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Abstract

Inclusion of whole grains (WG) in the diet is recommended in dietary guid-
ance around the world because of their associations with increased health and
reduced risk of chronic disease. WGs are linked to reduced risk of obesity or
weight gain; reduced risk of cardiovascular disease (CVD), including coro-
nary heart disease (CHD), hypertension, and stroke; improved gut health
and decreased risk of cancers of the upper gut; perhaps reduced risk of col-
orectal cancer; and lower mortality rate. The 2005 United States Dietary
Guidelines Advisory Committee has recommended that consumers make
“half their grains whole.” Yet, whole grains are puzzling both consumers
and scientists. Scientists are trying to determine whether their health bene-
fits are due to the synergy of WG components, individual WG components,
or the fact that WG eaters make many of the recommended diet and lifestyle
choices.

Consumers need to understand the WG benefits and how to identify
WG foods to have incentive to purchase and use such foods. Industry needs
to develop great-tasting, clearly-labeled products. With both these factors
working together, it will be possible to change WG consumption habits
among consumers.
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Fiber: carbohydrates
resistant to digestion
and absorption in the
human small intestine
and completely or
partially fermented in
the large intestine

Whole Grains
(WGs): having the
principal anatomical
components present in
similar relative
proportions as in the
intact grain

AACCI: AACC
International,
www.aaccnet.org
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INTRODUCTION

In the world of food selection, it is the “best of times and the worst of times.” At no other time in
human history have we faced endless choice coupled with knowledge that allows us to select a diet
with all the important nutritional components. Despite knowledge about, and availability of, the
“right stuff,” many of us fail to exercise the wisdom to regularly choose food that enhances diet
quality and lessens disease risk. Thus, in an era of globesity and increased chronic diseases, we
find ourselves in need of a major dietary overhaul. We need to select diets high in fiber and whole
grains (WGs), vegetables and fruits, match calories with energy expenditure, regulate type and
amount of fat, and make other healthy lifestyle choices. Inclusion of WGs in the diet, according
to health experts, is one risk-reducing choice. However, consumers are confused by WGs and
choose grain foods based on past practices. Consumers need cogent reasons to change to WG
foods; they need a clear picture of WG benefits.

Consumers and health professionals are often unable to identify WGs, let alone WG foods
(Chase etal. 2003), so clear definitions are needed. This will enable WGs to be identified on pack-
age labels and encourage commercialization of great-tasting foods that deliver dietarily significant
amounts of WGs. Government, food scientists, and industry need to work together because
consumption of WGs is influenced by government policy, food supply availability, and industry
offerings. Thus, nutritionists, food scientists, and health professionals are working to understand
how WGs improve health.

Grain milling occurred in most ancient civilizations. This involved removing various anatomical
parts of the grain. Grain endosperm (white flour or refined flour) was separated from the bran- and
germ-rich fractions, which usually was fed to animals. The endosperm was preferred and often
eaten by the wealthy. In the past 150 years, far and away the largest percentage of grain and flour
consumed in Western diets was refined. Iron and B vitamin deficiencies in United States World
War II recruits initiated enrichment of refined grains and flours. More recently, folate was added
as a fortificant. The recent focus on WGs by various nutritional advisory groups has prompted
the scientific community to address a number of issues surrounding WGs.

SCIENTTIFIC DEFINITION OF WHOLE GRAINS

Getting consumers to choose WG products and manufacturers to produce them requires that
all involved have an agreed upon definition so that food labels clearly communicate what is in
the food. Industry and regulators must also agree so that when a food is labeled as WG it meets
the requirement. In 1999, the American Association of Cereal Chemists International (AACCI),
which has a long tradition of using science-based information to define issues, defined WGs as
follows: WGs shall consist of the intact, ground, cracked, or flaked caryopsis (kernel or seed),
whose principal anatomical components—the starchy endosperm, germ, and bran—are present in
the same relative proportions as they exist in the intact caryopsis. In 2006, the AACCI WGs Task
Force in a letter to the FDA affirmed that WGs would refer to WG cereals and pseudocereals.
The letter outlined that cereals are the seeds of specific grasses, which according to taxonomy
belong to the Poaceae (also known as Gramineae) family (Table 1) (AACCI 2006). Pseudocereals
are the seeds of a number of different plant species external to the Poaceae family (Table 1).
Pseudocereals were included with the cereal grains because their overall macronutrient com-
position (ratio of carbohydrate to protein to fat) is similar to that of cereals and they are used in
the diet in the same traditional ways. Legumes, nuts, seeds (noncereal and nonpseudocereal), and
roots, although often nutritious and providing important building blocks in a plant-based diet, were
not included in the definition because of their very different nutrient composition (e.g., legumes,
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Table 1 Cereals and pseudocereals (From AACC 2006)

True Cereals Scientific name
Wheat* including spelled,* emmer,* Triticum spp.
farro,* einkorn,* kamut,* durums*
Rice, African rice Oryza spp.
Barley* Hordeum spp.
Corn (maize, popcorn) Zea mays
Rye* Secale cereale spp.
Oats** Avena spp.
Millets Brachiaria spp.; Pennisetum spp.; Panicum spp.; Setaria spp.;
Paspalum spp.; Eleusine spp.; Echinochloa spp.
Sorghum Sorghum spp.
Teft (tef) Eragrostis spp.
Triticale Triticale
Canary seed Phalaris arundinacea
Jobs tears Coix lachrymal-jobi
Fonio, Black fonio, Asian millet Digitaria spp.
Wild rice Zizania aquatica
Pseudocereals Scientific name
Amaranth Amaranthus caudatus
Buckwheat, Tartar buckwheat Fagopyrum spp
Quinoa Chenopodium quinoa Wild—is generally considered to be a

single species within the Chenopodiaceae

*Gluten-containing.
**Gluten-containing unless grown and processed in a field and processing plant that has never contained a gluten-

containing grain.

