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In addition, the analytical work con-
ducted by David Southgate to deter-

mine available carbohydrates (i.e., 
starches and sugars that are digested 
by enzymes in the human digestive 
tract) and unavailable carbohy-
drates (i.e., carbohydrates that are 
not digested by enzymes secreted 
in the human small intestine) cre-
ated a framework to examine the 
carbohydrates associated with 
dietary fiber that are meaningful 
in human nutrition. The concept 
of the digestibility of carbohy-
drates in the small intestine of 
humans became integral to the 

definition of dietary fiber and was 
central to the dietary hypothesis pre-

sented by Burkitt and Trowell in 1975 
(2). Their definition states that “Di-

etary fibre has been defined as the rem-
nants of the plant cell-wall that are not 

hydrolysed by the alimentary enzymes of 
man…. It is composed largely of celluloses, 

hemicelluloses, and lignin…. Dietary fibre is not 
the same as crude fibre…” (2).

This early work in defining dietary fiber resulted in the estab-
lishment of two elements of quality for dietary fibers: the associ-
ation with plant cell walls and lack of digestibility in the human 
small intestine. In addition, the early definition of dietary fiber 
and the development of the dietary fiber hypothesis related to 
disease established a link between plant foods and dietary fiber 
consumption. As a consequence, most recommendations on 
fiber intake have emphasized the importance of consuming 
fiber from plant foods.

Updating the Definition of Dietary Fiber
The dietary fiber hypothesis put forward by Burkitt and 

Trowell (2) stimulated research to understand the impact of 
dietary fiber on health promotion and disease prevention and 
to determine whether dietary fibers have unique properties that 
affect human physiology and metabolism or whether they pri-
marily serve as markers of a diet rich in plant foods. During this 
phase of research activity, several scientists observed that solu-
bility was a potential way to characterize differences in various 
types of fibers. Fibers that were classified as soluble were char-
acterized as swelling or dispersing in water, more likely to con-
tribute to plasma cholesterol reduction and improved glycemic 
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To understand the contribution 
of dietary fiber to carbohydrate 

quality, it is useful to examine the 
definition of dietary fiber, how 
that definition has evolved, and 
what is currently accepted in rec-
ommendations for fiber intake by 
humans. Two aspects of dietary 
fiber have consistently emerged to 
define its quality and to provide a 
basis for recommendations for in-
take: fiber as a component of plant 
foods in the diet and fibers that have 
physiological effects that provide a 
health benefit.

Early Definitions of Dietary Fiber
In early literature from the late 1800s and 

early 1900s fiber was identified as a component 
of carbohydrates in the diet and was characterized 
as cellulose or woody fibers (1). In these early evaluations 
of diet and nutrition, carbohydrates were primarily viewed as a 
source of energy and often regarded as less important in the 
diet than proteins or fats. However, in a 1917 guide on “How to 
Select Foods,” Hunt and Atwater (8) state that fiber (cellulose) 
“gives bulk to the diet and may tend to prevent constipation…
[and be] more satisfying to the appetite.” The early character-
ization of fiber as cellulose was likely due to the use of a crude 
fiber method, which primarily measures cellulose, in food anal-
ysis. Cummings and Engineer (4) have published a review on 
the origins of the dietary fiber hypothesis in which they char-
acterize the key steps in broadening our understanding of the 
complexity of dietary fiber and its contribution to health. The 
steps they characterize in this evolution include the work of 
McCance and Lawrence to identify the various carbohydrates, 
in addition to cellulose, that are associated with the plant cell 
wall and should be included as a component of fiber in the diet. 
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control, and highly fermentable in the large intestine. In con-
trast, insoluble fibers were characterized as not taking up water 
in the gastrointestinal tract, not readily degraded in the large 
intestine by microbial action, and more likely to improve laxa-
tion by increasing stool output. However, this categorization of 
fibers proved to be too simplistic for predicting the physiologi-
cal effects of fibers, in part because various factors contribute to 
whether a fiber can be classified as soluble or insoluble, and 
most food sources contain a variety of fiber types (12).

