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Abstract

Epidemiologic studies support that whole grains may 
protect against cardiovascular disease, diabetes, obesity 
and cancer. Whole grains contain all parts of the grain, 
the bran, the germ, and the endosperm. Whole grains 
are rich in nutrients and phytochemicals with known 
health benefits such as dietary fibre, antioxidants includ-
ing trace minerals and phenolic compounds, phytoestro-
gens such as lignan, vitamins and minerals. Whole grain 
feeding studies report improvements in desirable bio-
markers with whole grain consumption, including blood 
lipid lowering, improved laxation, and antioxidant pro-
tection. Despite universal recommendations, including 
the United States 2005 Dietary Guidelines to consume 
at least 3 servings of whole grains each day, the usual 
whole grain intake in Western countries is only about 1 
serving per day. Although grains are popular food sourc-
es in Latin America, except for traditional eating patterns 
like corn tortillas, most grain intake is refined. Strategies 
to increase whole grain consumption in Latin America 
are urgently needed to help combat the growing prob-
lem of chronic disease, especially obesity.

Nutritional issues in Latin America

Latin American represents a large land mass and a cultur-
ally diverse population. Yet with urbanization throughout 
the region, emerging health issues parallel those found in 

other Westernized countries. Chronic diseases associated 
with consumption of energy-dense foods combined with 
less physical activities are increasing in prevalence (1). This 
rapid increase of non-communicable chronic diseases and 
obesity is found within an environment where low intake 
of micronutrients and high quality protein is also pres-
ent. The rapid rise in obesity and diabetes in women and 
children is particularly alarming and dietary strategies to 
improve public health are urgently needed (2).

Food patterns in Latin America

With urbanization comes a shift from traditional eat-
ing patterns to a more Westernized eating pattern. 
The trend of increased consumption of white bread, 
sweetened beverages,snacks and desserts is of concern 
to public health nutritionists in Latin America. Because 
of the looming problems of obesity and associated dis-
eases, public health messages must reinforce ashift from 
consumption of carbohydrate foods with lower nutrient 
density to carbohydrate foods with higher nutrient den-
sity. Foods rich in nutrients including dietary fiber, miner-
als, vitamins, and phytochemicals must be promoted in 
Latin America to help in the prevention of obesity and 
other chronic diseases.  

What are whole grains

Whole grain includes cereal grains that consist of the in-
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tact, ground, cracked or flaked fruit of the grains whose 
principal components – the starch endosperm, germ and 
bran – are present in the same relative proportions as 
they exist in the intact grain (3). Health aspects of whole 
grains have long been known. Physicians and scientists in 
the 1800s to mid 1900s recommended whole grains to 
prevent constipation. The “fiber hypothesis”, published 
in the early 1970s, suggested that whole foods, such as 
whole grains, fruits, and vegetables, provide fiber along 
with other constituents that have health benefits. 

For the last 3,000 years, most of the world has relied 
upon whole grains as a main portion of the diet. It is only 
within the past 100 years that people have consumed 
refined grain products. Prior to this time, gristmills were 
used for grinding grains and they did not separate the 
bran and germ from the white endosperm. In 1873, the 
roller mill was introduced and it efficiently separated the 
bran and germ from the endosperm causing a dramatic 
decline in whole grain consumption observed from about 
1870 to 1970 (4).

The most commonly consumed grains are wheat, oats, 
rice, corn, and rye (Table 1), with wheat constituting 66–
75% of the total (5). Buckwheat, wild rice, and amaranth 
are not botanically true grains, but are typically associ-
ated with the grain family due to their similar composi-
tion. The United States Food and Drug Administration 
guidance on whole grains released on 2/15/2006 listed 
amaranth, barley, buckwheat, bulgur, corn (including 
popcorn), millet, quinoa, rice, rye, oats, sorghum, teff, 
triticale, wheat, and wild rice as whole grains (3). The 
FDA also listed what was not a whole grain, i.e. legumes 
(such as soybeans and chickpeas), oilseeds (such as sun-
flower and flax), and roots (such as arrowroot).

All grains have a bark-like, protective hull, beneath which 
are the endosperm, bran, and germ (Figure 1). Relative-
ly few vitamins, minerals, fibre, or phytochemicals are 
located in the endosperm fraction. The germ is a rela-
tively minor contributor to the dry weight of most grains 
(typically 4–5% in wheat and barley). The germ of corn 
contributes a much higher proportion to the total grain 
structure than that of wheat, barley, or oats. The fibre 
content of whole grains also varies greatly, with whole 
wheat being concentrated in fibre while brown rice is 
particularly low in fibre (Table 2).

