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Cereal Grains and Carbohydrates as 
Global Food Staples

History of Grains in the Human Diet. 
Cereal grains and other carbohydrate-rich 
staple foods form the basis of most diets, 
both ancient and modern, around the 
world. Despite claims to the contrary, 
records from pottery shards show that 
grains were likely eaten prior to the ad-
vent of agriculture during the Paleolithic 
Period. Carbon dating shows evidence 
of domestication of rice as far back as 
16,000 years ago in the Yunan Province 
of China and of wheat 10,000 years ago in 
the Fertile Crescent (1,2). DNA from wheat 
strands has also been found in a hunter-
gatherer site that predates the advent of 
agriculture in the United Kingdom (3).

Cereal grains and carbohydrates (CHOs) 
have been central components of human 
diets since the beginning of agriculture 
due to several factors. First, they are reli-
able, storable, sustainable, and readily 
available sources of energy and nutrients. 
All of these are key in averting malnutri-
tion and promoting health. Second, as a 
ready source of energy grains and other 
staples spare proteins. As a result, pro-
teins, which are a more expensive dietary 
component, are not used for energy. 
Third, grains are embedded in a variety 
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of cultural, religious, and linguistic tradi-
tions around the globe. In fact, eating 
patterns and national dishes in most re-
gions combine grain(s) and other protein 
sources. Such dishes have become tradi-
tions within various cultures because they 
nourish and support the population. Mod-
ern nutrition science has documented 
that when combined and eaten in the 
right amounts cereals and other plant 
foods such as legumes or seeds, each of 
which contains an incomplete protein, 
work together to form complete proteins.

CHOs and grain-based staple foods 
played a key role in the development of 
agriculture, which in turn was vital for 
the development of human civilization, 
because a reliable supply of calories and 
nutrients enabled the specialization nec-
essary for the advancement of humanity. 
Thus, cereal grains and other CHO sources 
form a nutritional base that supports life 
and are associated with other dietary 
components that enable optimal health 
and well-being for the world’s human 
population.

Processing and Refining Grains. Near-
ly all CHO-rich staples must be processed 
in some way prior to human consump-
tion. Egyptian hieroglyphs and biblical 
texts document the separation of the 
wheat grain from the chaff and the mak-
ing of breads and other grain-based foods. 
Archeological sites around the world pro-
vide ancient evidence of grinding stones 
used for crushing grains. Some sites even 
contain evidence of sifting methods and 
separation of various parts of the grain.

The debate over use of refined flour or 
whole grains in bread was documented as 
early as the fourth century b.c.e. Plato ad-
vocated good health and longevity through 
eating locally grown, whole grain breads 
(4), whereas Socrates deemed Plato’s whole 
grain bread “pig-food”! The debate contin-

ued into Roman times, when the Roman 
historian and scientist Pliny wrote in 
a.d. 70 about the consumer preference 
for whiter breads, noting that “The wheat 
of Cyprus is swarthy and produces a dark 
bread, for which reason it is usually mixed 
with the white wheat of Alexandria.” Since 
Roman times highly refined grains were 
chosen by those who could afford them. 
Heartier breads, even today, are often re-
ferred to as peasant breads. However, 
Galen, a prominent Greek physician in 
Roman times, noted that white bread is 
the stickiest and slowest to pass and that 
brown bread is good for the bowels (5). 
Roman records show that whole grain 
meals were given to warriors and gladia-
tors for strength. In fact, gladiators were 
called hordearii—literally, “barley men” (6).

The debate continues nearly 2,000 years 
later with those who champion whole 
grains and avoid refined grains. Although 
a large body of evidence, which is sum-
marized in a paper from a recent Grains 
for Health Foundation Whole Grains 
Summit, shows that whole grains are im-
portant for health (7), there are data show-
ing that refined and enriched grains make 
important contributions to the diet as 
well (8). At the same time, however, data 
also show that overconsumption of cer-
tain foods from the grain food group, 
particularly grain-based snacks and des-
serts, provides nearly as many calories in 
the diets of U.S. adolescents as do sugar-
sweetened beverages (9,10). Both the ben-
efits of cereal grain consumption and the 
risks of overconsumption will be discussed 
in this review.

Debate Concerning the Effects of CHOs 
and Grains on Health. While debates con-
cerning grains and processing are not new, 
recent debates charge that wheat and all 
grains, even whole grains and CHO-rich 
staples, contribute to chronic diseases and 
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ing grain and wheat consumption discussed in the literature 
will also be reviewed.

The other articles in the second grouping of reviews will 
discuss the effects of CHO, grain, and wheat consumption 
on body weight maintenance and loss, blood pressure, 
metabolic syndrome, diabetes, stroke, cardiovascular dis-
ease, cancer, immunity, and longevity. Because inflamma-
tion, glycemic response, and insulin resistance all are associ-
ated with these chronic diseases, information from the first 
article in this grouping will be referred to for basic mecha-
nisms.

The third group of review articles will assess the role of 
CHOs, grains, and wheat in neurological and brain func-
tioning. The first of these will provide an overview of CHOs 
and other nutrients in brain functioning. It will include an 
introduction to specific terms and measures used in neuro-
anatomy and neurophysiology, such as cognition, working 
memory, attention, and executive functioning. The con-
tribution of nutrients and phytonutrients from CHO-rich 
staples, with a focus on grains and wheat, in promoting nor-
mal brain functioning and fighting ill effects caused by inflam-
mation will also be discussed. This article will also include 
an overview of dietary patterns, such as the dietary approaches 
to stop hypertension (DASH) and Mediterranean diets, that 
are associated with optimal brain health and neurological 
functioning.

The next set of articles will describe the relationship be-
tween CHOs, grains, and wheat and various dementias, such 
as mild cognitive impairment and Alzheimer’s, and degen-
erative disorders, such as Parkinson’s. The articles will in-
clude a look at the relationship between diabetes, insulin 
resistance, and abnormal glucose tolerance and various de-
mentias. The last article in this group will review the scien-
tific literature on the role of nutrition, CHOs, grains, and 
wheat in autism, attention deficit hyperactivity disorder 
(ADHD), major depression disorder, epilepsy, foggy brain, 
headache, multiple sclerosis, and schizophrenia.

The last two articles in the series will deal with the nutri-
tional contributions of wheat and wheat-based foods in the 
diet and address the role of cereal grains and their global 
importance in providing a sustainable supply of calories and 
nutrients for the general population. The final article will 
have a global focus on wheat and its cultivation and process-
ing and will assess similarities and differences in practices 
and uses. It will look at how wheat has evolved and contin-
ues to evolve and will describe how increases in yield and 
other factors have impacted different cultures and health. 
The cultural and nutritional contributions of wheat products 
in various regions will be compared and contrasted. The role 
of grains and wheat as part of a sustainable strategy for feed-
ing the global population in 2050 and beyond will also be 
considered.

To address many claims now occurring that disparage and 
discourage the ingestion of carbohydrates (CHOs), wheat, 
and cereal grains, even whole grains, as well as to celebrate 
the versatility, nutritional and health benefits, and contri-
bution of these foods to the world food supply, we felt com-
pelled to defend their role in the diet and write this series 
of reviews. Where data exist, cereal grains and wheat as a 
source of CHOs and other important nutrients will be the 
focus.

