilde PJ, Butterworth PJ, Gray R, Ellis PR. Impact of
cell wall encapsulation of almonds on in vitro duodenal lipolysis. Food
Chem 2015;185:405–12.
18. Grundy MM, Lapsley K, Ellis P. A review of the impact of processing
on nutrient bioaccessibility and digestion of almonds. Int J Food Sci
Technol 2016;51:1937–46.
19. Burton P, Lightowler HJ. Influence of bread volume on glycaemic
response and satiety. Br J Nutr 2006;96:877–82.
20. Moorhead SA, Welch RW, Barbara M, Livingstone E, McCourt M,
Burns AA, Dunne A. The effects of the fibre content and physical
structure of carrots on satiety and subsequent intakes when eaten as
part of a mixed meal. Br J Nutr 2006;96:587–95.
21. Wolever TM, Jenkins DJ, Kalmusky J, Giordano C, Giudici S, Jenkins
AL, Thompson LU, Wong GS, Josse RG. Glycemic response to pasta:
effect of surface area, degree of cooking, and protein enrichment.
Diabetes Care 1986;9:401–4.
22. Granfeldt Y, Bjorck I, Hagander B. On the importance of processing
conditions, product thickness and egg addition for the glycaemic and
hormonal responses to pasta: a comparison with bread made from
“pasta ingredients”. Eur J Clin Nutr 1991;45:489–99.
23. Haber GB, Heaton KW, Murphy D, Burroughs LF. Depletion and
disruption of dietary fibre: effects on satiety, plasma-glucose, and
serum-insulin. Lancet 1977;2:679–82.
24. Barbé F, Menard O, Gouar Yl, Buffiere C, Famelart MH, Laroche B,
Feunteun Sl, Remond D, Dupont D. Acid and rennet gels exhibit strong
differences in the kinetics of milk protein digestion and amino acid
bioavailability. Food Chem 2014;143:1–8.
25. Chambers L. Food texture and the satiety cascade. Nutr Bull
2016;41:277–82.

48.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.
62.
63.

64.

65.

66.

67. Joyce A, Hallett J, Hannelly T, Carey G. The impact of nutritional
choices on global warming and policy implications: examining the link
between dietary choices and greenhouse gas emissions. Energy Em
Control Technol 2014;2:33–43.
68. Fraser GE. Vegetarian diets: what do we know of their effects on
common chronic diseases? Am J Clin Nutr 2009;89(Suppl):S1607–S12.
69. Derbyshire EJ. Flexitarian diets and health: a review of the evidencebased literature. Front Nutr 2017;3:55.
70. Romagnolo DF, Selmin OI. Mediterranean diet and prevention of
chronic diseases. Nutr Today 2017;52:208–22.
71. Panico S, Mattiello A, Panico C, Chiodini P. Mediterranean dietary
pattern and chronic diseases. 2014;159:69–81.
72. Villegas R, Salim A, Flynn A, Perry IJ. Prudent diet and the
risk of insulin resistance. Nutr Metab Cardiovasc Dis 2004;14:
334–43.
73. Biesbroek S, Bueno-de-Mesquita HB, Peeters PH, Verschuren
WM, van der Schouw YT, Kramer GF, Tyszler M, Temme EH.
Reducing our environmental footprint and improving our health:
greenhouse gas emission and land use of usual diet and mortality
in EPIC-NL: a prospective cohort study. Environ Health 2014;
13(1):27.
74. Yokoyama Y, Levin SM, Barnard ND. Association between plant-based
diets and plasma lipids: a systematic review and meta-analysis. Nutr
Rev 2017;75:683–98.
75. Fardet A. New concepts and paradigms for the protective effects
of plant-based food components in relation to food complexity. In:
F Mariotti, editor. Vegetarian and plant-based diets in health and
disease prevention. San Diego (CA): Elsevier/Education, Reference
and Continuity; 2017. p. 293–312.
76. Macknin M, Kong T, Weier A, Worley S, Tang AS, Alkhouri
N, Golubic M. Plant-based, no-added-fat or American Heart
Association diets: impact on cardiovascular risk in obese children
with hypercholesterolemia and their parents. J Pediatr 2015;166:953–9,
e1–3.
77. Satija A, Bhupathiraju SN, Rimm EB, Spiegelman D, Chiuve SE, Borgi
L, Willett WC, Manson JE, Sun Q, Hu FB. Plant-based dietary patterns
and incidence of type 2 diabetes in US men and women: results from
three prospective cohort studies. PLoS Med 2016;13:e1002039.
78. Chaumet JM, Delpeuch F, Dorin B, Ghersi G, Hubert B, Le Cotty
T, Paillard S, Petit M, Rastoin JL, Ronzon T, Treyer S. Worldwide
agriculture and diets at horizon 2050: scenarios and challenges
for sustainable development. Collaborative work, INRA & Cirad
Publishing, Paris, France, 2009.
79. FAO, FAOSTAT. Food balance sheets. 2018 [cited 2018]. Available
from: http://www.fao.org/faostat/en/#data/FBS. Accessed 23 April,
2018.
80. Vieux F, Darmon N, Touazi D, Soler LG. Greenhouse gas emissions of
self-selected individual diets in France: changing the diet structure or
consuming less? Ecol Econ 2012;75:91–101.
81. Bellisle F, Hébel P, Colin J, Reyé B, Hopkins S. Consumption of
whole grains in French children, adolescents and adults. Br J Nutr
2014;112:1674–84.
82. French Agency for Food, Environmental and Occupational
Health & Safety (ANSES). Individual national study of food
consumption 3 (INCA 3). Collective Expert Report, Maisons-Alfort,
France, 2017. Available from: https://www.anses.fr/fr/system/files/
NUT2014SA0234Ra.pdf. Accessed 23 April, 2018.
83. Johansson EV. Barley and legume products beneficially affect
metabolic responses and appetite regulation: implicating a role of
gut fermentation in an over-night perspective [dissertation]. Division
of Applied Nutrition and Food Chemistry, Department of Food
Technology, Engineering, and Nutrition, Lund University: Lund
(Sweden); 2014.
84. Greffeuille V, Marsset-Baglieri A, Molinari N, Cassan D, Sutra T,
Avignon A, Micard V. Enrichment of pasta with faba bean does not
impact glycemic or insulin response but can enhance satiety feeling
and digestive comfort when dried at very high temperature. Food
Funct 2015;6:2996–3005.