Generally, grains are ground into flour and processed 
into grain-based foods. Whole grains foods are made 
with the entire grain seed (kernel). If the kernel has been 
cracked, crushed, or flaked it must retain nearly the 
same relative proportions of bran, germ, and endosperm 
as the original grains. Grains are milled to enhance de-
sirability, improve texture, flavor, and appearance or to 
increase shelf life.

A nutrient comparison of wholewheat flour and en-
riched, white wheat flour is shown in Table 3 (6). Most of 
the dietary fibre is lost in the milling process, with signifi-
cant losses in calcium, magnesium, and potassium also 
particularly evident. White flour is enriched in thiamin, 

riboflavin, niacin, iron, and folic acid; some whole grain 
products are also enriched with folic acid. Processing of 
whole grains does not remove biologically important 
compounds (5). Analysis of processed breads and cereals 
indicate that they are a rich source of antioxidants (7).  
Processing may open up the food matrix, thereby allow-
ing the release of tightly bound phytochemicals from the 
grain structure (8).  

Whole grain consumption

Many consumers are unaware of the health benefits of 
whole grains or the recommendations regarding increased 
intake. Also, there is much confusion on which products 
are truly whole grain. The bran portion of a whole grain 
may be highly colored and contain stringent, intensely 
flavored compounds that are not always appealing in 
taste. Other barriers to whole grain consumption include 
price, softness, texture, and moisture content. 

Americans consume far less than the recommended 3 
servings of whole grains on a daily basis. According to 
a survey of Americans 20 years and older (9), total grain 
intake was 6.7 servings per day with only 1.0 of these 
servings being whole grain. Only eight percent of the 
study participants consumed the recommended 3 serv-
ings of whole grains on a daily basis. Another investiga-
tion (10) reported that less than two percent of the study 
population consumed 2 or more whole grain servings 
per day, and 23% consumed no whole grains over the 
2-week reporting period. Average whole grain consump-
tion for this study was 0.5 servings per day. A study of 
United States children and teens reported consumption 
of whole grains was less than 1 serving per day (11).   

Whole grain intake studies in other countries find simi-
lar results. Except for parts of Scandinavia where whole 
grains breads are the norm, whole grain consumption 
is low (12). In the UK, median consumption of whole 
grains was less than one serving per day (12). Thane et al 
(13) estimated whole-grain intake in a nationally repre-
sentative sample of young people aged 4-18 years living 
in Great Britain. Whole-grain intake was estimated using 
7 d weighed dietary records from 1583 young people 
participating in the National Diet and Nutrition Survey 
in 1997. Whole grain intake was quantified from the 
consumption of all foods containing > 10% whole grain 
content. Median whole grain intake was 7 g/day with 
a mean of 13 g/day. There was no whole-grain intake 
for 27% of the participants. The main sources of whole 
grain intake were breakfast cereals and bread.

There are no published studies on whole grain intake in 
Latin America. Different countries in Latin America have 
different grain consumption patterns. Corn tortillas tradi-
tionally have been a staple in the Mexican diet and would 
be considered whole grain. However, recent trends in 
Mexico find more consumption of white bread and less 
consumption of traditional corn-based tortillas.  Elsewhere 
in Latin America, biscuits, white rice, and breads are popu-
lar, but in general with urbanization, less traditional food 
preparation methods are used and Latin American con-
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sumers are choosing more refined grain products.

Components in whole grains that deliver 
health benefits

The “fibre hypothesis”, published in the early 1970s, 
suggested that whole foods, such as whole grains, fruits, 
and vegetables, provide fiber along with other constitu-
ents that have health benefits. The bran and germ frac-
tions derived from conventional milling provide the ma-
jority of the biologically active compounds found in a 
grain. Specific nutrients include high concentrations of 
B vitamins (thiamin, niacin, riboflavin, and pantothenic 
acid) and minerals (calcium, magnesium, potassium, 
phosphorus, sodium, and iron), elevated levels of basic 
amino acids (e.g., arginine and lysine), and elevated to-
col levels in the lipids. Numerous phytochemicals, some 
common in many plant foods (phytates and phenolic 
compounds) and some unique to grain products (av-
enanthramides, avenalumic acid), are responsible for the 
high antioxidant activity of whole grain foods (7).