nuts, and seeds have more protein and nuts more fat). In addition, they are included in different
dietary food groups in food guidance and are rarely milled to eat only a part of the seed. It is worth
noting that all legumes, nuts, seeds, and roots, some WG cereals, and all WG pseudocereals are
gluten-free and therefore safe for people with celiac disease or gluten sensitivity (Table 1).
The definition for WG cereals also includes the malted forms and traditionally processed forms
of the grains. Malted forms would meet the WGs definition provided that (#) the amount of WGs
in the food is computed on a dry basis, () any sprout growth does not exceed the seed length,
and (¢) nutrient values have not diminished. Traditionally processed forms of WGs that undergo
minimal processing include lightly pearled barley or wheat (grano), bulghur, and nixtamalized corn
(AACCI 2006). The AACCI Task Force is defining maximum losses allowed to be considered a
WG. AACCI also accepted that milled and recombined flour (from a single grain type) may be
labeled as WG if the final ingredient contains grain components in the same relative proportions
as the intact kernel (AACCI 2006). Recently, AACCI has proposed modifying its 1999 definition
of WGs such that the principal anatomical grain components be present in the same relative  phytochemicals:
proportions as in the intact caryopsis to the extent feasible by the best modern milling technology  plant-derived chemical

(Jones 2008). This proposed change acknowledges that minimal processing can slightly alter ~compounds under
scientific research for
their potential

. . . . health-promoting
Bran, germ, and endosperm have different roles both in the grain and in the human body. The  ;perties

components and aid food safety by enabling good manufacturing practices to control the levels of
mycotoxins and heavy metals.

bran physically protects the plant from invaders. Bran’s arsenal of nutrients and phytochemicals
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Antioxidant:

substance that inhibits

oxidation and can
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free radicals
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the interest of public

health and preventive

medicine

22

support the development ofa healthy plant. It has similar roles in the diet. Bran’s vitamins, minerals,
and phytochemicals can be released and absorbed or remain bound and be carried to the large
bowel to act in situ. The germ provides many critical nutrients needed to form a new plant and,
as such, is rich in vitamin E, antioxidants, other phytochemicals and lipid-soluble components.
The endosperm, approximately 80% of the kernel, provides energy and other components for the
seedling to grow. For humans, itis also a source of energy and provides some protein, antioxidants,
and B vitamins. Although the endosperm provides important nutrients, especially when fortified
and enriched, there is a great need for diets to contain more WGs. More than 95% of milled
wheat flour in the US is sold as refined flour. Given the health benefits attributed to WGs, this
must change.

WHOLE GRAINS: THEIR FUNCTIONAL COMPONENTS
AND THEIR HEALTH BENEFITS

Whole grains have been associated with a number of health benefits. Unfortunately, the data are
mostly associational. These data, although from a number of diverse populations with differing
cultural customs and eating patterns, and the associations derived from them all suffer from the
same confounding flaw. Namely, those who choose to eat WGs tend to do almost everything
else right. They eat less red meat, smoke less, exercise more, and choose more vegetables and
fruits. Adding to the confusion is that epidemiological studies have not been consistent in the
classification of foods as WG. In some instances, a food needed to have 25% of its contents from
WGs to be in the study versus higher levels in other studies. Foods such as barley, couscous, and
high fiber ready-to-eat (RTE) cereals were sometimes classified as WG even though these foods
were clearly not WG or were not likely to be WG. This leads to another challenge, which was
posed in a recent Life Sciences Review Office review (De Moura 2008). It remains to be determined
whether the associations were due to fiber, healthy plant foods, or functional components in the
foods classified as WG.

Whole grains contain a vast array of functional components. Many of these suggest mecha-
nisms by which WGs may reduce risk of a variety of chronic diseases. It remains to be determined
whether disease reduction is due to a synergy of functional WG components or to any one com-
ponent. Given that specific species of WGs, and even cultivars, contain different types and levels
of components, a particular WG may use entirely different mechanisms to reduce disease risk.
However, taken as an aggregate WGs seem to offer the same net health benefits, yet it is important
to emphasize selection of a variety of grains in order to gain unique benefits of each grain type.

WGs have always been recognized for their contribution of traditional nutrients, B vitamins,
minerals, and dietary fiber, to the diet. More recently, WGs have been shown to be a good
source of antioxidants. In fact, the in vitro antioxidant activity of WG foods has been shown
to be at parity with that of vegetables and fruits (Miller et al. 2000). This activity is due not
only to antioxidant vitamins such as vitamin E and its isomers (tocopherols and tocotrienols) and
minerals such as selenium, but also to phytochemicals such as phytates, phenolics, and lignans or
alkylresorcinols (Jones 2007). Phenolics such as ferulic acid in corn and wheat, oryzonol in rice,
and avenanthramides in oats are grain-specific antioxidants. Some of these have antiatherogenic
activity by mitigating nitric oxide production (Nie et al. 2006, Bunzel et al. 2004, Hu et al. 2003,
Xia et al. 2003). Certain other flavonoids, phenolics, phenolic lipids, tocopherols, and dietary
fibers such as beta-glucan are antimutagenic and anti-inflammatory (Bull6 et al. 2007). Other
important compounds include alkylresorcinols particularly high in rye, (Ross et al. 2003), betaine,
and choline. Through a variety of mechanisms, these compounds may help prevent cell mutations
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that are precursors to inflammatory responses and tumor formation. In addition, WGs’ ability to
affect the immune response may also play a role in reducing chronic disease risk (Jacobs et al.
2007, 1999).