Holistic vs. reductionist nutrition research 669

Downloaded from https://academic.oup.com/advances/article-abstract/9/6/655/5094771 by INRA (Institut National de la Recherche Agronomique) user on 30 November 2018

49.

elderly population is associated with satiety and glycemic potentials
and nutrient profiles. Food Funct 2017;8:651–8.
Julia C, Martinez L, Alles B, Touvier M, Hercberg S, Mejean C,
Kesse-Guyot E. Contribution of ultra-processed foods in the diet of
adults from the French NutriNet-Sante study. Public Health Nutr
2018;21:27–37.
Fardet A. Minimally processed foods are more satiating and less
hyperglycemic than ultra-processed foods: a preliminary study with
98 ready-to-eat foods. Food Funct 2016;7:2338–46.
Costa CS, Del-Ponte B, Assunção MCF, Santos IS. Consumption of
ultra-processed foods and body fat during childhood and adolescence:
a systematic review. Public Health Nutr 2018;21:148–59.
Tavares LF, Fonseca SC, Garcia Rosa ML, Yokoo EM. Relationship
between ultra-processed foods and metabolic syndrome in adolescents
from a Brazilian family doctor program. Public Health Nutr
2012;15:82–7.
Lavigne-Robichaud M, Moubarac J-C, Lantagne-Lopez S, JohnsonDown L, Batal M, Laouan Sidi EA, Lucas M. Diet quality indices in
relation to metabolic syndrome in an indigenous Cree (Eeyouch)
population in northern Québec, Canada. Public Health Nutr
2018;21:172–80.
Louzada ML, Baraldi LG, Steele EM, Martins AP, Canella DS,
Moubarac JC, Levy RB, Cannon G, Afshin A, Imamura F et al.
Consumption of ultra-processed foods and obesity in Brazilian
adolescents and adults. Prev Med 2015;81:9–15.
Rauber F, Campagnolo PDB, Hoffman DJ, Vitolo MR. Consumption of
ultra-processed food products and its effects on children’s lipid profiles:
a longitudinal study. Nutr Metab Cardiovasc Dis 2015;25:116–22.
Mendonca RD, Lopes ACS, Pimenta AM, Gea A, Martinez-Gonzalez
MA, Bes-Rastrollo M. Ultra-processed food consumption and the
incidence of hypertension in a Mediterranean cohort: the Seguimiento
Universidad de Navarra Project. Am J Hypertens 2017;30:358–66.
Fardet A, Boirie Y. Associations between food and beverage groups
and major diet-related chronic diseases: an exhaustive review of
pooled/meta-analyses and systematic reviews. Nutr Rev 2014;72:741–
62.
FAO.
Women:
users,
preservers
and
managers
of
agrobiodiversity. 1999 [cited 2018 Feb 7]. Available from:
http://www.fao.org/docrep/x0171e/x0171e03.htm.
Willcox DC, Willcox BJ, Todoriki H, Suzuki M. The Okinawan diet:
health implications of a low-calorie, nutrient-dense, antioxidant-rich
dietary pattern low in glycemic load. J Am Coll Nutr 2009;28:500S–
16S.
Snetselaar LG, Lauer RM. The prudent diet: preventive nutrition.
In: Nutrition in pediatrics: basic science and clinical applications; W
Walker, JB Watkins, C Duggan. eds. B.C. Decker Publishing, Hamilton,
ON, Canada, PMPH USA, 2003.
Appleby PN, Key TJ. The long-term health of vegetarians and vegans.
Proc Nutr Soc 2016;75:287–93.
Hoffman R, Gerber M. Food processing and the Mediterranean diet.
Nutrients 2015;7:7925–64.
Tilman D, Clark M. Global diets link environmental sustainability and
human health. Nature 2014;515:518–22.
van de Kamp ME, van Dooren C, Hollander A, Geurts M, Brink EJ,
van Rossum C, Biesbroek S, de Valk E, Toxopeus IB, Temme EHM.
Healthy diets with reduced environmental impact? The greenhouse gas
emissions of various diets adhering to the Dutch food based dietary
guidelines. Food Res Int 2018;104:14–24.
Aleksandrowicz L, Green R, Joy EJM, Smith P, Haines A. The impacts
of dietary change on greenhouse gas emissions, land use, water use,
and health: a systematic review. PloS One 2016;11:e0165797.
Milner J, Green R, Dangour AD, Haines A, Chalabi Z, Spadaro J,
Markandya A, Wilkinson P. Health effects of adopting low greenhouse
gas emission diets in the UK. BMJ Open 2015;5(4):e007364.
Green R, Milner J, Dangour A, Haines A, Chalabi Z, Markandya
A, Spadaro J, Wilkinson P. The potential to reduce greenhouse gas
emissions in the UK through healthy and realistic dietary change. Clim
Change 2015;129:253–65.