The first grouping of review articles in the series will give 
some history showing that CHOs and grain-based foods 
have nourished the world population for millennia. The 
difference between and nutritional importance of glycemic 
CHOs and non-glycemic CHOs (e.g., dietary fiber) in nour-
ishing the population will be emphasized. In the first review, 
the dietary recommendations for CHO and cereal grain con-
sumption published in different countries and by health pro-
motion bodies around the world will not only show striking 
concordance, but also will showcase their importance in the 
diet. The recommendations will show that CHO-rich staples, 
especially grains and whole grains, provide a low cost, versa-
tile dietary base and deserve their important role in provid-
ing 45–65% of the calories in the health-promoting diets of 
most individuals. Further, these worldwide affirmations of 
the important role of CHOs, grains, and wheat in the diet 
will derail the arguments of authors and books that suggest 
otherwise. The second review will outline and discuss ter-
minology associated with grains and whole grains and their 
processing, including definitions of whole grain, dietary fi-
ber, and resistant starch and the characterization of a whole 
grain food. This discussion is important because the terms 
used often create consumer confusion and vary from coun-
try to country. The energy, protein, and critical vitamins and 
minerals contributed by grains as builders of a balanced diet 
for most healthy individuals around the world will be dis-
cussed. The nutritional contribution and bioavailability of 
nutrients and phytonutrients from grain-based foods will 
also be discussed.

The second grouping of reviews will include a paper that 
provides an overview of the physical health impacts of CHO-
rich staple foods, including those that are wheat- and grain-
based. It will address the impacts of these foods on basic 
health, including aspects such as blood glucose, inflamma-
tion and immunity, and composition and metabolic activity 
of the microbiome. As part of this discussion, the review will 
describe how these foods are digested and how their diges-
tion impacts health outcomes in healthy people.

Further, the review will provide data regarding the small 
segment of the population who have medical conditions that 
preclude their eating wheat and other gluten-containing 
grains. This is especially important because many are at-
tributing digestive problems and exacerbation of conditions 
such as irritable bowel to gluten and wheat. Caveats concern-
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that consumption should be curtailed or 
completely eliminated from the diet.

Epidemiological studies showing that 
people who overconsume CHOs and 
grain-based foods have higher risks of 
developing obesity (11) and type 2 diabe-
tes mellitus are used to support these ar-
guments (12,13). Some suggest that con-
sumption of CHO-rich foods impairs the 
ability to manage weight and type 2 dia-
betes. Although such arguments are based 
on associations found in epidemiological 
data, they frequently have been promul-
gated as causal rather than associational 
(14). Further, although some intervention 
studies have shown that the reduction or 

elimination of CHO-rich foods in the diet, 
including wheat and grains, may result in 
short-term success in weight reduction and 
improvement in blood lipids (15), others 
show that for most individuals sustained 
weight loss and dietary adherence are not 
experienced or are lacking (16).

Finally, some authors and media spokes-
people allege that the obesity epidemic 
and a myriad of other health problems are 
caused by wheat and/or gluten in the diet 
(17). Some even recommend the avoid-
ance of all grains (18). The result is that 
there are many voices advocating the elim-
ination of wheat and grains from the diet. 
Proponents of low-CHO and paleo-type 

diets have questioned dietary advice that 
suggests 45–65% of daily calories from 
CHOs is an acceptable macronutrient dis-
tribution range. Some claim that in Paleo-
lithic times humans did not eat grains (19) 
and, therefore, posit that humans have not 
evolved to include them in their diet (20). 
Additionally, some social media sources 
and diet books are claiming that modern 
wheat and grains, through breeding and 
other processes, have morphed and no 
longer deserve to be called the “staff of 
life.” They further allege that genetic mod-
ification has created grains that are not only 
addictive, but also destructive to many 
aspects of neurological functioning and 
mental health (17,18). Some sources even 
state that grains and CHOs are “chronic 
poisons.”

Nutritional Contributions of 
CHO-rich Staples, with a Focus 
on Grains and Wheat

Major CHO-rich staples include seeds 
from cereal grass heads or rice, wheat, 
maize (corn), oats, rye, barley, sorghum, 
millet, and teff; roots and tubers such as 
potato, taro, and cassava; and seeds from 
pseudocereals such as buckwheat, ama-
ranth, and quinoa. In 2006 the AACC 
International (AACCI) Whole Grains Task 
Force compiled the list of cereal grains 
and pseudocereals found in Table I (21). 
The proximate composition of a sam-
pling of CHO-rich staples is provided in 
Table II (22,23).

CHOs as Fuel. CHOs are recognized 
by national and international authorities 
such as the World Health Organization/
Food and Agriculture Organization 
(WHO/FAO) (22) as the macronutrient 
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that humans need to consume in the larg-
est quantity. A main function of CHOs is 
as a source of readily available fuel— 
glucose. Glucose can be carried in the 
bloodstream to tissues and delivered to 
cells, where it can be readily utilized (pro-
vided that glucose tolerance is normal), or 
delivered to the liver for storage as glyco-
gen. The liver has a limited capacity for 
storing glucose as glycogen, however, so 
excess glucose is used to make fat. Proper 
utilization of fat in the body requires CHOs 
to be present.

Glucose is required by all body tissues, 
including brain tissue. The brain is a CHO 
“gas guzzler.” While it comprises only 2% 
of the body mass, it uses 20% of the fuel 
(24). Further, more recently evolved brain 
structures, such as the frontal cortex, are 
particularly sensitive to falling glucose 
levels, whereas more primitive regions, 
such as the brain stem, are less affected 
(25). This explains why a drop in blood 
sugar is associated with confused think-
ing but has little impact on physiological 
functions such as breathing that are con-
trolled by the brain stem.

The brain and nervous system run op-
timally on a constant supply of glucose, 
which either comes from CHOs supplied 
in recently eaten foods or from glycogen 
stores in muscles or the liver. Without 
glucose, the body catabolizes protein to 
supply it. Fat does provide energy to the 
muscles, but less efficiently than glucose. 
This may have advantages for those expe-
riencing caloric surfeit, but not for those 
experiencing caloric deficit. Ketone bod-
ies result when fat is metabolized without 
CHOs and can be used by the brain but 
are not considered an optimal fuel for 
most individuals (26).

Excess CHOs. Excess circulating blood 
glucose is an aspect of CHO metabolism 
that causes great concern for several rea-
sons. First, excess glucose is known to 
contribute to the synthesis of triglycer-
ides; second, it can trigger a cascade of 
inflammatory responses; and, third, it can 
lead to the development of insulin resis-
tance and type 2 diabetes mellitus. The 
latter conditions can hinder glucose entry 
into the cell, lead to glycosylation of pro-
tein, and impair functioning of all tissues, 
including brain tissues (27).

While excess CHO may impair glucose 
tolerance and insulin function (in certain 
individuals under specific conditions), it 
is not unique in this ability. Excess intake 
of fat or calories, as well inadequate intake 
of nutrients, have all been shown to cause 
inflammation and can lead to insulin re-

sistance and numerous other adverse ef-
fects (28–30).

Grains and Glycemic CHOs
A glycemic CHO is one that can be bro-

ken down and absorbed as glucose in the 
small intestine and deliver glucose to the 
bloodstream and body. In grains, the ma-
jor source of glycemic CHOs is starch, a 
polymer of glucose with a1→4 and 1→6 
linkages that is split by human amylases.

Nearly all starch in cereal grains is 
found in the endosperm, whereas the 
outer layers (bran, germ, and aleurone) 
contain almost none. In the endosperm, 
starch exists in granules, which vary by 
grain variety in size, shape, and properties 
such as crystallinity. Less than 1% of the 
CHOs in most grains are in the form of 
simple sugars, so these CHOs have little 
impact on the glycemic response caused 
by grains.