WHOLE GRAINS AND HEALTH

Weight Management

WGs, and the carbohydrates they contain, have been named both as part of the problem and
the solution to the obesity epidemic. However, epidemiological and clinical studies indicate that
WGs are linked to reduced risk of obesity and weight gain (Slavin 2005). In the Framingham
Offspring Study with participants older than 50 years of age (McKeown et al. 2002), the Baltimore
Longitudinal Study of Aging (Newby et al. 2003), and in college students (Rose 2005), WGs
intake, as deduced from food frequency questionnaires, was inversely related to body mass index
and waist-to-hip ratio or waist circumference. Data from both the Harvard Health Professionals
(n = 27,082) (Koh-Banerjee et al. 2004) and female nurses studies (n = 74,091) (Liu et al. 2003)
showed that those who consumed more WG foods at the start of the study consistently weighed
less at baseline than those who consumed fewer WG foods. This obesity-preventing effect was
also observed after the 8 to 12 year follow-up in these prospective studies. Weight gain during
the study was inversely related to intake of WG foods. Although the majority of the studies show
an inverse association between WGs intake and some measure of body weight (Anderson 2008,
Harland & Garton 2007, van de Vijver etal. 2009), not all do (Thane etal. 2007). Furthermore, no
effect on weight was seen in a short-term intervention with 309 subjects in the United Kingdom
(Brownlee et al. 2009a).

Once again, the data present several challenges. First, there is the puzzle regarding intervention
studies versus epidemiological studies. Are the intervention studies too short? Were the subjects
so diligent about increasing their WG consumption from much less than a serving to more than
four servings a day that they increased calories as well (Brownlee et al. 2009b)? Second, is there
confounding with dietary fiber? Higher intakes of most WGs mean that there is a higher intake of
cereal fiber. Is the effect due to the fiber or the WG package? Third, the impact of other lifestyle
factors along with WG biochemical mechanisms are needed to further understand the relationship
between WGs and weight. Fourth, with manufacturers making many more foods with WGs (even
foods that should be chosen infrequently such as pies, cookies, and cheesecake), will WGs become
the low-fat of the 1990s, where low-fat options were often neither healthy nor lower in calories?
Will the message to eat more whole grains be deemed by consumers an excuse to eat more calories
overall?

Despite the lack of success with the intervention, a number of mechanisms has been suggested
for whole grains and weight control. They are as follows:

1. Diets with adequate WGs and dietary fiber tend to offer greater food volume, more nutrients,
and lower energy density. Large food volume may delay gastric emptying, which in turn
may enhance feelings of fullness and reduce hunger.

2. Diets with adequate fiber and WGs alter the secretion of gut hormones and in turn may
increase overall satiety (Anderson & Conley 2007, Greenway et al. 2007, Berti et al. 2005).

3. Whole grain foods provide beta-glucan and slowly digested and resistant starch, which may
blunt glycemic response and possibly influence satiety (Berti et al. 2005, So et al. 2007,
Skrabania et al. 2001, Kaplan & Greenwood 2002).

4. Intake of WG foods is associated with reduced concentrations of biochemical factors asso-
ciated with obesity including: insulin, C-peptide, and leptin (Esposito 2004).

www.annualreviews.org  Whole Grains: Benefits and Challenges
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Hypertension

Higher consumption of WGs was associated with a reduced risk of hypertension in prospec-
tive epidemiological and intervention studies (Mozaffarian et al. 2003, Esmaillzadeh et al. 2005,
Wang etal. 2007, Pins et al. 2002). For example, in the 29,000 women United States Health Pro-
fessionals’ Study, those who reported eating at least four daily servings of WGs versus those
eating less than one-half a daily serving were 23% less likely to have hypertension (Wang
et al. 2007). In an intervention study with 88 subjects, nearly twice as many subjects eating
a whole oat cereal as part of a heart-healthy diet reduced or stopped their blood pressure
medication compared with controls eating the heart-healthy diet not containing whole oats
(Pins et al. 2002). In the Dietary Approaches to Stop Hypertension (DASH) trial, WGs were
one of a number of dietary modifications that helped to lower blood pressure (Appel et al.
1997).

Once again, the data present several challenges. For hypertension there are fewer studies than
for some of the disease endpoints. However, both the intervention and epidemiological data point
in the same direction. The same question must be asked about the confounding of WGs and
dietary fiber. Higher intakes of most WGs mean that there is a higher intake of dietary fiber.
Intervention with specific WGs such as oats has shown a benefit. Further data are needed to
understand the effects of all WGs. As with other disease endpoints discussed so far, the impact of
other lifestyle factors along with WG biochemical mechanisms are needed to further understand
the relationship between WGs and hypertension.

There are two proposed mechanisms by which WGs might impact blood pressure. These
include:

1. In addition to fiber, which can contribute to lowering of systolic and diastolic hypertension,
WGs contribute components including magnesium, potassium, and some protein, which
have been shown to help lower blood pressure (Lee et al. 2008, Anderson 2002).

2. Whole grains have been shown to elevate plasma concentrations of the anti-inflammatory
and blood pressure-lowering hormone adiponectin (Qi et al. 20006).

Stroke

Whole grains are related to decreased risk of stroke. This should come as no surprise as the
relationship between stroke and elevated blood pressure is well established. Epidemiological data
show that a diet high in cereal fiber was one of a number of healthy lifestyle factors associated with
a decreased risk of total and ischemic stroke. Such associations are seen in the Women’s Health
Study, a large prospective cohort of 39,053 healthy women over age 45 (Kurth et al. 2006) and
in the 18-year follow-up of the nearly 88,000 female nurses (Oh et al. 2005). In the latter study,
total and hemorrhagic stroke risk inversely associated with cereal fiber intake. For those with the
highest cereal fiber intake compared with the lowest intake, total stroke risk decreased by 36%
and hemorrhagic stroke risk was cut nearly in half. Ding & Mozaftarian (2006) concluded, after
a review of 121 publications, that WGs and cereal fiber were likely to be two of several dietary
factors that reduce the incidence of stroke.