Table 4 lists some of the potential bioactive compounds 
in whole grains. As most research has been conducted 
on the antioxidant activity of whole grains, details on this 
mechanism will be presented.  

Antioxidants

Whole grain products are relatively high in antioxidant 
activity. Naturally-occurring antioxidants found in whole 
grain foods are water-soluble, fat-soluble and approxi-
mately half are insoluble. Soluble antioxidants include 
phenolic acids, flavonoids, tocopherols, and avenanth-
ramides in oats. A large part of insoluble antioxidants are 
bound as cinnamic acid esters to arabinoxylan side chains 
of hemicellulose. Wheat bran insoluble fiber contains 
approximately 0.5-1.0% phenolic groups. Covalently 
bound phenolic acids are good free radical scavengers.  
About two-thirds of whole grain antioxidant activity is 
not soluble in water, aqueous methanol or hexane. 

In addition to natural antioxidants, antioxidant activity 
is created in grain based foods by browning reactions 
during baking and toasting processes that increases total 
activity in the final product as compared to raw ingredi-
ents. For example, the crust of white bread has double 
the antioxidant activity of the starting flour or crust free 
bread. Reductone intermediates from Maillard reactions 
may explain the increase in antioxidant activity. The total 
antioxidant activity of whole grain products is similar to 
that of fruits or vegetables on a per serving basis (14). 

Adom and Liu (15) suggest that the antioxidant activity 
of grains reported in the literature has been underesti-
mated since only unbound antioxidants are usually stud-
ied. They report that in wheat 90% of the antioxidants 
are bound. Bound phytochemicals could survive stom-
ach and intestinal digestion, but would then be released 
in the large intestine and potentially play a protective 
role. When they compared antioxidant activity of various 
grains, corn had the highest total antioxidant activity, 

followed by wheat, oats and then rice.  In wheat, bound 
phenolics contribute more antioxidant protection than 
either free or esterified (16). Additionally, 85% of the to-
tal hydrophilic antioxidant activity and 94% of the total 
lipophilic antioxidant activity is in the bran/germ fraction 
of wheat, again supporting the importance of including 
the whole grain in human foods (17).

The health benefits of whole grains

Whole Grains and Cardiovascular Disease

There is strong epidemiological and clinical evidence link-
ing consumption of whole grains to a reduced risk for 
coronary heart disease (18). Morris et al (19) followed 
337 subjects for 10-20 years and concluded that a re-
duction in heart disease risk was attributable to a higher 
intake of cereal fiber, while indicating soluble sources 
such as pectin and guar did not account for the lower 
coronary heart disease (CHD). A pooled analysis of co-
hort studies on dietary fiber and risk of coronary heart 
disease found that consumption of dietary fiber from 
cereals and fruits was inversely associated with risk of 
coronary heart disease (20).

Large prospective epidemiologic studies have found a 
moderately strong association between whole grain in-
take and decreased CHD risk. Post-menopausal women 
(34,492), age 55-69 years and free of CHD were followed 
in the large prospective Iowa Women’s Health Study for 
occurrence of CHD mortality (n=387) between baseline 
(1986) and 1994 (21). Whole-grain intake was deter-
mined by 7 items in a 127-item food frequency question-
naire which was used to divide participants into quintiles 
based on mean servings of whole-grain intake per day.  
The risk reduction in higher whole-grain intake quintiles 
was controlled for more than 15 confounding variables, 
and was not explained by adjustment for dietary fiber 
intake. This suggests that whole grain components other 
than dietary fiber may reduce risk for CHD.

In a Finnish study, 21,930 male smokers (aged 50-69 
years) were followed for 6.1 years (22). Reduced risk 
of CHD death was associated with increased intake of 
rye products. Rimm et al (23) examined the association 
between cereal intake and risk for myocardial infarction 
(MI) in 43,757 US health professionals, aged 40 to 75 
years. Cereal fiber was most strongly associated with re-
duced risk for MI with a 0.71 decrease in risk for each 10 
g increase in cereal fiber intake.