Digestion and Absorption of Glucose. 
During digestion, starch is first broken 
down by amylases to shorter polymers 
and then to maltose. Starch is broken down 
to a minor degree by salivary amylase, but 
primarily by pancreatic amylases in the 
small intestine. Maltase in the brush bor-
der completes the breakdown by splitting 
the maltose into its two glucose mono-
mers. How rapidly and completely this 
occurs depends on a number of factors, 
including the size and composition of 
the meal; type, size, and structure of the 
starch granule; particular starch moiety—
amylose or amylopectin, with its chain 
length in the starch molecule and its de-
gree and pattern of branching; ability of 
the chain to form helices or crystals (31); 
and degree of starch gelatinization.

Amylose and Amylopectin. In most 
grains starch is a mixture of two glucose 
polymers—linear amylose and branched-
chain amylopectin—in a 1:3 ratio. Amy-
lose is smaller (100–10,000 glucose units) 
and less branched than amylopectin. Amy-
lopectin is larger (10,000–100,000 glucose 
units) and more highly branched. This 
branched structure provides free ends that 
allow amylase attachment and more rapid 
glucose release. The size and extensive 
branching of amylopectin contribute to 
lower gelatinization temperatures and a 
more porous structure. Both factors favor 
faster amylase action.

Digestible and Resistant Starches. The 
amylopectin/amylose ratios in grain vari-
eties and cultivars differ widely. “Waxy” 
varieties contain mainly amylopectin, 
whereas some varieties, such as HiMaize 
or basmati rice, are higher in amylose. For 

grains that are higher in amylose, deliv-
ery of glucose to the bloodstream is slowed, 
and starch digestion may be incomplete 
(32). When digestion is incomplete, the 
undigested starch fragments move from 
the small intestine into the large bowel 
where they become “resistant starch” (RS), 
which is a form of dietary fiber (33).

Starch crystallinity also affects diges-
tion rate. Highly crystalline networks in-
hibit penetration by amylases and slow 
digestion. Repeated cooking and cooling 
remove some water held between the 
starch chains and promote crystalline 
bonding between the chains in a process 
called retrogradation. Retrograded starch 
chains also resist digestion and become a 
type of RS. In parts of Africa, such cook-
ing procedures increase RS in staple grain 
porridges (34).

Four types of RS have been delineated 
by Brown (35). RS1 is starch that is em-
bedded in a food or grain matrix, hin-
dering its availability to amylases. Such 
starches are common in foods containing 
unbroken kernels or seeds. RS2 is starch 
in a native crystalline structure that is 
poorly degraded by amylase. RS3 results 
from retrogradation of starches. RS4 is 
derived from starches that have been chem-
ically cross-linked. Some researchers sug-
gest that amylose helices with an internal 
fat core should be classified as RS5 (36).

Bread and cereal products are the great-
est contributors of RS in most diets, not 
because they are the best sources, but 
because they are frequently selected and 
eaten (37,38). Breads and cereals provide 
about one-third of the average daily in-
take of RS (≈4 g). Some countries with 
higher average intakes include China 
(14.9 g/day), Italy (8.7 g/day), and Spain 
(5.7 g/day) (39,40).

Glycemic Response and Index. Grains 
and other CHO-rich food sources of gly-
cemic CHOs directly impact blood glu-
cose. The glycemic impact of a meal or 
total diet is of great importance because 
excess circulating blood glucose or dra-
matic swings in blood glucose levels and 
attendant hormones, such as insulin, af-
fect health. However, the precise effect 
varies due to a wide range of factors.

To measure glycemic impact, the gly-
cemic index (GI) was proposed in 1981 
by Jenkins et al. (41) as a means of quan-
tifying the effect of a CHO-rich food on 
postprandial glycemia. Specifically, it 
measures the increase in blood glucose 
concentrations (the incremental area un-
der the curve of blood glucose concentra-
tions) after the ingestion of a portion of a 
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test food containing 50 g of available CHO 
compared to the area of the glucose curve 
measured after the ingestion of 50 g of a 
CHO reference food, usually glucose 
(sometimes white bread). If the CHO 
from the test food raises blood glucose 
the same amount as the reference food, 
then the ratio is represented as 100; if 
it raises it less, then the value is smaller 
than 100. Foods are typically classified as 
high GI if the GI value is between 70 and 
100, medium if the GI value is between 
56 and 69, or low if the GI value is ≤55.

Many recent books and blogs charge 
that grain-based foods should be avoided 
because of their high GI. It is true that 
some grain-based foods have a high GI. 
However, for several reasons the GI is of-
ten misunderstood and misused. First, 
many assume that the index compares equal 
amounts of food or even equal amounts 
of CHO. In actuality, it compares equal 
amounts of available CHO. For instance, 
for both whole wheat bread and white 
bread the GI value is 70, but it takes 3.5 to 
4 slices of whole grain bread and 3 slices 
of white bread to obtain 50 g of available 
CHO. Thus, eating a slice of whole grain 
bread will have a lower glycemic impact 
than a eating slice of white bread.

The GI is affected by many components 
in a food product (42). For example, fat 
interferes with the action of amylase, 
thereby lowering the GI. Dietary fibers, 
especially viscous ones, also impede the 
action of enzymes and slow the entry of 
glucose into the bloodstream. The extent 
and type of cooking or processing, par-
ticle size, ripeness, and numerous other 
factors affect the GI as well (43).

GI values in tables are derived using a 
single food under strictly controlled con-

ditions. The GI is measured for a single 
food using 10 subjects with normal glucose 
tolerance and following a strict protocol 
that includes an overnight fast and a pre-
scribed dinner. Because foods are rarely 
eaten either alone or after following a strict 
protocol, the GI values listed in tables may 
be wholly inadequate to reflect the blood 
glucose impact of foods eaten in combi-
nation. For example, bread eaten with 
olive oil or butter has a lower GI value 
than bread eaten by itself, while bread 
dipped in vinegar or sushi rice (cooked 
and cooled with vinegar added) has a 
lower GI value because of the effects of 
pH on the enzyme amylase (42). The ac-
tual effect of a food on blood glucose de-
pends on how much of the food is eaten, 
how frequently, and what other foods are 
eaten in the snack or meal (44).

Popular press publications point out that 
cereal foods such as whole wheat bread 
have a higher GI than certain candy bars, 
such as a Snickers bar (GI = 41) (17). Al-
though the comparison between an in-
dulgent snack and a staple grain is nutri-
tionally ridiculous, it does demonstrate 
that the nuts, fat, and chocolate in the 
candy bar combine with the medium GI 
component sucrose (GI = 68) to slow the 
entry of glucose into the bloodstream and 
result in a food with a lower GI than bread. 
Further, such comparisons say nothing 
about the volume of food needed to ob-
tain 50 g of available CHO or the nutrition 
delivered by the food.

Health promotion organizations vary 
concerning their acceptance of the GI. 
The American Diabetes Association notes 
that it may be used as an adjunct to CHO 
counting (45). The Australian Diabetes 
Association notes that the “GI is only a 
small part of the healthy eating plan for 
people with diabetes” (46). The American 

Heart Association (AHA) does not have 
a formal position on the GI, nor does it 
express strong support for the GI as an 
important tool in the evaluation of health 
risks, CHO quality, or diet planning. The 
AHA concludes that there are unresolved 
issues with the use of the GI as a research 
tool at this time (47).