Once again, the data present several challenges. First, there are only epidemiological data for
stroke, and second, there are questions about the confounding of WGs and dietary fiber, and other
diet and lifestyle factors. Additional data are needed to understand the effects of all WGs. As with
other diseases discussed so far, the impact of other lifestyle factors along with WG biochemical
mechanisms are needed to further understand the relationship between WGs and stroke.
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METABOLIC SYNDROME AND TYPE 2 DIABETES

Epidemiological data show inverse associations between WG intake and diabetes and its precur-
sor, metabolic syndrome (Anderson & Pasupuleti 2008). Metabolic syndrome is characterized by
abdominal obesity, atherogenic dyslipidemia, elevated blood pressure, and insulin resistance, as
well as prothrombotic and proinflammatory states. Metabolic syndrome is estimated to affect at
least 24% of the adult population in the United States (Cameron et al. 2004) and is related to
development of type 2 diabetes and cardiovascular disease (CVD). In the Framingham Offspring
Study (n = 2941), WGs were associated with a 33% lower risk of metabolic syndrome for the
quintile eating the most, compared with the quintile eating the least, WGs (McKeown et al. 2002).
A similar inverse association was also seen for high intakes of cereal fiber. A small study in Iran
showed a similar effect (Kochar et al. 2007). Therefore, cereal fiber and WGs appear to lower the
risk of metabolic syndrome and are part of an important public health strategy.

Given that metabolic syndrome is associated with the risk of diabetes, it is not surprising that
WG intake inversely associated with the risk of type 2 diabetes in a number of studies in the United
States and abroad (de Munter et al. 2007, Lutsey et al. 2007, Fung et al. 2002, Liese et al. 2003).
These studies show that the quintiles eating approximately three WG servings per day had a 25%
to 33% lower risk of type 2 diabetes.

The challenges regarding the relationship between WG intake and incidence of type 2 diabetes
are not different from the associations already discussed. This was best summed up in a Cochrane
review, which assessed one randomized controlled trial and eleven prospective cohort studies
(Priebe etal. 2008). The authors concluded that although “prospective studies consistently showed
a reduced risk for high intake of WG foods 27% to 30%) or cereal fiber (28% to 37%) on the
development of T2DM. .. the evidence from prospective cohort trials is too weak to be able
to draw a definite conclusion about the preventive effect of WG foods on the development of
T2DM.”

Other challenges include the fact that WGs and specific types of fiber can impact blood glucose
quite differently. Some WG foods such as RTE cereal and hearty breads have large pieces of intact
and semi-intact grains. These may contain type I resistant starch, which is inaccessible to amylases.
However, some WG foods have little or no ability to positively affect glycemic response because
their structure is porous and easily attacked by amylases (Brand-Miller et al. 2008). WGs such
as barley and oats contain beta-glucan, which can slow absorption of glucose and in turn reduce
spikes in blood glucose (Kim et al. 2009, Behall 2006). Product-specific health claims to this effect
exist in Sweden (Swedish National Food Administration 2002).

There are several potential mechanisms by which WGs can lower the risk of type 2 diabetes.
These include:

1. Whole grains’ ability to decrease insulin resistance and improve insulin sensitivity is one
such mechanism (Pereira et al. 2002, Jacobs et al. 1999). For example, in the nearly 1000
IRAS participants, WG intake was associated with increased insulin sensitivity and improved
glucose tolerance. Those in the IRAS cohort with higher intake of dark breads (including
whole wheat, rye, pumpernickel, and other high-fiber bread) and high-fiber RTE cereals
(high-fiber bran or granola cereals and shredded wheat) showed improved insulin sensitivity
and lower fasting insulin. Both of these changes associated with high WG intake may have
led to reduced risk for type 2 diabetes seen in various cohorts in epidemiological studies. The
improved insulin sensitivity was also seen in an intervention study by Panahi et al. (2007).

2. Whole grains offer constituents that could contribute to improvement in glucose tolerance
and, in turn, diabetes. WGs contain fibers such as beta-glucan and arabinoxylans, which
help control blood sugar (Garcia et al. 2007, Lu et al. 2004, Bo & Pisu 2008).

www.annualreviews.org  Whole Grains: Benefits and Challenges
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3. Whole grains contain magnesium, which may be limited in the diets of persons with
metabolic syndrome or diabetes (McCarty 2005).

Cardiovascular Disease (CVD)

Large epidemiological studies, such as the Iowa Women’s Health Study, the Male Health Pro-
fessionals’ Study, and the Nurses’ Health Study, showed an inverse association between WG
ingestion and risk of CVD, including coronary heart disease (CHD), hypertension, and stroke. A
meta-analysis assessing the relationship between CHD and WGs showed that regular intake of
WG foods was associated with a 26% reduction in the risk of CHD (Anderson 2004). When the
impact of WG intake on CHD was compared with cereal fiber or with the impact of dietary fiber
in general, WGs protected more strongly against the development of CHD than intake of cereal
fiber alone or dietary fiber from either vegetables or fruits (Anderson 2002, 2003).

Positive associations were seen not only in prospective studies of lowa women and health care
workers, but also in studies involving the elderly, women with existing CHD, and a multiethnic
cohort. Regarding the elderly (65 and older, n = 3588), cereal fiber intake inversely associated with
CVD risk (Mozaffarian etal. 2003). At the end of the eight-year follow-up of this study, participants
in the highest quintile of cereal fiber intake had a 21% lower risk of CVD than those in the lowest
quintile of intake. Also, higher cereal fiber intake was associated with a lower risk of total and
ischemic stroke. However, no such relationship was found for vegetable or fruit fiber intake in this
elderly population. In postmenopausal women with existing coronary artery disease (the Estrogen
Replacement and Atherosclerosis Trial), ingestion of one serving of WG per day, compared with
those who ate less WG, resulted in better maintenance of wider internal coronary artery diameter
as determined by sequential coronary artery angiography (Erkkild et al. 2005). Similar results
were seen in the more than 1000 multiethnic individuals participating in the Insulin Resistance
Atherosclerosis Study (IRAS). These showed less carotid intimal medial thickness progression
in the subjects ingesting the most WGs (Mellen et al. 2007). WG intake, and not refined grain
intake, has also been associated with lower risk of heart failure (Djoussé & Gaziano 2007).