The Nurses’ Health Study, a large, prospective cohort 
study of US women followed up for 10 years, was also 
used to examine the relationship between grain intake 
and cardiovascular risk (24). A total of 68,782 women 
aged 37 to 64 years without previously diagnosed an-
gina, myocardial infarction, stroke, cancer, hypercholes-
terolemia, or diabetes at baseline were studied. Dietary 
data were collected with a validated semiquantitative 
food frequency questionnaire. Because of confounding, 
the authors controlled for age, cardiovascular risk fac-
tors, dietary factors, and multivitamin supplement use.   
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For a 10 g/day increase in total fiber intake (the differ-
ence between the lowest and highest quintiles), the mul-
tivariate RR of total CHD events was 0.81 (95% CI, 0.66 
- 0.99). Among different sources of dietary fiber (cereal, 
vegetable, fruit), only cereal fiber was strongly associated 
with a reduce risk of CHD (multivariate RR, 0.63; 95% 
CI, 0.49 - 0.81 for each 5 g/d increase in cereal fiber).  
The authors conclude that higher fiber intake, particu-
larly from cereal sources, reduces the risk of CHD. 

Since whole grains are the predominant dietary fiber 
source in the United States, it is difficult to separate out 
the protection of dietary fiber from whole grains. Jensen 
et al (25) examined intakes of whole grains, bran, and 
germ and risk of coronary heart disease from food fre-
quency data in the Health Professionals Follow-Up study. 
Added germ was not associated with CHD risk and the 
authors conclude that the study supports the reported 
beneficial association of whole-grain intake with CHD 
and suggests that the bran component of whole grain 
could be a key factor in this relation. 

Food consumption patterns that include whole grains 
appear protective for cardiovascular disease. Van Dam 
et al (26) report that intake of refined diets which do not 
include whole grains was associated with higher serum 
cholesterol levels and lower intakes of micronutrients. A 
prudent dietary pattern, including intake of whole grains, 
was associated with lower C-reactive protein levels and 
endothelial dysfunction, an early step in the development 
of atherosclerosis (27). Whole grain food intake was also 
associated with lower levels of C- reactive protein in the 
Nurses Health Study (28). A prospective cohort study of 
post-menopausal women found that consumption of ce-
real fiber and whole-grain intake reduced progression of 
coronary-artery atherosclerosis (29).  

A wide range of biomarkers relevant to CVD was mea-
sured within a healthy subsample of the Health Profes-
sionals Follow-up Study and the Nurses’ Health Study II 
(30). Higher intake of whole grain was associated with 
lower homocysteine and total cholesterol. The results 
suggest a lower risk of heart disease in persons who 
consume diets high in whole grains. Sahyoun et al (31) 
recently reported a significant inverse trend between 
whole grain intake and mortality from cardiovascular dis-
ease, independent of demographic, lifestyle and dietary 
facts. In addition, fasting glucose and body mass index 
decreased across increasing quartile categories of whole 
grain intake.

Whole Grains and Blood Glucose

Epidemiologic studies consistently show that risk for 
type 2 diabetes mellitus is decreased with consumption 
of whole grains (32). Intake of fiber from whole-grain 
cereals has also been found to be inversely related to 
type 2 diabetes. In a long-term study of almost 90,000 
(33) women and in a similar study of about 45,000 men 
(34), researchers found that those with higher intakes 
of cereal fiber had about a 30% lower risk for develop-
ing type 2 diabetes, compared to those with the lowest 

intakes. Montonen et al (35) reported an inverse asso-
ciation between whole-grain intake and risk of type 2 
diabetes in a cohort study. Cereal fiber intake was also 
associated with a reduced risk of type 2 diabetes.  

Additionally, the Iowa Women’s Health Study found that 
dietary fiber and whole grain intake were protective 
against type 2 diabetes (36). In another study (37), indi-
viduals consuming mostly  refined grains and little whole 
grain had a 57% higher risk of type 2 DM than did those 
consuming larger amounts of whole grains. In the Health 
Professional Follow-up Study, an investigation following 
42,898 men, a 37% lower risk of type 2 DM was asso-
ciated with about 3 servings/day of whole grain intake 
(38). Liu (39)  pooled data from prospective cohort stud-
ies of whole grain intakes and type 2 diabetes; whole 
grain intake reduced relative risk of diabetes by 30%.  