Non-glycemic CHOs in Grains: 
Dietary Fiber

Nearly all of the CHOs found in the 
bran and germ, as well as the CHOs com-
prising the cell walls in the endosperm, 
are non-glycemic. They are not digested 
in the small intestine, which is a key tenet 
in dietary fiber definitions. Thus, they 
meet the AACCI (48) and Codex Alimen-
tarius Committee definitions of dietary 
fiber, i.e., polymers with a degree of poly-
merization ≥3 that are neither digested 
nor absorbed in the small intestine and 
are at least partially fermented in the large 
intestine and have beneficial physiologi-
cal effects (49,50). (In some countries, 
these are referred to as nonstarch poly-
saccharides.)

Dietary Fiber Functions. Dietary fiber 
is a class of diverse molecules that have 
many functions. In 2010 an agreed upon 
list of core dietary fiber functions, which 
experts attending the international 9th 
Vahouny Dietary Fiber Symposium sug-
gested had enough scientific evidence to 
support them, was created and dubbed 
the “Vahouny 9” (51):

1) Reduced blood total and/or LDL 
cholesterol levels

2) Attenuation of postprandial glyce-
mia/insulinemia

3) Reduced blood pressure
4) Increased fecal bulk/laxation
5) Decreased transit time
6) Increased colonic fermentation/short-

chain fatty acid (SCFA) production
7) Positive modulation of colonic 

microflora
8) Weight loss/reduction in adiposity
9) Increased satiety

Canadian guidelines.

Greek guidelines.

Belgian guidelines.
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Because there are vast differences in the 
polymers due to different base sugars and 
attached molecules, as well as different 
branching structures and matrices, it 
makes sense that not all dietary fibers 
perform all physiological functions. How-
ever, to be deemed a dietary fiber when 
added to a food product, the polymer 
needs to demonstrate at least one of the 
physiological effects listed above.

Since the 2010 Vahouny meeting, stron-
ger evidence has been gathered for some 
additional functions. These include bol-
stering immune functions and exerting 
anti-inflammatory effects (52).

Dietary Fiber Types. Cellulose is the 
predominant dietary fiber in many plant-
based foods, including grains, because it 
forms the cell walls of all plants. It is com-
posed of glucose monomers, but human 
enzymes are unable to split the b-linkage 
between the monomers. This primary 
component of many cereal brans is very 
insoluble and slightly fermentable. There-
fore, it is very effective in aiding gut mo-
tility, increasing laxation and stool weight, 
and improving overall gut health.

The polymers that make up a “mortar-
like mixture” between the cell walls for-
merly were called pentosans. More re-
cently, they have been characterized and 
include b-glucan, fructans, arabinoxylans, 
pectins, and a variety of oligosaccharides 
(53). Many of these molecules are soluble, 
highly fermentable, and able to produce 
SCFAs. Some are viscous polymers, such 
as b-glucan found in oats and barley, which 
may slow absorption by entrapping vari-
ous dietary components. Through such 
mechanisms they help maintain healthy 
serum cholesterol and blood glucose lev-
els (54). The actual functionality is deter-
mined by the specifics of the molecule, 
e.g., branching pattern, molecular weight, 
concentration, and viscosity.

Fructans, polymers of fructose such as 
inulin, are soluble, nonviscous, and read-
ily fermentable. They improve mineral 
absorption and can alter the bacterial 

composition of the gut and act as pre-
biotics. Although they are present in a 
range of plant foods, wheat and rye are 
important sources in cereal-based foods 
(55). Inulin from wheat has been shown 
to stimulate the growth of bifidobacteria 
and inhibit growth of pathogenic bacteria 
such as Escherichia coli, Salmonella, and 
Listeria (56).

Arabinoxylans are polymers of arabi-
nose and xylose. In grains such as wheat, 
they exist in both soluble and insoluble 
forms. They have been shown to act as 
prebiotics, improving gut health and hav-
ing some systemic health effects (57). 
Arabinoxylan from rice bran has been 
shown to have positive effects on the im-
mune system and gut (58).

Dietary Fiber and SCFAs. Many of the 
effects of dietary fiber stem from its role 
in modulating the type and amount of 
bacteria in the gut. Changing the compo-
sition of the gut microbiota can have a 
positive prebiotic effect on health in that 
these changes can promote the growth of 
beneficial bacteria (59).

The fermentation of various CHO poly-
mers in the large bowel produces SCFAs 
such as acetate, propionate, and butyrate, 
which are the principal end-products that 
promote health benefits, both through 
local and systemic effects. In the colon, 
they not only lower the pH, which may be 
helpful in reducing the risk of colon can-
cer, they also provide energy, promote the 
growth and differentiation of healthy co-
lonic cells, help repair damage to colono-
cyte DNA, and induce cell death (apopto-
sis) in nonrepairable aberrant cells (60–
62). These properties provide a credible 
link between dietary fiber intake and pro-
tection against colorectal cancer (63,64).

SCFAs also can affect lipid, glucose, and 
cholesterol metabolism in various tissues 
(64). They may help counter diet-induced 
obesity through their ability to increase 
fatty acid oxidation in muscle and other 

tissues and decrease fat storage in adipose 
tissue.

Dietary Fiber and Grain Processing. 
The actual physiological benefits of the 
various dietary fibers, including RS in 
grain-based foods, depend on the type 
and extent of milling; resultant particle 
size; fiber type, solubility, viscosity, and 
molecular weight; linkage patterns; and 
compounds attached to the fiber complex. 
Thus, processing can both increase and 
decrease the effects of a dietary fiber by 
altering its molecular weight (65), viscos-
ity, or the amount of available RS (66–68).

Recommendations Regarding 
CHOs in the Diet

With the important nutritional contri-
butions made by CHO-rich foods, it is no 
wonder that health and government orga-
nizations around the world, together with 
expert consultative committees, recom-
mend that the bulk of calories consumed 
come from CHOs, particularly from CHO-
rich staples, including grains. The WHO/
FAO expert consultation on diet (69), U.S. 
Dietary Guidelines Advisory Committee 
(70), U.S. Department of Agriculture 
(USDA) series of systematic reviews on 
healthy dietary patterns (71), dietary ref-
erence intakes established by the U.S. Na-
tional Institute of Medicine and Health 
Canada (72), European Food Safety 
Authority (73,74), Nordic Nutrition 
Recommendations (75), U.K. Scientific 
Advisory Committee on Nutrition (76), 
Singapore Health Promotion Board (77), 
and Australian Dietary Guidelines (78, 
79), as a partial list, all support these rec-
ommendations. Most guidelines suggest 
that at least 45% of calories consumed 
come from CHOs, with suggested CHO 
intakes ranging from 45 to 65% of calo-
ries; the WHO report recommends as 
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much as 75% of energy come from CHOs 
(80). Lower GI and higher protein intakes 
have been recommended by some for in-
dividuals with insulin resistance or who 
are trying to maintain weight (81), but 
controversy still swirls around this topic, 
and research continues to try to tease out 
the answers.

Setting Upper Limit for CHO Intake. 
The setting of an upper limit for CHO 
intake is based on two major concerns. 
The first is the concern that excess CHO 
intake will upset the dietary balance and 
impede intake of adequate protein, fat, 
and other essential nutrients. The second 
is the concern that excess calorie and 
CHO intakes can lead to excess circulat-
ing glucose and insulin in the blood-
stream. Excess glucose in any tissue, in-
cluding the brain, is known to trigger a 
cascade of inflammatory responses and 
insulin resistance that can impair the 
functioning of all tissues (27). However, 
the adverse effects of excess CHO intake 
are not unique to this nutrient; excess 
intakes of calories and other dietary com-
ponents (28,29), as well as the lack of 
them, have also been shown to cause in-
flammation, insulin resistance, and other 
adverse effects (30). Although not a basis 
for setting an upper limit for CHO intake, 
some have alleged that excess consumption 
of readily available CHO-rich and grain-
based desserts leads to overconsumption 
of calories.