670

Fardet and Rock

103. Fardet A, Rock E, Bassama J, Bohuon P, Prabhasankar P,
Monteiro C, Moubarac J-C, Achir N. Current food classifications
in epidemiological studies do not enable solid nutritional
recommendations to prevent diet-related chronic diseases: the
impact of food processing. Adv Nutr 2015;6:629–38.
104. Ministry of Health of Brazil, Secretariat of Health Care, Primary Health
Care Department. Dietary guidelines for the Brazilian population. São
Paulo (Brazil); Editora Brasil Ltda, Brasilia, Brazil, 2014.
105. Lopez HW, Leenhardt F, Coudray C, Remesy C. Minerals and phytic
acid interactions: is it a real problem for human nutrition? Int J Food
Sci Technol 2002;37:727–39.
106. Louzada ML, Martins AP, Canella DS, Baraldi LG, Levy RB, Claro
RM, Moubarac JC, Cannon G, Monteiro CA. Impact of ultra-processed
foods on micronutrient content in the Brazilian diet. Rev Saude Publica
2015;49:1–8.
107. Louzada ML, Martins AP, Canella DS, Baraldi LG, Levy RB, Claro
RM, Moubarac JC, Cannon G, Monteiro CA. Ultra-processed foods
and the nutritional dietary profile in Brazil. Rev Saude Publica 2015;
49:38.
108. Bailey RL, Gahche JJ, Lentino CV, Dwyer JT, Engel JS, Thomas PR,
Betz JM, Sempos CT, Picciano MF. Dietary supplement use in the
United States, 2003–2006. J Nutr 2011;141:261–6.
109. Thompson HJ, Heimendinger J, Diker A, O’Neill C, Haegele A,
Meinecke B, Wolfe P, Sedlacek S, Zhu ZJ, Jiang WQ. Dietary botanical
diversity affects the reduction of oxidative biomarkers in women due
to high vegetable and fruit intake. J Nutr 2006;136:2207–12.
110. Ye X, Bhupathiraju SN, Tucker KL. Variety in fruit and vegetable intake
and cognitive function in middle-aged and older Puerto Rican adults.
Br J Nutr 2013;109:503–10.
111. Parker TL, Miller SA, Myers LE, Miguez FE, Engeseth NJ. Evaluation
of synergistic antioxidant potential of complex mixtures using Oxygen
Radical Absorbance Capacity (ORAC) and Electron Paramagnetic
Resonance (EPR). J Agric Food Chem 2010;58:209–17.
112. Fardet A, Rock E, Rémésy C. Is the in vitro antioxidant potential of
whole-grain cereals and cereal products well reflected in vivo? J Cereal
Sci 2008;48:258–76.
113. Srinivasan M, Sudheer AR, Menon VP. Ferulic acid: therapeutic
potential through its antioxidant property. J Clin Biochem Nutr
2007;40:92–100.
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