In the Dietary Reference Intake (DRI) report for macronutri-
ents, the Institute of Medicine (IOM) identifies viscosity and fer-
mentability as two characteristics of fibers that are more likely 
to predict physiological effects associated with consuming di-
etary fiber that would result in health benefits (9). A review by 
McRorie and McKeown (12) summarizes the evidence that il-
lustrates how these two characteristics (viscosity and ferment-
ability) are associated with lowering blood lipids, improving 
glycemic control, and improving laxation. As outlined in their 
review, viscous soluble fibers, such as psyllium and b-glucan, 
are more likely to lower cholesterol concentrations and improve 
glycemic control, whereas low-viscosity or nonviscous, soluble 
fibers, such as methylcellulose or inulin, do not have this ben-
eficial physiological effect. Likewise, insoluble fibers, such as 
those found in wheat bran, that are not extensively degraded 
by microbial action in the large bowel are more effective in im-
proving laxation than fibers that are more completely fermented 
by microbes. McRorie and McKeown’s analysis suggests that 

these characteristics of fibers are potentially useful indicators of 
quality; however, the fact that an analytical approach for accu-
rately measuring these fiber properties has not been developed 
and standardized is a major limitation in using these character-
istics (12).

The IOM approach, which influenced the regulatory process 
for defining dietary fiber in the United States, as well as the ap-
proaches taken by the Codex Alimentarious Commission and 
the European Union, have resulted in new definitions of fiber 
that extend beyond the association of fiber as a marker of a diet 
containing plant foods to include isolated and synthetic fibers 
that are ingredients in formulated foods or used as dietary sup-
plements (3,6). These definitions, as summarized in Table I, 
introduce additional factors for understanding quality associ-
ated with dietary fiber. In this context, fibers that are intrinsic 
and intact in foods are considered, by their nature, to be dietary 
fiber and predominately include the fibers associated with the 
plant cell wall matrix. In addition, isolated or synthetic polysac-
charides or oligosaccharides can be considered dietary fibers if 
they have been demonstrated to have a physiological effect that 
is of benefit to human health. These regulatory and standard-
setting approaches to defining dietary fiber do not rely on the 
physical properties of fiber (i.e., viscosity or degree of fermenta-
tion) to define isolated and synthetic polysaccharides and oligo-
saccharides as dietary fibers, but instead rely on the part of the 
definition that focuses on a physiological effect that is beneficial 
to health. Examples of such benefits identified by the U.S. Food 
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and Drug Administration (FDA) include lowering blood glu-
cose or cholesterol levels, lowering blood pressure, increasing 
feelings of fullness (satiety) resulting in reduced calorie intake, 
increased mineral absorption in the intestinal tract, and im-
proved laxation and bowel function (21). The FDA guidance 
indicates that only one benefit must be demonstrated to make a 
carbohydrate eligible to be considered as dietary fiber in a food. 
If scientific evidence is available, additional physiological end-
points that provide a health benefit can be added to the list. The 
FDA has provided draft guidance on scientific evaluation of the 
evidence that, outlining an approach that is consistent with how 
the FDA has evaluated scientific evidence for substantiating 
nutrition-related claims on packaged foods (20).

Recommendations for Dietary Fiber Intake
As our understanding of the contribution that fiber makes in 

a health-promoting diet has evolved, what is counted as contrib-
uting to fiber intake has been updated, and recommendations 
for fiber intake have progressed from qualitative recommenda-
tions concerning plant foods to quantitative recommendations 
based on the quality of the fiber sources related to physiological 
function and on reduced risk of certain chronic diseases.