Dietary Fiber Intake. Around the world 
dietary fiber is included as part of general 
dietary recommendations. Its inclusion is 
based on evidence produced by epidemio-
logic and intervention studies indicating 
that adequate intakes, both in quantity 
and types, of dietary fiber are associated 
with improved gut health (82) and re-
duced risk of death and chronic disease 
from a number of disorders (83–85).

Despite recommendations, the daily 
intake of dietary fiber in most developed 
and developing countries is well below 

recommended levels. For example, in 
North America less than 4% of the popu-
lation meets the adequate intake recom-
mendation for dietary fiber (86). There-
fore, several U.S. Dietary Guidelines 
Advisory Committees have listed it as 
a “nutrient of concern.” Consumption of 
bran and grain-based foods is an impor-
tant dietary strategy for meeting the di-
etary fiber requirement.

Grains in CHO Recommendations. 
Translating the recommended balance of 
calories into food-based dietary guidance 
is common practice around the globe, ac-
cording to the European Food Informa-
tion Council (87). Its compilation of guide-
lines found that most use verbal descrip-
tions and/or graphic illustrations to assist 
people in selecting optimal proportions 
of recommended food groups. While the 
graphics used vary in form from pyramids 
and plates to temples and pagodas, the 
prominence of grain-based and CHO-rich 
foods in the various recommendations is 
strikingly similar. Guidance provided by 
countries around the world, such as the 
United Kingdom (88), South Africa (89), 
Singapore (90), France (91), and Australia 
and New Zealand (92), all urge that grains 
and starchy foods form the basis of most 
meals and that they be eaten daily to pro-
vide a primary source of energy. Most 
guidelines suggest that starchy foods 

should make up about one-quarter or 
one-third of the total foods eaten. Grain-
based foods (e.g., breads and flat breads, 
cereals, pastas and noodles, and rice 
dishes) are included among the starchy 
foods listed. In some cases, specific 
amounts are recommended. For example, 
the U.S. Dietary Guidelines Advisory 
Committee (71) and USDA MyPlate (93) 
recommend that the average person in-
gesting 2,000 cal/day consume 6 servings 
of breads and cereals, with half of the 
servings as whole grain foods. Health 
Canada’s guidelines recommend adults 
consume 6–8 servings of grains/day (94).

Whole grains have been incorporated 
into dietary guidelines in many regions. 
Some specifically mention the need to 
consume high-fiber, whole grain foods. 
A recent review by Jonnalagadda (95) 
contains a compilation of guidelines on 
whole grain consumption from around 
the world.

Despite the general concordance world-
wide regarding recommendations for 
CHO, dietary fiber, and whole grain in-
take, only a small part of the population 
consumes the suggested amounts. For 
example, the French Nutritional Guide-
lines recommend the consumption of 
starchy foods from a variety of sources at 
each meal. Yet, in a survey of more than 
80,000 people in the French NutriNet-
Santé cohort, only 43% had intakes of 
starchy food that were in line with the 
guidelines (96). The authors noted similar 
data from many Western European coun-
tries. Data from U.S. surveys show that 
36% of all age and gender categories fail 
to meet the grain recommendation and 
99% fail to meet the whole grain recom-
mendation (9,97).

Worldwide agreement concerning the 
importance of CHOs and CHO-rich foods 
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in the diet does not mean that CHOs are 
free from vigorous debates in both the 
scientific and popular press about the 
source and quality of CHO-rich foods. 
Some advocates argue that the type of 
CHO-rich foods chosen should be low 
glycemic, while others argue that only 
minimally refined or processed grains 
should be selected and no refined grains 
should be consumed.

A few suggest that amounts of CHOs 
consumed should be decreased or even 
stripped to a bare minimum of 50 g 
(200 kcal) for optimal weight control, 
diabetes prevention, and brain health 
(17,18). Advocates of the paleo diet 
claim that grains and legumes should be 
severely limited because humans did not 
evolve to eat them. They further argue 
that adherence to such a diet will bring 
about weight loss and improve several 
chronic conditions (19,20). Such claims 
are appealing in some populations, such 
as the United States, where as much as 
two-thirds of the population is over-
weight or obese (98).

The role of wheat and other gluten-con-
taining grains as a cause of celiac disease 
and other disorders also has caused some 
to argue that everyone needs to avoid 
grains and foods that contain gluten. 
(Celiac and other gluten-related disorders 
will be addressed in a subsequent review.)

Conclusions
CHO-rich staple foods, including those 

from a wide array of whole and refined 
grains, are inexpensive sources of energy, 
protein, and other nutrients. Grain-based 
staple ingredients have been incorporated 
into an enormous variety of foods, becom-
ing cultural icons and national dishes that 
are readily accepted by various populations 
around the world and adapted to specific 
agricultural necessities and cultural pref-
erences. In many cultures such foods have 
a long history as dietary cornerstones that 
continues today.

Dietary guidance by health promotion 
bodies around the world recommends 
that 45–65% of total calories be from 
CHOs and reinforces the message that 
grains play an important role in the diet. 
The important health benefits provided 
by grains argues for their incorporation 
in the everyday diets of healthy people. 
Whole grains in particular are associated 
with decreased risk of certain chronic 
diseases, and consumption of an optimal 
mix of whole and refined grains is associ-
ated with a number of health benefits.

Cereal grains provide a wide variety of 
nutrients, dietary fibers, and phytochemi-
cals. This combination uniquely positions 
them as a source of nutrition to both sus-
tain and nourish a global population.

References
1. Salamini, F., Ozkan, H., Brandolini, A., 

Schafer-Pregl, R., and Martin, W. Genetics 
and geography of wild cereal domestica-
tion in the near east. Nat. Rev. Genet. 3:429, 
2002.

2. Guo, Y., Mo, D., Mao, L., Jin, Y., Guo, W., 
and Mudie, P. J. Settlement distribution 
and its relationship with environmental 
changes from the Paleolithic to Shang–
Zhou period in Liyang Plain, China. Quat. 
Int. 11:1, 2013.

3. Smith, O., Momber, G., Bates, R., Garwood, 
P., Fitch, S., Pallen, M., Gaffney, V., and 
Allaby, R. G. Sedimentary DNA from a 
submerged site reveals wheat in the British 
Isles 8000 years ago. Science 347:998, 2015.

4. KET Distance Learning. Latin 3: Breadmak-
ing. Published online at www.dl.ket.org/
latin3/mores/index.htm. Kentucky Educa-
tional Television, Lexington, KY, 2014.

5. Grant, M. Galen on Food and Diet. Rout-
ledge, New York, 2000.

6. Curry, A. The gladiator diet. Archaeology 
61(6):28, 2008.

7. McKeown, N. M., Jacques, P. F., Seal, C. J., 
de Vries, J., Jonnalagadda, S. S., et al. 
Whole grains and health: From theory to 
practice—Highlights of the Grains for 
Health Foundation’s Whole Grains Sum-
mit 2012. J. Nutr. 143:744S, 2013.

8. Williams, P. G. Evaluation of the evidence 

between consumption of refined grains 
and health outcomes. Nutr. Rev. 70:80, 
2012.