Some feeding studies have been conducted to evalu-
ate the relationship between whole grains and glucose 
metabolism. Periera et al (40) tested the hypothesis that 
whole-grain consumption improves insulin sensitivity in 
overweight and obese adults. Eleven overweight or obese 
hyperinsulinemic adults aged 25-56 years consumed 2 
diets, each for 6 weeks. Diets were identical, except that 
refined grain products were replaced by whole products.  
At the end of each treatment, subjects consumed 355 
ml of a liquid mixed meal, and blood samples were taken 
over 2 hours. Fasting insulin was 10% lower during con-
sumption of the whole-grain diet. The authors conclude 
that insulin sensitivity may be an important mechanism 
whereby whole grain foods reduce the risk of type 2 dia-
betes and heart disease.

Juntunen et al (41) evaluated what factors in grain prod-
ucts affected human glucose and insulin responses.  
They fed the following grain products:  whole-kernel rye 
bread, whole-meal rye bread containing oat beta-glucan 
concentrate, dark durum wheat pasta, and wheat bread 
made from white wheat flour. Glucose responses and 
the rate of gastric emptying after consumption of the 
2 rye breads and pasta did not differ from those after 
consumption of white wheat bread. Insulin, glucose-de-
pendent insulinotropic polypeptide, and glucagon-like 
peptide1, were lower after consumption of rye breads 
and pasta than after consumption of white wheat bread.  
Postprandial insulin responses to grain products may be 
determined by the form of food and botanical structure 
rather than by the amount of fiber or type of cereal in 
the food.

McKeown et al (42) reported that whole grain intake 
was inversely associated with body mass index and fast-
ing insulin in the Framingham Offspring Study. Juntunen 
et al (43) fed high-fiber rye bread and white-wheat bread 
to postmenopausal women and measured glucose and 
insulin metabolism. Acute insulin response increased sig-
nificantly more during the rye bread periods than during 
the wheat bread period. They suggest that high-fiber rye 
bread appears to enhance insulin secretion.  
 
McIntosh et al (44) fed rye and wheat foods to over-
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weight middle-aged men. The men were fed low-fiber 
cereal grains foods providing 5 grams of dietary fiber 
for the refined grain diet and 18 grams of dietary fiber 
for the whole grain diet, either high in rye or wheat.  
This was in addition to a baseline diet that contained 14 
grams of dietary fiber. Postprandial plasma insulin was 
decreased by 46-49% and postprandial plasma glucose 
by 16-19% after consumption of the whole grain diet. 
Qi et al (45) examined whether intake of whole grains 
and dietary fiber was associated with inflammatory indi-
cators among 902 diabetic women in the Nurses’ Health 
Study. They suggest that whole grains and a low-glyce-
mic index diet may reduce systemic inflammation among 
women with type 2 diabetes. Jensen et al (30) found that 
whole-grain intake was most strongly inversely associ-
ated with plasma markers of glycemic control (fasting 
insulin, hemoglobin A1c, C-peptide, and leptin) in 938 
healthy men and women.

Body Weight Regulation 

Epidemiologic evidence supports that increased dietary 
fiber intake may play a role in obesity prevention (46).  
Studies also suggest an association between whole grain 
intake and the regulation of body weight. In the Coro-
nary Artery Risk Development in Young Adults (CARDIA) 
Study, whole grains were inversely associated with BMI 
and waist-hip ratio at baseline and 7 years later (47). Al-
though the differences were modest, the risk for weight 
gain and the development of overweight or obesity 
could be substantially decreased if the associations are 
true. A 10-year follow-up to the CARDIA study looked at 
dietary fiber, of which whole grains are a good source. 
Individuals with the highest dietary fiber intake (>21 
g/2000 kcal) gained approximately eight fewer pounds 
of weight than did those with the lowest intake (<12 
g/2000 kcal). Similar results were found for the waist-hip 
ratio (48). 

The associations between the intakes of dietary fiber and 
whole- or refined-grain products and weight gain over 
time were determined for the Nurses’ Health Study (49).  
Women who consumed more whole grains consistently 
weighed less than did women who consumed less whole 
grains. Over 12 years, those with the greatest increase 
in intake of dietary fiber gained an average of 1.52 kg 
less than did those with the smallest increase in intake 
of dietary fiber. Women in the highest quintile of dietary 
fiber intake had a 49% lower risk of major weight gain 
than did women in the lowest quintile.

Weight gain among men in the Health Professionals Fol-
low-up Study was followed over 8 years and compared 
to changes in whole-grain, bran, and cereal fiber intake 
(50). The increased consumption of whole grains was in-
versely related to weight gain, and the associations per-
sisted after changes in added bran or fiber intakes were 
accounted for. This suggests that the components in 
whole grains beyond dietary fiber may contribute to fa-
vorable metabolic changes that reduce long-term weight 
gain. These findings also indicate that compounds  bo-
tanically linked to fiber may confer benefits beyond the 

effect of fiber itself. In particular, vitamins, minerals, phe-
nolic compounds, and phytoestrogens are abundant in 
the bran and not in the starchy endosperm.  