More recently in a randomized control trial, arterial stiffness as measured by pulse wave
velocity was significantly reduced in the intact whole-grain treatment group after eight weeks,
versus no significant changes in the refined-control and milled-whole-grain groups (n = 25
healthy males) (Tripkovic 2009). Participants consumed rolls containing either 48 g intact WG,
48 g milled WG, or isocaloric refined grain, suggesting that milling may reduce the efficacy of
WGs (i.e., the matrix effect) in healthy subjects. However, this may not be the case for long-term
consumption of milled WGs.

In terms of blood lipids (a marker for CVD) and WGs, recent randomized control trials
on healthy subjects have reported conflicting results. This has in turn caused consternation and
reconsideration of the use of randomized clinical trials on healthy subjects. In the United Kingdom
WHOLEheart Study (Brownlee etal. 2009a), overweight but otherwise healthy subjects (n = 316,
age 18-65 years, BMI > 25 kg/m?) who habitually consumed less than 30 g WGs per day were
randomized to three groups: control (no dietary change), 60 g WGs per day for 16 weeks, and
60 g WGs per day for the first eight weeks followed by 120 ¢ WGs per day for the last eight
weeks. Results showed no impact of WG inclusion in the diet on plasma LDL (low-density
lipoprotein) cholesterol. However, in the Italian randomized sequential crossover trial in slightly
hyperlipidemic subjects (n = 15, mean age = 54.5 £ 7.6, BMI = 27.4 + 73.0 kg/m?), Giacco
et al. (2009) reported significantly reduced fasting and postprandial plasma cholesterol as well as
LDL cholesterol with consumption of wholemeal wheat foods for three weeks. Participants were
randomly assigned to two isoenergetic diets with similar macronutrient composition, one rich in
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WHOLE GRAIN HEALTH CLAIMS WORLDWIDE

United States: Food and Drug Administration (FDA)—Diets rich in whole grain foods and other plant foods and
low in total fat, saturated fat, and cholesterol, may help reduce the risk of heart disease and certain cancers.

Sweden: Voluntary Code of Practice (SNF Swedish Nutrition, Swedish Food Federation, Swedish Food Retailers
Federation)—A healthy lifestyle and well-balanced diet high in whole grain products reduces the risk of (coronary)
heart disease. Product name has a high whole grain content or Product name contains X% whole grain.

United Kingdom: Voluntary Code of Practice—Health Claim Initiative (JHCI) has published guidelines for policing
cholesterol claims.

Finland: Finnish Food Safety Authority has also published guidelines.

wholemeal wheat foods and the other with the same foods in refined form (cereal fiber 21.3 g
versus 9.8 g per day). What are the differences between these two studies?

One key difference is that Brownlee et al. (2009a) effectively told subjects to eat more WGs.
Giacco et al. (2009), however, held calories and macronutrients constant, which means people
should increase whole grains in the diet withour increasing the total grain intake or as Bittman
(2009) says, “eat less meat and junk food, eat more vegetables and WGs.” If we simply tell people to
eat more, then they will. Perhaps weight gain in many cases attenuates the WG effect on CVD and
other chronic diseases. If isoenergetic diets do in fact explain the apparent discrepancy between
these studies, then the success of WGs in improving public health may come down to messaging.
Perhaps an even bigger question to ask is whether or not healthy subjects are appropriate in trials
with plasma cholesterol as an endpoint (the subjects in both studies were well within their plasma
cholesterol goal and would not be prescribed lifestyle change or drug therapy for cholesterol
reduction by a physician) and does this complicate their applicability to larger populations?

At least one other recent randomized control trial is worth noting here. The GrainMark Study
by Haldar et al. 2009) reported that incorporation of WG foods made with rye into the diet
(48 g WGs per day for four weeks followed by 96 ¢ WGs for another four weeks, n = 67, mean
age = 54.6 £ 5.86, BMI = 25.6 & 3.17 kg/m?) was more effective in reducing blood cholesterol
concentrations than WG foods made with wheat. Haldar et al. (2009) suggested that this may be
due to the higher soluble fiber content of rye. There are likely other factors. In general, not all
WGs (or dietary fibers) have equal effects on health (Jones 2009).

The challenges regarding the relationship of WG intake to CHD are similar to those discussed
for diabetes. There is the confounding of nutritional and lifestyle factors in the epidemiological
studies that were discussed in the LSRO review (De Moura 2008). This was also summarized
in a Cochrane review, which assessed one randomized control trial and eleven prospective co-
hort studies (Priebe et al. 2008). As was seen with diabetes and blood glucose control, not all
grains have the same impact. Human interventions or animal experiments done with rye (high
in alkylresorcinols), oats (high in beta-glucan and avenanthremides), barley (high in beta-glucan),
or brown rice (high in oryzanol) have positive effects on various heart disease markers. Often the
disease markers and the biochemical mechanisms influenced by the specific grains are different.
Nonetheless, there are WG health claims in a number of countries (See Sidebar on Whole Grain
Health Claims Worldwide) as well as cholesterol lowering claims for barley and oats.

There are a number of mechanisms that suggested as to why whole grains might reduce CHD
risk. These include:
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1. Gut fermentation of WG fibers such as beta-glucan (Karmally et al. 2005, Behall et al. 2004)
lowers serum cholesterol.

2. Colonic fermentation of WG carbohydrates produces short-chain fatty acids, which are
absorbed and go to the liver, where they inhibit cholesterol synthesis by the same mechanisms
that statin drugs do (Marcil et al. 2003).

3. Fiber and its components bind bile acids (Sayar et al. 2006, Chronakis et al. 2004) and
encourage their excretion, and force bile acid synthesis from circulating cholesterol (Lundin
etal. 2004, Yang et al. 2003).

4. High fiber intakes, including fibers from WGs, decrease serum triglycerides, which are
another risk factor for CHD (Anderson 2000).