9. Bachman, J. L., Reedy, J., Subar, A. F., and 
Krebs-Smith, S. M. Sources of food group 
intakes among the US population, 2001–
2002. J. Am. Diet. Assoc. 108:804, 2008.

10. Reedy, J., and Krebs-Smith, S. M. Dietary 
sources of energy, solid fats, and added 
sugars among children and adolescents in 
the United States. J. Am. Diet. Assoc. 
110:1477, 2010.

11. Fogelholm, M., Anderssen, S., Gunnars-
dottir, I., and Lahti-Koski, M. Dietary mac-
ronutrients and food consumption as de-
terminants of long-term weight change in 
adult populations: A systematic literature 
review. Food Nutr. Res. DOI: 10.3402/fnr.
v56i0.19103. 2012.

12. Aune, D., Norat, T., Romundstad, P., and 
Vatten, L. J. Whole grain and refined grain 
consumption and the risk of type 2 diabe-
tes: A systematic review and dose-response 
meta-analysis of cohort studies. Eur. J. Epi-
demiol. 28:845, 2013.

13. Feinman, R. D., Pogozelski, W. K., Astrup, 
A., Bernstein, R. K., Fine, E. J., et al. Di-
etary carbohydrate restriction as the first 
approach in diabetes management: Criti-
cal review and evidence base. Nutrition 
31:1, 2015.

14. Hyman, M. Three hidden ways wheat 
makes you fat. Published online at http://
drhyman.com/blog/2012/02/13/three-
hidden-ways-wheat-makes-you-fat/#close. 
drhyman.com. 2014.

15. Bazzano, L. A., Hu, T., Reynolds, K., Yao, 
L., Bunol, C., et al. Effects of low-carbo-
hydrate and low-fat diets: A randomized 
trial. Ann. Intern. Med. 161:309, 2014.

16. Atallah, R., Filion, K. B., Wakil, S. M., 
Genest, J., Joseph, L., Poirier, P., Rinfret, S., 
Schiffrin, E. L., and Eisenberg, M. J. Long-
term effects of 4 popular diets on weight 
loss and cardiovascular risk factors: A 
systematic review of randomized con-
trolled trials. Circ. Cardiovasc. Qual. 
Outcomes 7:815, 2014.

17. Davis, W. Wheat Belly. Rodale Books, New 
York, 2011.

18. Perlmutter, D. Grain Brain: The Surprising 
Truth about Wheat, Carbs, and Sugar—
Your Brain’s Silent Killers. Little, Brown 
and Company, New York, 2013.

19. Jaminet, P., and Shou-Ching Jaminet, S. C. 
Perfect Health Diet: Regain Health and 
Lose Weight by Eating the Way You Were 
Meant to Eat. Scribner, New York, 2012.

20. Turner, B. L., and Thompson, A. L. Be-
yond the Paleolithic prescription: Incor-
porating diversity and flexibility in the 
study of human diet evolution. Nutr. Rev. 
71:501, 2013.

21. AACC International. AACCI submits 
comments to FDA regarding whole grains 
label statements: Availability. Published 
online at www.aaccnet.org/initiatives/
definitions/Documents/WholeGrains/

French guidelines.

Czech guidelines.



232 / SEPTEMBER–OCTOBER 2015, VOL. 60, NO. 5

AACCIntlWholeGrainComments.pdf. 
The Association, St. Paul, MN, 2006.

22. FAO. Global trends in production and 
consumption of carbohydrate foods. In: 
Carbohydrates in human nutrition: Report 
of a joint WHO/FAO expert consultation. 
FAO Food and Nutrition Paper 66. Pub-
lished online at www.fao.org/docrep/
w8079e/w8079e0g.htm. FAO, Rome, 1998.

23. Alais, C., and Linden, G. Food Biochemis-
try. Ellis Horwood Series in Food Science 
and Technology. Springer Science+Busi-
ness Media, Dordrecht, Netherlands, 1991.

24. Raichle, M. E., and Gusnard, D. A. Apprais-
ing the brain’s energy budget. Proc. Natl. 
Acad. Sci. USA 99:10237, 2002.

25. Sprague, J. E., and Arbeláez, A. M. Glucose 
counterregulatory responses to hypoglyce-
mia. Pediatr. Endocrinol. Rev. 9:463, 2011.

26. Dedkova, E. N., and Blatter, L. A. Role of 
b-hydroxybutyrate, its polymer poly-b-
hydroxybutyrate and inorganic polyphos-
phate in mammalian health and disease. 
Front. Physiol. 5:260, 2014.

27. Farooqui, A. A., Farooqui, T., Panza, F., 
and Frisardi, V. Metabolic syndrome as a 
risk factor for neurological disorders. Cell. 
Mol. Life Sci. 69:741, 2012.

28. Miller, A. A., and Spencer, S. J. Obesity and 
neuroinflammation: A pathway to cogni-
tive impairment. Brain Behav. Immun. 42: 
10, 2014.

29. Zhou, D., and Pan, Y. X. Pathophysiologi-
cal basis for compromised health beyond 
generations: Role of maternal high-fat 
diet and low-grade chronic inflammation. 
J. Nutr. Biochem. 26:1, 2015.

30. Pribis, P., and Shukitt-Hale, B. Cognition: 
The new frontier for nuts and berries. Am. 
J. Clin. Nutr. 100(Suppl. 1):347S, 2014.

31. Birt, D. F., Boylston, T., Hendrich, S., Jane, 
J. L., Hollis, J., et al. Resistant starch: Prom-
ise for improving human health. Adv. Nutr. 
4:587, 2013.

32. Behall, K. M., Scholfield, D. J., and Canary, 
J. Effect of starch structure on glucose and 
insulin responses in adults. Am. J. Clin. 
Nutr. 47:428, 1988.

33. Jeon, J.-S., Ryoo, N., Hahn, T.-R., Walia, 
H., and Nakamura, Y. Starch biosynthesis 
in cereal endosperm. Plant Physiol. Bio-
chem. 48:383, 2010.

34. Ahmed, R., Segal, I., and Hassan, H. Fer-
mentation of dietary starch in humans. 
Am. J. Gastroenterol. 95:1017, 2000.

35. Brown, I. Complex carbohydrates and 
resistant starch. Nutr. Rev. 54(11):S115, 
1996.

36. Maaran, S., Hoover, R., Donner, E., and 
Liu, Q. Composition, structure, morphol-
ogy and physicochemical properties of 
lablab bean, navy bean, rice bean, tepary 
bean and velvet bean starches. Food 
Chem. 152:491, 2014.

37. Liljeberg Elmståhl, H. Resistant starch 
content in a selection of starchy foods on 
the Swedish market. Eur. J. Clin. Nutr. 
56:500, 2002.

38. Murphy, M. M., Douglass, J. S., and Birkett, 
A. Resistant starch intakes in the United 
States. J. Am. Diet. Assoc. 108:67, 2008.

39. Brighenti, F., Casiraghi, M. C., and Baggio, 
C. Resistant starch in the Italian diet. Br. J. 
Nutr. 80:333, 1998.

40. Chen, L., Liu, R., Qin, C., Meng, Y., Zhang, 
J., Wang, Y., and Xu, G. Sources and intake 
of resistant starch in the Chinese diet. Asia 
Pac. J. Clin. Nutr. 19:274, 2010.

41. Jenkins, D. J., Wolever, T. M., Taylor, R. H., 
Barker, H., Fielden, H., et al. Glycemic 
index of foods: A physiological basis for 
carbohydrate exchange. Am. J. Clin. Nutr. 
34:362, 1981.