Several factors may explain the influence of whole grains 
on body weight regulation. The high volume, low en-
ergy density and the relatively lower palatability of whole 
grain foods may promote satiation (regulation of energy 
intake per eating occasion through effects of hormones 
influenced by chewing and swallowing mechanics). Ad-
ditionally, whole grains may enhance satiety (delayed re-
turn of hunger following a meal) for up to several hours 
following a meal. Grains rich in viscous soluble fibers 
(e.g., oats and barley) tend to increase intraluminal vis-
cosity, prolong gastric emptying time, and slow nutrient 
absorption in the small intestine. 

Whole Grains and Cancer

There is substantial scientific evidence that whole grains 
as commonly consumed can contribute to reduced risk 
of cancer. In a meta-analysis of whole grain intake and 
cancer, whole grains were found to be protective in 46 of 
51 mentions of whole-grain intake, and in 43 of 45 men-
tions after exclusion of 6 mentions with design/reporting 
flaws or low intake (51). Odds ratios were <1 in 9 of 10 
mentions of studies of colorectal cancers and polyps, 7 
of 7 mentions of gastric and 6 of 6 mentions of other 
digestive tract cancers, 7 of 7 mentions of hormone-re-
lated cancers, 4 of 4 mentions of pancreatic cancer, and 
10 of 11 mentions of 8 other cancers. The pooled odds 
ratio was similar in studies that adjusted for few or many 
covariates. A systemic review of case-control studies con-
ducted using a common protocol in Northern Italy be-
tween 1983 and 1996 indicates that a higher frequency 
of whole grain consumption is associated with reduced 
risk for cancer (52). Whole grain was consumed primarily 
as whole grain bread and some whole grain pasta in the 
Italian studies.  

Cohort studies have demonstrated a lower risk for spe-
cific cancers, such as colorectal cancer in women (53) 
stomach (54), mouth/throat and upper digestive tract 
(55), and endometrial (56). Epidemiological studies have 
reported that higher serum insulin levels are associated 
with increased risk of colon, breast, and possibly other 
cancers. Reduction of these insulin levels by whole grains 
may be an indirect way in which the reduction in cancer 
risk occurs.

Dietary factors, such as fiber, vegetables, fruits, antioxi-
dants, vitamin B6 and phytoestrogen intake and lifestyle 
factors such as exercise, smoking and alcohol use, which 
are controlled for in most epidemiologic studies, do not 
explain the apparent protective effect of whole grains 
against cancer, again suggesting it’s the whole-grain 
“package” that is effective. Several theories have been 
offered to explain the protective effects of whole grains. 
Due to the complex nature of whole grains, there are 
many potential mechanisms that could be responsible 
for their protective properties.
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Increased fecal bulk and decreased transit time allow less 
opportunity for fecal mutagens to interact with the in-
testinal epithelium. Secondary bile acids are thought to 
promote cell proliferation, thus allowing increased oppor-
tunity for mutations to occur and abnormal cells to multi-
ply. The effect of fiber on the actions of bile acids may be 
attributable to the binding or diluting of bile acids. 

Whole grains also contain several antinutrients, such as 
protease inhibitors, phytic acid, phenolics and saponins, 
which until recently were thought to have only negative 
nutritional consequences. Some of these antinutrient 
compounds may act as cancer inhibitors by preventing 
the formation of carcinogens and by blocking the inter-
action of carcinogens with cells. Other potential mecha-
nisms linking whole grains to reduced cancer risk include 
large bowel effects, antioxidants, alterations in blood 
glucose levels, hormonal effects, and the influence of 
numerous biologically active compounds. 

Hormonally active compounds in grains called lignans 
may also protect against diseases. Lignans are com-
pounds processing a 2,3-dibenzylbutane structure and 
exist as minor constituents of many plants where they 
form the building blocks for the formation of lignin in 
the plant cell wall. The plant lignans secoisolariciresinol 
and matairesinol are converted by human gut bacteria to 
the mammalian lignans, enterolactone and enterodiol.   
Due to the association of lignan excretion with fiber in-
take, it is assumed that plant lignans are contained in the 
outer layers of the grain. Concentrated sources of lig-
nans include whole grain wheat, whole grain oats, and 
rye meal. Seeds are also concentrated sources of lignans 
including flaxseed seeds (the most concentrated source), 
pumpkin seeds, caraway seeds, and sunflower seeds.  