5. Whole grain phenolic antioxidants inhibit both LDL cholesterol oxidation (Madhujith &
Shahidi 2007) and platelet aggregation. Also, they are antithrombotic and improve vascular
reactivity (Kris-Etherton et al. 2002).

6. Whole grain alkyresorcinols increase serum enterolactone, which reduces risk (Vanharanta
etal. 2003).

Cancers

Human studies show that WGs (cereal fiber) decrease risk of cancers of the upper gut (La Vecchia
et al. 2003) but are unclear about whether WGs reduce risk of colorectal cancer. Case-control
studies consistently show that WGs (cereal fiber) reduce colorectal cancer risk 35% to 50%
(Wakai et al. 2006). Several large epidemiological studies, including the European Prospective
Investigation into Cancer and Nutrition (n = 519,978), show that the quintile ingesting the most
cereal fiber had a 25% reduction in risk of large bowel cancer (Bingham et al. 2003). However,
several studies with United States cohorts found no protective effect of cereal fiber (Schatzkin
et al. 2000; Fuchs et al. 1999) The lack of effect was seen in the Pooling Project of Prospective
Studies of Diet and Cancer, which included 13 prospective cohort studies and a total of 725,628
men and women (Park et al. 2005). The Pooling Project showed a 16% decrease in risk associated
with dietary fiber, but the association was no longer statistically significant after adjusting for other
factors. Itis possible that epidemiological studies with United States cohorts, as opposed to studies
in Europe, fail to show significant colorectal cancer risk reduction because the amount of fiber eaten
even by those ingesting the most cereal fiber may be below levels needed to have a disease-reducing
effect.

Although early epidemiological studies flagged an inverse association between WG intake and
colorectal cancer (Fraser 1999, Chatenoud et al. 1999, Jacobs et al. 1998), later studies left some
questions. For example, the risk of invasive colorectal cancer inversely related to WG intake in the
prospective National Institutes of Health-AARP Diet and Health Study with 291,988 men and
197,623 women aged 50-71 years (Schatzkin et al. 2007). There was a 21% decrease in risk for the
highest versus the lowest quintile, and the reduced risk associated with WG intake was stronger
for rectal cancer than for colon cancer. However, in a case-control study with subjects from
the western United States, rectal cancer risks, but not colon cancer risks, were reduced by 31%
for the quintile eating the most WGs (Slattery et al. 2004). The results from the latter two studies
were different than those in the Swedish Mammography Cohort (n = 61,433). Women reporting
the greatest consumption of WGs (>4.5 servings per day versus those eating <1.5 servings per
day) had lower risk of cancer of the colon, but not the rectum (Larsson et al. 2005).

A meta-analysis of 11 cohort studies looking at the relationship between WG intake and
colorectal cancer showed that WG consumption inversely associated with the risk of developing
colorectal cancer, but the effect was small (FHaas et al. 2009).
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A delineation of the roles of WGs and cereal fiber in reducing colon cancer risk is needed,
along with research designed to establish a minimum daily amount of WGs. Further, biochemical
mechanisms and characterization of genetic, dietary, and lifestyle factors that may influence study
results are needed. Perhaps greater clarity will emerge by assessing the roles of specific WGs,
given that the amounts and types of fermentable carbohydrate and specific phytochemicals vary in
the different grains, species, and cultivars (Charalampopoulos et al. 2002a,b; Kuijsten et al. 2006;
Hallmans et al. 2003; Adom et al. 2005; Adom & Liu 2002).

The association between WGs and other types of cancer is less well studied and often results
in conflict. Whole grain intake was unrelated to breast cancer among postmenopausal women
(Egeberg et al. 2009). Results of the few studies on pancreatic cancer are conflicting. For example,
a case-control study in California with more than 500 cases showed that eating two or more
servings of WG per day significantly reduced the risk of pancreatic cancer, but eating cooked
oatmeal or oat bran two or more times per week increased risk (Chan et al. 2007). For oral and
pharyngeal cancer, it appears that WGs may reduce risk (Garavello et al. 2009). More studies are
needed in all these areas. Potential biochemical mechanisms need to be proposed.

For all cancer types a number of mechanisms for whole grains have been proposed: These
include the following:

1. Whole grains deliver cereal fibers and fermentable carbohydrates to the gut, where they act
as prebiotics (Charalampopoulos et al. 2003, Charalampopoulos et al. 2002a, Pool-Zobel &
Sauer 2007).

2. Substrates like butyrate promote growth of healthy colonic cells and cause aberrant cells
to apoptose (Kim & Milner 2007). Butyrate has been shown in animal studies to exert
antineoplastic activity and to upregulate tumor suppressor activity (Grésten et al. 2000).

3. Short-chain fatty acids decrease colonic pH, which is associated with lower colon cancer
risk (Charalampopoulos et al. 2002a,b; Gristen et al. 2000; Bird et al. 2008).

4. Binding of bile acids inhibits conversion of primary bile acids to the more problematic
secondary bile acids and in turn lowers carcinogenic potential (Alberts et al. 2003, McGarr
etal. 2005, Reddy et al. 1998).

5. Whole grains, fiber, and resistant starch shorten transit time and increase fecal bulking (van
Bennekum et al. 2005, Hongisto et al. 2006) and therefore carcinogenic moieties have less
time to form and to interact with gut epithelium.

6. Whole grain antioxidants and phytochemicals in the lower bowel directly protect colonic
cells from damage by reactive oxygen and other constituents (Muir et al. 2004).

7. Lignans like alkylresorcinols, especially prevalent in rye, can be converted to mammalian
lignans (enterodiol or enterolactone) (Muir et al. 2004), which are associated with a reduction
in colorectal adenoma risk (Adom & Liu 2002, Adlercreutz 2007).