42. Jones, J. M. Glycemic index: The state of 
the science, part 1—The measure and its 
variability. Nutr. Today 47:207, 2012.

43. Nugent, A. P. Health properties of resistant 
starch. Nutr. Bull. 30:27, 2005.

44. Aston, L. M., Gambell, J. M., Lee, D. M., 
Bryant, S. P., and Jebb, S. A. Determina-
tion of the glycaemic index of various 
staple carbohydrate-rich foods in the UK 
diet. Eur. J. Clin. Nutr. 62:279, 2008.

45. American Diabetes Association. Glycemic 
index and diabetes. Published online at 
www.diabetes.org/food-and-fitness/food/
what-can-i-eat/understanding-carbohy 
drates/glycemic-index-and-diabetes.html. 
The Association, Alexandria, VA, 2014.

46. Diabetes Australia. Food and activity: Gly-
cemic index. Published online at www.
diabetesaustralia.com.au/glycemic-index. 
Diabetes Australia, Canberra, Australia, 
2015.

47. Miller, M., Stone, N. J., Ballantyne, C., 
Bittner, V., Criqui, M. H., et al. Triglycer-
ides and cardiovascular disease: A scien-
tific statement from the American Heart 
Association. Circulation 123:2292, 2011.

48. AACC International. Dietary fiber. Pub-
lished online at www.aaccnet.org/initiatives/
definitions/Pages/DietaryFiber.aspx. The 
Association, St. Paul, MN, 2001.

49. Codex Alimentarius Commission. Guide-
lines on nutrition labelling. Standard 
CAC/GL 2-1985. Published online at 
www.codexalimentarius.org/standards/
list-of-standards. Joint FAO/WHO Food 
Standards Programme. FAO, Rome, 2013.

50. Englyst, K. N., Liu, S., and Englyst, H. N. 
Nutritional characterization and measure-
ment of dietary carbohydrates. Eur. J. Clin. 
Nutr. 61(Suppl. 1):S19, 2007.

51. Howlett, J. F., Betteridge, V. A., Champ, M., 
Craig, S. A., Meheust, A., and Jones, J. M. 
The definition of dietary fiber—Discus-
sions at the Ninth Vahouny Fiber Sympo-
sium: Building scientific agreement. Food 
Nutr. Res. DOI: 10.3402/fnr.v54i0.5750. 
2010.

52. Fardet, A. New hypotheses for the health-
protective mechanisms of whole-grain 
cereals: What is beyond fibre? Nutr. Res. 
Rev. 23:65, 2010.

53. Andersson, A. A. M., Andersson, R., 
Piironen, V., Lampi, A.-M., Nyström, L., 

et al. Contents of dietary fibre components 
and their relation to associated bioactive 
components in whole grain wheat samples 
from the HEALTHGRAIN diversity screen. 
Food Chem. 136:1243, 2013.

54. Jones, J. M. Dietary fiber future directions: 
Integrating new definitions and findings 
to inform nutrition research and commu-
nication. Adv. Nutr. 4:8, 2013.

55. Whelan, K., Abrahmsohn, O., David, G. J., 
Staudacher, H., Irving, P., Lomer, M. C., 
and Ellis, P. R. Fructan content of com-
monly consumed wheat, rye and gluten-
free breads. Int. J. Food Sci. Nutr. 62:498, 
2011.

56. Zeng, H., Lazarova, D. L., and Bordonaro, 
M. Mechanisms linking dietary fiber, gut 
microbiota and colon cancer prevention. 
World J. Gastrointest. Oncol. 6:41, 2014.

57. François, I. E., Lescroart, O., Veraverbeke, 
W. S., Marzorati, M., Possemiers, S., et al. 
Effects of a wheat bran extract containing 
arabinoxylan oligosaccharides on gastro-
intestinal health parameters in healthy 
adult human volunteers: A double-blind, 
randomised, placebo-controlled, cross-
over trial. Br. J. Nutr. 108:2229, 2012.

58. Kamiya, T., Shikano, M., Tanaka, M., 
Ozeki, K., Ebi, M., et al. Therapeutic ef-
fects of biobran, modified arabinoxylan 
rice bran, in improving symptoms of diar-
rhea predominant or mixed type irritable 
bowel syndrome: A pilot, randomized con-
trolled study. Evid.-Based Complement. 
Altern. Med. DOI: http://dx.doi.org/ 
10.1155/2014/828137. 2014.

59. Goldsmith, J. R., and Sartor, R. B. The role 
of diet on intestinal microbiota metabo-
lism: Downstream impacts on host im-
mune function and health, and therapeu-
tic implications. J. Gastroenterol. 49:785, 
2014.

60. Cummings, J. H. Fermentation in the hu-
man large intestine: Evidence and implica-
tions for health. Lancet 321:1206, 1983.

61. Bird, A. R., Conlon, M. A., Christophersen, 
C. T., and Topping, D. L. Resistant starch, 
large bowel fermentation and a broader 
perspective of prebiotics and probiotics. 
Beneficial Microbes 1:423, 2010.

62. Scott, K. P., Gratz, S. W., Sheridan, P. O., 
Flint, H. J., and Duncan, S. H. The influ-
ence of diet on the gut microbiota. Phar-
macol. Res. 69:52, 2013.

63. Roberfroid, M., Gibson, G. R., Hoyles, L., 
McCartney, A. L., Rastall, R., et al. Prebi-
otic effects: Metabolic and health benefits. 
Br. J. Nutr. 104(Suppl. 2):S1, 2010.

64. den Besten, G., van Eunen, K., Groen, A. K., 
Venema, K., Reijngoud, D. J., and Bakker, 
B. M. The role of short-chain fatty acids in 
the interplay between diet, gut microbiota, 
and host energy metabolism. J. Lipid Res. 
54:2325, 2013.

65. Rebello, C. J., Chu, Y. F., Johnson, W. D., 
Martin, C. K., Han, H., Bordenave, N., Shi, 
Y., O’Shea, M., and Greenway, F. L. The role 
of meal viscosity and oat b-glucan charac-



CEREAL FOODS WORLD / 233

teristics in human appetite control: A ran-
domized crossover trial. Nutr. J. 13:49, 2014.

66. Kwong, M. G., Wolever, T. M., Brummer, 
Y., and Tosh, S. M. Attenuation of glyce-
mic responses by oat b-glucan solutions 
and viscoelastic gels is dependent on mo-
lecular weight distribution. Food Funct. 
4:401, 2013.

67. Buddrick, O., Jones, O. A., Hughes, J. G., 
Kong, I., and Small, D. M. The effect of 
fermentation and addition of vegetable oil 
on resistant starch formation in whole-
grain breads. Food Chem. 180:181, 2015.

68. Raigond, P., Ezekiel, R., and Raigond, B. 
Resistant starch in food: A review. J. Sci. 
Food Agric. 95:1968, 2014.

69. Nishida, C., Uauy, R., Kumanyika, S., and 
Shetty, P. The joint WHO/FAO expert 
consultation on diet, nutrition and the 
prevention of chronic diseases: Process, 
product and policy implications. Public 
Health Nutr. 7:245, 2004.

70. U.S. Department of Agriculture and U.S. 
Department of Health and Human Ser-
vices. Scientific report of the 2015 Dietary 
Guidelines Advisory Committee. Pub-
lished online at http://health.gov/dietary 
guidelines/2015-scientific-report/pdfs/
scientific-report-of-the-2015-dietary-
guidelines-advisory-committee.pdf. U.S. 
Government Printing Office, Washington, 
DC, 2015.