In the early 1900s crude fiber was recognized as a component 
of plant foods that might have a benefit for gastrointestinal reg-
ularity but was not viewed as essential in the diet. The dietary 
fiber hypothesis put forward by Burkitt and Trowell (2) indi-
cated that more research was needed to understand the meta-
bolic effects of dietary fibers beyond simply providing roughage 
in the diet. In the United States the recommendations for fiber 
intake, which were established as a part of the development of 
Recommended Dietary Allowances (RDAs), now referred to as 
DRIs by the National Academies of Science, Engineering, and 
Medicine, reflect this evolution of the scientific basis for the im-
portance of fiber intake. The RDA reports published between 
1968 and 1980 included fiber in the category of complex carbo-
hydrates (cellulose and hemicelluloses), which were not consid-
ered as an essential nutrient but as a preferred source of carbo-
hydrate in the diet relative to sugars and refined starches (13–15, 
17). The 1989 RDA report recognized the need to increase fiber 
intake, with an emphasis on dietary fiber from foods not fiber 
concentrates (17). The 1989 report was informed by diet and 
health reports published by the National Research Council (16) 
and the surgeon general (19), both of which highlighted the as-
sociation of risk for chronic diseases with diets lacking in dietary 
fiber. The 2005 DRI report on macronutrients published by the 
IOM (9) reaffirmed that fiber is not considered an essential nu-
trient for which inadequate intake can be assessed based on bio-
chemical or clinical symptoms but did recognize that a lack of 
fiber intake detracts from optimal health and examined scien-
tific evidence to establish an adequate intake (AI) level (as de-
fined in the report, an AI is an estimated intake needed to sus-
tain a defined nutritional state used when it is not feasible to 
establish an RDA). By evaluating the scientific evidence on the 
effects of fiber on laxation and gastrointestinal function, normal-
izing blood cholesterol, or attenuating blood glucose responses, 
the IOM determined that an AI of 14 g/1,000 kcal could be rec-
ommended for fiber intake to reduce the risk of coronary heart 
disease (9). The European Food Safety Authority (EFSA) con-
cluded that an adequate intake for dietary fiber could be estab-
lished based on bowel function and recommended that 25 g/day 
in adults (or 2–3 g/MJ) is adequate for laxation (6). On a more 
global level, in 2003 the Food and Agriculture Organization of 

the United Nations and the World Health Organization (FAO/
WHO) (24) established population goals for carbohydrates, in-
cluding dietary fiber, of 55–75% of energy intake. Although FAO/ 
WHO did not establish a population goal for dietary fiber, a food-
based recommendation to consume 25 g of fiber/day from plant 
foods such as fruits, vegetables, and whole grains was established, 
and these recommendations were reaffirmed in the 2007 update 
on carbohydrate intake recommendations (10).

Conclusions
Two primary factors determine the quality of dietary fiber as 

a component of carbohydrate. One aspect of quality is based on 
dietary fiber as a component of plant foods. The importance of 
consuming plant foods for adequate fiber intake is typically a 
component of food-based dietary guidelines (FBDG), such as 
the Dietary Guidelines for Americans (18). FBDG from many 
different countries consistently recommend fruits, vegetables, 
legumes, and whole grains, and the justifications for such rec-
ommendations include their contribution to dietary fiber in-
take, as well as essential nutrients, and to dietary patterns as-
sociated with disease risk reduction and health promotion (7). 
Epidemiological studies have associated the intake of plant foods 
with lower risk of chronic diseases. However, based on observa-
tional data it is not feasible to establish a cause-and-effect rela-
tionship for fiber and specific chronic diseases. In the context of 
FBDG, the contribution of fiber to carbohydrate quality is based 
on the foods that are included in dietary patterns to meet fiber 
recommendations.

Several analytical approaches are possible to determine the 
fiber content that is intrinsic and intact in foods, as required for 
food composition databases and food labeling (5,11). However, 
the updated definition of dietary fiber has allowed a second ap-
proach for determining dietary fiber quality, which is to evalu-
ate the physiological effects related to health benefits. As imple-
mented, this second approach for defining dietary fiber requires 
a regulatory approach to evaluate the scientific evidence support-
ing the health benefits of a fiber source rather than an analytical 
methodology. As recognized in the final rule for updating Nu-
trition Facts labels in the United States, fibers for which a health 
claim has been approved (b-glucan soluble fiber and psyllium 
husk) can be included in the total fiber content of a food (23). 
In addition the FDA has stated that adequate scientific justifi-
cation exists to consider cellulose, guar gum, pectin, locust 
bean gum, and hydroxypropylmethylcellulose as meeting the 
dietary fiber definition and is in the process of considering evi-
dence for an additional 26 isolated and synthetic nondigestible 
carbohydrates (20). If an isolated or synthetic nondigestible 
carbohydrate is considered as a dietary fiber, then AOAC meth-
odology can be used to estimate the total fiber content of foods 
that contain the fiber (11). However, any analysis of the total 
fiber content of foods will need to be corrected for any isolated 
or synthetic nondigestible carbohydrates used as ingredients 
that are not considered dietary fiber because they have not 
been demonstrated to have a physiological effect beneficial to 
human health.
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