ALL-CAUSE MORTALITY

Epidemiological studies such as the Iowa Women’s Health Study (Sahyoun et al. 2006) showed
that those who ate the most WGs had approximately a 20% lower mortality rate than those who ate
the least. The lower mortality rate included reductions in deaths from CHD, CVD, and cancer.
Vastly different elderly cohorts—in Iran (Esmaillzadeh et al. 2005, Esmaillzadeh & Azadbakht
2006) and in the Atherosclerosis Risk in Communities (ARIC) Study—and a mixed-ethnicity,
population-based prospective study with nearly 12,000 subjects (Steffen et al. 2003) gave similar
results. In both groups, the consumption of fruits, vegetables, and WGs inversely related to the
risk of total mortality.
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The relationship of all-cause mortality and WG consumption suffers from the same confound-
ing that all observational studies do. Perhaps WGs are simply a marker of someone who selects
healthier food options on a regular basis, does regular exercise, tries to maintain weight and
has a whole battery of other healthy behaviors. More research is needed to understand the bio-
chemical mechanisms of action of the functional components of WGs alone and in various food
matrices.

WHOLE GRAIN RECOMMENDATIONS, REGULATORY
CHALLENGES, AND THE CONSUMER

Given the healthy halo associated with WGs, government bodies and health promotion organiza-
tions around the world have recommended increased WG intake. For example, the 2005 United
States Dietary Guidelines Advisory Committee recommends that consumers make “half their
grains whole.” For adults on a 2000 calorie diet, this means that three of the six grain servings
be WG. Given that a slice (1 oz or 30 g) of WG bread is considered a serving and has 16 g of
WGs per slice, at least 48 g of WGs per day are recommended. The European Union Healthgrain
platform and organizations such as Australia’s GoGrains have similar recommendations.

Some WG proponents argue that all grains consumed should be WGs. Yet, there are several
reasons for recommending that only half of grain servings be whole. Enriched and fortified refined
grains provide several important B vitamins, including folate, which was listed by the 2005 Dietary
Guidelines Advisory Committee as a nutrient of concern because many segments of the population
fail to meet the folate recommendation (Table 2). Since the mandatory fortification of enriched
flour began in the United States on January 1, 1998, folate has been shown to reduce the risk of

Table 2 Nutrient content of whole grain and enriched wheat flour (USDA 2008)

Whole grain wheat flour Enriched wheat flour
Nutrient (units) per cup (120 g) per cup (125 g)
Calories 407 455
Protein (g) 16.44 12.91
Fat (g) 2.24 1.23
Dietary fiber (g) 14.6 3.4
Sugars (g) 0.49 0.33
Vitamins
Iron (mg) 4.66 5.80
Zinc (mg) 3.52 0.88
Copper (mg) 0.458 0.180
Manganese (mg) 4.559 0.853
Selenium (mcg) 84.8 424
Minerals
Thiamin (mg) 0.536 0.981
Riboflavin (mg) 0.258 0.618
Niacin (mg) 7.638 7.380
Vitamin Bs (ing) 0.409 0.055
Folate/folate, total (mcg) 44 183
Vitamin E (ing) 0.98 0.28
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pregnancies affected by neural tube defects (spina bifida and other neurological abnormalities) by
more than 50% and as much as 70% (Canfield et al. 2005, Mills & Signore 2004). Other studies
indicate an association between folate intake and decreased risk of incident hypertension, CHD,
stroke, and cancer (Nie et al. 2006, Zhang et al. 2006, Yang et al. 2006).

Refined grains offer other advantages. Minerals within such are more bioavailable because of
fewer inhibitory factors such as phytate (Reeves et al. 2007, Frontela et al. 2009). Given that outer
grain layers contain the majority of the contaminants including heavy metals and mycotoxins,
refined grains often are lower in these (Brera et al. 2006, Sales and Yoshizawa 2005, Ryu et al.
2002, Wang et al. 2002).

Despite universal agreement that WG intake should increase, consumers in western countries
fail to meet recommended intakes (Thane et al. 2007, 2005). In North America, more than 90%
of the population fails to meet the recommendations (Jones 2004). Data are just starting to show
increased WG consumption (Lipson 2009), due in part to increased WG products. Lipson’s (2009)
recent report noted that there were increases of 17% per year since 2005 both in food service and
the grocery aisle. Yet they still comprise less than 10% of the offerings in most categories.

There are a number of barriers to increased consumption. Although there are many groups
recommending more WG foods, the WG message is one among many messages consumers
hear, from the need to control weight, to lower salt and added sugar, and to eat more vegetables
and fruits. Thus, the WG message can be lost in the cacophony of messages that try to capture
consumers’ attention. Health professionals rarely have time to spend on this message in counseling
patients (Chase et al. 2003). Consumers, health professionals, and food service providers are
confused about what constitutes a WG or WG food. They do not always understand the definition
of a WG, amounts of WG in a food, or the amount recommended (Chase et al. 2003, Hesse et al.
2009).

Cost is an issue for both industry and the consumer. Production of WGs costs more than
their refined counterparts. Acceptable WG breads use expensive ingredients such as white whole
wheat and vital wheat gluten to give them the lighter color and texture. Such breads take longer
time on the bakery floor to rise and bake. WG ingredients and foods are more perishable be-
cause of the fatty acids in the germ. This means they require special treatment or packaging,
or they have shorter shelf life. All of the above increases cost. Companies who for years have
produced little WG food may have massive up-front costs as they retool lines to accommo-
date differences in dough flow and panning for WG foods, in addition to food product devel-
opment work required to make an acceptable WG food. There are also marketing, labeling,
and other introduction costs that go along with a new product. Further a new product may
simply change what brand-loyal consumers buy (WG versus refined grain), resulting in no net
change in sales. Thus, a company may invest significantly in new WG foods and not increase
profit. For home consumers and foodservice operators, the higher cost of WG foods compared
with their refined grain counterparts is problematic especially for those on tight budgets or op-
erations with razor-thin margins such as nursing homes and schools (Darmon & Drewnowski
2008).