71. U.S. Department of Agriculture Center for 
Nutrition Policy and Promotion. A series 
of systematic reviews on the relationship 
between dietary patterns and health out-
comes. Published online at www.nel.gov/
vault/2440/web/files/DietaryPatterns/
DPRptFullFinal.pdf. Nutrition Evidence 
Library, USDA Center for Nutrition Policy 
and Promotion, Alexandria, VA, 2014.

72. Institute of Medicine Food and Nutrition 
Board. Dietary Reference Intakes for En-
ergy, Carbohydrate, Fiber, Fat, Fatty Acids, 
Cholesterol, Protein, and Amino Acids. 
National Academies Press, Washington, 
DC, 2005.

73. European Food Safety Authority Panel on 
Dietetic Products, Nutrition and Allergies. 
EFSA sets European dietary reference 
values for nutrient intakes. Published on-
line at www.efsa.europa.eu/en/press/news/
nda100326.htm. EFSA, Parma, Italy, 2010.

74. European Food Safety Authority Panel on 
Dietetic Products, Nutrition and Allergies. 
Dietary reference values and dietary guide-
lines. Published online at www.efsa.europa. 
eu/en/topics/topic/drv. EFSA, Parma, Italy, 
2010.

75. Nordic Council of Ministers. Nordic Nutri-
tion Recommendations 2012. Part 1: Sum-
mary, Principles and Use, 5th ed. Published 
online at www.ravitsemusneuvottelukunta.

fi/files/images/vrn/9789289326292_nnr-
2012.pdf. Nordic Council of Ministers, 
Copenhagen, 2013.

76. Scientific Advisory Committee on Nutri-
tion. SACN Carbohydrates and Health Re-
port. Published online at www.gov.uk/
government/uploads/system/uploads/
attachment_data/file/445503/SACN_ 
Carbohydrates_and_Health.pdf. The Sta-
tionery Office, London, 2015.

77. Health Promotion Board. Build a healthy 
food foundation. Published online at 
www.hpb.gov.sg/HOPPortal/health- 
article/2638. The Board, Singapore, 2012.

78. National Health and Medical Research 
Council. Eat for Health: Australian Dietary 
Guidelines. Published online at www.eat 
forhealth.gov.au/sites/default/files/files/
the_guidelines/n55_australian_dietary_
guidelines.pdf. NHMRC, Canberra, Aus-
tralia, 2013.

79. Australian National Health and Medical 
Research Council and New Zealand Min-
istry of Health. Nutrient Reference Values 
for Australia and New Zealand: Including 
Recommended Dietary Intakes. Published 
online at www.nhmrc.gov.au/_files_nhmrc/
publications/attachments/n35.pdf. NHMRC, 
Canberra, Australia, 2006.

80. WHO. Population nutrient intake goals 
for preventing chronic diseases. Pages 
54-60 in: Diet, Nutrition and the Preven-
tion of Chronic Diseases: Report of a Joint 
WHO/FAO Expert Consultation. World 
Health Org. Tech. Rep. Ser. No. 916. Avail-
able online at www.who.int/dietphysical 
activity/publications/trs916/en/gsfao_
overall.pdf?ua=1. WHO, Geneva, 2003.

81. Astrup, A., Raben, A., and Geiker, N. The 
role of higher protein diets in weight con-
trol and obesity-related comorbidities. Int. 
J. Obes. 39:721, 2015.

82. Gemen, R., de Vries, J. F., and Slavin, J. L. 
Relationship between molecular structure 
of cereal dietary fiber and health effects: 
Focus on glucose/insulin response and gut 
health. Nutr. Rev. 69:22, 2011.

83. Klosterbuer, A., Roughead, Z. F., and Slavin, 
J. Benefits of dietary fiber in clinical nutri-
tion. Nutr. Clin. Pract. 26:625, 2011.

84. Wu, H., Flint, A. J., Qi, Q., van Dam, R. M., 
Sampson, L. A., et al. Association between 
dietary whole grain intake and risk of mor-
tality: Two large prospective studies in US 
men and women. JAMA Intern. Med. 175: 
373, 2015.

85. Huang, T., Xu, M., Lee, A., Cho, S., and Qi, 
L. Consumption of whole grains and cereal 
fiber and total and cause-specific mortal-
ity: Prospective analysis of 367,442 indi-
viduals. BMC Med. 13:59, 2015.

86. Marriott, B. P., Olsho, L., Hadden, L., and 
Connor, P. Intake of added sugars in the 

United States: What is the measure? Am. J. 
Clin. Nutr. 94:1652, 2011.

87. European Food Information Council. Food-
based dietary guidelines in Europe. Pub-
lished online at www.eufic.org/article/en/
expid/food-based-dietary-guidelines-in-
europe. EUFIC, Brussels, 2015.

88. Food Standards Agency. FSA nutrient and 
food based guidelines for UK institutions. 
Published online at www.food.gov.uk/sites/ 
default/files/multimedia/pdfs/nutrient 
institution.pdf. FSA, London, 2007.

89. Vorster, H. H., Badham, J. B., and Venter, 
C. S. An introduction to the revised food-
based dietary guidelines for South Africa. 
S. Afr. J. Clin. Nutr. 26(3):S1, 2013.

90. Health Promotion Board. Food-based di-
etary guidelines for adults. Published on-
line at www.hpb.gov.sg/HOPPortal/health-
article/2758. The Board, Singapore, 2012.

91. Ministère Chargé de la Santé, Direction 
Générale de al Santé [Ministry of Health, 
Department of Health]. Programme Na-
tional Nutrition Santé [National Nutrition 
and Health Program]. Published online at 
www.sante.gouv.fr/IMG/pdf/PNNS_UK_
INDD_V2.pdf. Ministère des Affaires 
Sociales, et la Santé et des Droits des 
Femmes, Paris, 2012.

92. Vorster, H. H. Make starchy foods part of 
most meals: A food-based dietary guide-
line for South Africa. S. Afr. J. Clin. Nutr. 
26(3):S28, 2013.

93. Center for Nutrition Policy and Promo-
tion. ChooseMyPlate.gov. Published on-
line at www.choosemyplate.gov. USDA 
CNPP, Alexandria, VA, 2015.

94. Health Canada. Canada’s Food Guide. Pub-
lished online at www.hc-sc.gc.ca/fn-an/
food-guide-aliment/basics-base/quantit-
eng.php. Health Canada, Ottawa, 2007.

95. Jonnalagadda, S. S. Whole grains and diet. 
Pages 299-312 in: Diet Quality: An Evidence-
Based Approach, vol. 1. V. R. Preedy, L.-A. 
Hunter, and V. B. Patel, eds. Springer Sci-
ence+Business Media, New York, 2013.

96. Szabo de Edelenyi, F., Julia, C., Courtois, 
F., Méjean, C., Péneau, S., Galan, P., Herc-
berg, S., and Kesse-Guyot, E. Starchy food 
consumption in French adults: A cross-
sectional analysis of the profile of consum-
ers and contribution to nutritional intake 
in a web-based prospective cohort. Ann. 
Nutr. Metab. 64:28, 2014.

97. Moore, L. L., Singer, M. R., Qureshi, M. 
M., Bradlee, M. L., and Daniels, S. R. Food 
group intake and micronutrient adequacy 
in adolescent girls. Nutrients 4:1692, 2012.

98. Ogden, C. L., Carroll, M. D., and Flegal, 
K. M. Prevalence of obesity in the United 
States. JAMA 312:189, 2014.