Grains and other high fiber foods increase urinary lig-
nan excretion, an indirect measure of lignan content in 
foods (57). Differences in metabolism of phytoestrogens 
among individuals have been noted. Adlercreutz et al 
(58) found total urinary lignan excretion in Finnish wom-
en to be positively correlated with total fiber intake, total 
fiber intake per kg body weight and grain fiber intake 
per kg body weight. Similarly, the geometric mean excre-
tion of enterolactone was positively correlated with the 
geometric mean intake of dietary grain products (kcal/
day) of five groups of women (r=0.996).  

Due to the association of lignan excretion with fiber 
intake, plant lignans are probably concentrated in the 
outer layers of the grain. Because current processing 
techniques eliminate this fraction of the grain, lignans 
may not be found in processed grain products on the 
market and would only be found in whole grain foods.  
Serum enterolactone was measured in a cross-sectional 
study in Finnish adults (59). In men, serum enterolac-
tone concentrations were positively associated with con-
sumption of whole-grain products. Variability in serum 
enterolactone concentration was great, suggesting the 
role of gut microflora in the metabolism of lignans may 
be important. Kiilkkinen et al (60) also report that in-
take of lignans is associated with serum enterolactone 

concentration in Finnish men and women. These studies 
suggest that serum enterolactone is a feasible biomarker 
of lignan intake.  

Jacobs et al (61) found similar results in a US study. Sub-
jects were fed either whole grain or refined grain foods 
for 6 weeks. Most of the increase in serum enterolac-
tone when eating the wholegrain diet occurred within 
2 weeks, though the serum enterolactone difference 
between wholegrain and refined-grain diets continued 
to increase throughout the 6-week study. Serum entero-
lactone was associated with reduced cardiovascular dis-
ease-related and all-cause death in middle-aged Finnish 
men (62). 

McIntosh et al (44) fed rye and wheat foods to over-
weight middle-aged men and measured markers of bow-
el health. The men were fed low-fiber cereal grains foods 
providing 5 grams of dietary fiber for the refined grain 
diet and 18 grams of dietary fiber for the whole grain 
diet, either high in rye or wheat. This was in addition to 
a baseline diet that contained 14 grams of dietary fiber.   
Both the high-fiber rye and wheat foods increased fecal 
output by 33-36% and reduced fecal b-glucuronidase 
activity by 29%. Rye foods were associated with signifi-
cantly increased plasma enterolactone and fecal butyr-
ate, relative to wheat and low-fiber diets. The authors 
conclude that rye appears more effective than wheat in 
overall improvement of biomarkers of bowel health.

All-Cause Mortality          

Several epidemiological studies suggest whole grains re-
duce the risk for all-cause mortality or all-cause death. In 
the Iowa Women’s Health Study, whole grains and cereal 
fiber lowered all-cause death in postmenopausal women 
(63,64), and a Norwegian study showed a lower mortal-
ity rate for men and women with a high whole grain 
bread intake (65). Liu et al (66) reported that both total 
mortality and CVD-specific mortality were inversely asso-
ciated with whole-grain but not refined-grain breakfast 
cereal intake in the Physicians’ Health study.  

Recommendations for intake of whole grains 

The 2005 Dietary Guidelines for Americans placed par-
ticular emphasis on eating more whole grain foods (Ta-
ble 1) (6). It is recommended that at least 3 servings, or 
one-half of grain foods consumed daily, be whole grain 
with the remainder either enriched or whole grain. The 
highest caloric intake (3200 kcal/d) recommends con-
sumption of 11 servings of grains per day.  

Consumption of whole grains remains low. Except for 
parts of Scandinavia where whole grains breads are the 
norm, whole grain consumption is low. Studies find that 
convenience foods such as breakfast cereals, breads, 
crackers, and snacks are often the most commonly con-
sumed whole grain foods (11, 13).
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Finding whole grain foods – new labeling 
(U.S. Specific)

Efforts have been made to increase whole grain con-
sumption. A whole grain health claim exists in the Unit-
ed States related to a reduced risk of heart disease and 
some cancer. For a whole grain food to meet the whole 
grain health claim standards, the food must include 51% 
whole grain flour by weight of final product and contain 
at least 1.7 grams of dietary fiber. The health claim states:  
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.  