Another issue is the consumers’ willingness to try foods that are not part of the regular diet.
Children and adults need repeated opportunities to try and accept unfamiliar foods, and WGs are
no exception (Cooke 2007). Interventions that gradually increase WGs in school lunch improved
children’s WG intake. Simultaneous parent education programs reinforced WG consumption in
the home (Burgess-Champoux et al. 2008). For adults, increased WG acceptance by non-WG
(less than 30 g per day at baseline) overweight consumers occurred in a recent intervention study
(Brownlee et al. 2009b). Volunteers (n = 266) were assigned either to a WG intervention or
to continue with their ordinary diet. The intervention group increased their WG consumption
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by greater than 70 g per day. The interesting result was that the control group’s eating pattern
remained the same both during and post intervention, whereas the WG intervention group ap-
proximately doubled WG intake 12-months postintervention, showing that people can and do
change. Brownlee et al. (2009a) also found similar results in their WHOLEheart Study with 316
United Kingdom subjects.

Issues about perception of the need for change, education, and communication also exist. A
General Mills study noted that nearly two-thirds of respondents thought they were getting enough
WGs, suggesting that many consumers think that they are meeting the WG recommendations
and do not need to change. There needs to be more education regarding the benefits of WGs in
health and disease prevention. This needs to be widely promulgated by trusted communicators
to consumers and health professionals alike through a variety of media and community education
outlets using motivating, consumer-friendly language. Industry needs to speak with one voice
perhaps using a health promotion organization for more credibility. The publishing of the Dietary
Guidelines 2010 may be an opportunity for more media outreach.

Rosen et al. (2009) also noted that communication barriers and unclear promotional mes-
saging further fuel rampant confusion regarding identification of WG foods. There are three
ways to identify WGs in foods. (#) If the first ingredient on the ingredient statement is WG, the
food is WG. However, this may not be an effective identifier of a WG food if it contains mul-
tiple WG ingredients. For example, an ingredient statement could read: Enriched flour, whole
wheat flour, oatmeal, whole meal rye, honey, yeast, and salt. This food could have almost no
WGs as it could be 96% enriched flour, or the food could be 26% enriched flour, 25% whole
wheat flour, 23% oatmeal, 23% brown rice flour, and 2% honey, yeast, and salt. The latter food
would be 71% WGs, but there would be no way to tell this from the ingredient statement. Even
fiber listings on the Nutrition Facts Panel may not be a fool-proof guide. () If the food car-
ries a United States Food and Drug Administration-authorized health claim, then consumers
can know that a food labeled as such contains at least 51% WG ingredients by weight. It also
must be low in saturated fat and cholesterol and contain 1.7 g of dietary fiber per serving for
all WGs except brown rice, which is naturally low in fiber (Figure 1) (Marquart et al 2003).
However, even this health claim has some limitations. Although it works well for low-moisture
foods such as cereals and crackers or other items that are sold by dry weight such as oatmeal,
it is less workable for higher moisture foods such as bread. Achieving the 51% WGs in many
breads as part of the total formulation is difficult because bread is 40% water and contains yeast
and salt. If a bread contains nutritious additions such as flaxseed, walnuts, or raisins, it will not
qualify for the health claim even if the bread is entirely made with whole wheat flour because
WGs will not be 51% of the weight. () Foods that carry the WGs Council stamp are WG
(Figure 2). Foods can be WG and not display the stamp if the food manufacturer does not pay
the fees required for the program. At the time of this writing, the FDA has yet to define whole
grains to help manufacturers and consumers determine what is—and what is not—a whole-grain
food.

SUMMARY POINTS
1. Whole grains are confusing consumers and scientists.

2. As time goes on, scientists may well discover that the most important part of a healthy
diet is increasing the relative amount of plants we eat, and this includes whole grains
(Bittman 2009).

Jones o Engelson



Annu. Rev. Food Sci. Technol. 2010.1:19-40. Downloaded from www.annualreviews.org
by Rowan University on 01/02/12. For personal use only.

3. Whole grain cereals and pseudocereals were defined by the American Association of Ce-
real Chemists International (AACCI) in 1999 as follows: Whole grains shall consist of the
intact, ground, cracked, or flaked caryopsis (kernel or seed), whose principal anatomical
components—the starchy endosperm, germ, and bran—are present in the same relative

Bioactive: a substance
that has an effect on
living tissue
proportions as they exist in the intact caryopsis.
4. The 2005 U.S. Dietary Guidelines Advisory Committee has recommended that con-
sumers make “half their grains whole.”

5. Whole grains contain a number of functional components. These components suggest
many possible biochemical mechanisms by which whole grains may reduce risk of a
variety of chronic diseases. It is yet to be determined whether disease reduction is due to
a synergy of functional whole grain components or to any one component.

6. Whole grains are linked to reduced risk of obesity or weight gain; reduced risk of CVD
including CHD, hypertension, and stroke; improve gut health and decrease risk of cancers
of the upper gut; perhaps reduced risk of colorectal cancer; and lower mortality rate.

7. It is possible to change consumption habits with respect to whole grains in children and
adults.

8. In order to improve public health, further research on whole grains as a category and on
specific grains will hopefully lead to foods with more of all-health-protective components
and to foods with high levels of selected components (Jones 2009). Meeting nutrient
requirements has always been about variety and moderation, and these principles hold
true in the area of grain selection.

FUTURE ISSUES

Further work is needed on the following (Jones 2009):
1. An internationally agreed definition of WGs for both research and general use.

2. True biomarkers of disease for assessing health effects of eating WGs and high fiber
foods and a grain biomarker to test analytically for WGs in food.

3. A characterization of cofounders that impact study outcomes.

4. A characterization of the relationship between studies with isolated bioactive compounds
and those of the compound in the WG food matrix with other dietary constituents.

. A delineation of the synergy that exists between components of the grain.
. A delineation of the strength of evidence for WGs as a category and for specific grains.

. An industrial effort to broaden the use of nonwheat grains.

R I O W

. A multidisciplinary approach with foodservice, academia, government, and industry
experts to develop a new paradigm for the development, delivery, and service of WGs.
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Figure 1

The Whole Grain Health Claim.
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