The Whole Grain Stamp was recently introduced by the 
Whole Grains Council to represent the amount of whole 
grain per serving in consumer food products (67). A 
“good source of whole grain” must contain 8 grams of 
whole grain per serving, an “excellent source of whole 
grain” must contain 16 grams of whole grain per serving, 
and 100% whole grain must contain 16 grams of whole 
grain per serving and no refined grain. The United States 
Food and Drug Administration released a draft guidance 
statement on whole grains on 2/15/2006. There is a 60-
day comment period, after which FDA will review the 
comments and will release a final Guidance Statement on 
whole grains. Efforts to define and label whole grain foods 
are also underway in Europe and other countries (68).

Conclusion

Whole grains are rich in many components, including 
dietary fiber, starch, antioxidant nutrients, minerals, vita-
min, lignans, and phenolic compounds that may reduce 
the risk of coronary heart disease, cancer, diabetes, obe-
sity and other chronic diseases. Most of the protective 
components are found in the germ and bran, which are 
reduced in the grain refining process. Based on epidemi-
ological studies and biologically plausible mechanisms, 
the scientific evidence shows that regular consumption 
of whole-grain foods provides health benefits. More re-
search is needed on the mechanisms for this protection.  
Also, some components in whole grains may be most 
important in this protection and should be retained in 
food processing.   

Traditional eating patterns in Latin America include 
sources of whole grains such as whole corn tortillas. With 
urbanization, consumers are less receptive to increasing 
whole grain intake and usual intake is only 1 serving per 
day while a minimum of 3 whole grains or half of grain 
servings per day of whole grains are recommended. Suc-
cessful implementation and promotion of these whole 
grain recommendations will require the cooperative 
efforts of industry, government, academia, non-profit 
health organizations, and the media. Additional work is 
needed to confirm the health benefits of whole grains, 
develop processing techniques that will improve the 
palatability of whole grain products, and educate con-
sumers about the benefits of whole grain consumption 
across the life cycle to improve overall health.

Table 1. Available whole grains 

Whole wheat  Wild rice
Whole oats/oatmeal Buckwheat
Whole-grain corn  Triticale
Popcorn   Bulgur (cracked wheat)
Brown rice  Millet
Whole rye  Quinoa
Whole-grain barley Sorghum

Source: 2005 Dietary Guidelines for Americans

Table 2. Differences in dietary fiber content among 
whole grains (100 grams as eaten)

         Dietary fiber – g
Brown rice   1.8 
Whole grain cornmeal  7.3 
Whole oats   10.3
Whole grain wheat  12.2

Table 3. Comparison of 100 grams of whole-grain wheat 
flour and enriched, white, all-purpose flour

                         Whole-grain wheat flour      White flour
Calories              339    364
Dietary fiber – g             12.2                  2.7
Calcium – mg             34     15
Magnesium – mg             138     22
Potassium – mg             405     107
Folate – ug             44     291
Thiamin – mg             0.5     0.8
Riboflavin – mg             0.2     0.5
Niacin – mg             6.4     5.9
Iron – mg             3.9     4.6

Source: 2005 Dietary Guidelines for Americans

Table 4. Compounds in whole grains with potential 
health effects

Dietary fiber
Lignans
Phytosterols
Unsaturated fats
Vitamin E
Magnesium
Antinutrients (protease and amylase inhibitors, phytic 
acid, phenolics/tannins)
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Figure 2. Sources of wholegrain in UK children aged 4 
- 18 years. Thane et al. 2005 (13)

1. Breakfast cereals
2. Bread (mainly wholemeal)
3. Biscuits
4. Pasta, rice, pizza & other cereals
5. Buns, cakes, pastries & fuit pies
6. Other foods*

*Includes popcorn, cereal-based puddings and savoury 
snacks

Figure 1:  Diagrammatic view of a wheat kernel (longitu-
dinal section) showing tissue relationships.  Note indicated 
aleurone and bran structure.

Dr. J. Slavin wrote this document about Whole Grains and Health.

Dr. E. Atalah, Dr. J. Rivera, Dr. R. Uauy and Dr. H. Vannucchi, who are members of SLAN (Latin American Society of Nutri-
tion), were involved in the revision and approval of the document. 
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