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Dietary Reference Intakes:
Proposed Definition of Dietary Fiber

1. OVERVIEW AND CHARGE TO THE PANEL

Currently, a variety of definitions of dietary fiber exist worldwide. Some
definitions are based solely on one or more analytical methods for isolating die-
tary fiber, while others are physiologically based. For instance, in the United
States dietary fiber is defined by a number of analytical methods that are ac-
cepted by the Association of Official Analytical Chemists International (AOAC)
and these methods isolate nondigestible animal and plant carbohydrates. In Can-
ada, however, a formal definition has been in place that recognizes nondigestible
food of plant origin, but not of animal origin, as dietary fiber. As nutrition la-
beling becomes uniform throughout the world, it is recognized that a single
definition of dietary fiber is needed. Furthermore, new products are being devel-
oped or isolated that behave like fiber, yet do not meet the traditional definitions
of fiber, either analytically or physiologically. A lack of consensus among vari-
ous international groups and organizations exists.

The current situation regarding labeling and defining dietary fiber in the
United States and many other countries is arbitrary due to its reliance on analyti-
cal methods as opposed to an accurate definition that includes its role in health.
Without an accurate definition, compounds can be designed or isolated and con-
centrated using the currently available methods, without necessarily providing
beneficial health effects. Other compounds can be developed that are nondi-
gestible and provide beneficial health effects, yet do not meet the current U.S.
definition based on analytical methods. For the above reasons, the Food and
Nutrition Board, under the oversight of the Standing Committee on the Scien-
tific Evaluation of Dietary Reference Intakes, assembled a Panel on the Defini-



2 DIETARY REFERENCE INTAKES

tion of Dietary Fiber to develop a proposed definition(s) of dietary fiber. This
Panel held three meetings and a workshop.

The first task of the Panel was to review all current definitions of dietary fi-
ber. These definitions are described in Section II, “Definitions of Dietary Fiber”
and summarized in Table 1. In the process of reviewing the current definitions,
the Panel noted major areas of difference among the definitions as to whether
the following were included: animal carbohydrates, carbohydrates not recovered
by alcohol precipitation, mono- and disaccharides, lignin, resistant starch, and
whether the fiber had to be intact and naturally occurring in food. Some defini-
tions are based on analytical methods for dietary fiber and these methods are
reviewed in Table 2. Finally, some definitions require that a fiber have specific
physiological effects, whereas others do not. How each current definition has
dealt with these issues is summarized in Table 3. The Panel’s analyses of each
of these differentiating issues are found in section III, “Issues in Defining Die-
tary Fiber”. Discussion and resolution of each of these differences among exist-
ing definitions formed the basis of the Panel’s recommendation, which is de-
scribed under section IV, “Proposed Definition of Dietary Fiber”, together with
an accompanying explanation for each aspect of the definition. Finally, section
V, “Impact of the Definitions of Dietary Fiber and Unresolved Issues”, deline-
ates the likely consequences of adopting the proposed definitions with respect to
their impact on: (1) analytical methodology, (2) recommended levels of intake,
(3) food composi-tion databases, (4) dietary fiber research, (5) developments in
the food industry, and (6) nutrition labeling.

Based on the Panel’s deliberations, the following definitions are proposed:

Dietary Fiber consists of nondigestible carbohydrates and lignin
that are intrinsic and intact in plants.

Added Fiber consists of isolated, nondigestible carbohydrates that
have beneficial physiological effects in humans.

Total Fiber is the sum of Dietary Fiber and Added Fiber.

Following the release of these proposed definitions, it is expected that sig-
nificant discussion will result in order to ascertain the extent to which they ad-
vance the move toward an acceptable framework for methodologically appro-
priate definitions based on the role of fiber in health. Comments regarding the
acceptability of the proposed definitions and the framework for their incorpora-
tion into labeling and research initiatives are welcomed with the expectation that
the definitions and framework will be revised based on consideration of such
comments. The final definitions proposed by the Panel and the Standing Com-
mittee on the Scientific Evaluation of Dietary Reference Intakes will be included
in the forthcoming Dietary Reference Intakes report on macronutrients, which
will include an evaluation of the role of dietary fiber in health.
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I1. DEFINITIONS OF DIETARY FIBER

Since the early 1950s, various definitions of dietary fiber have been pro-
posed by different countries and organizations (Table 1). In 1953, Hipsley de-
fined dietary fiber as a term for nondigestible constituents that make up the plant
cell wall, encompassing the “unavailable carbohydrate” that had been described
much earlier by McCance and Lawrence (1929). This definition was expanded
by Trowell (1972) based on: (1) a number of hypotheses relating dietary fiber to
health (“dietary fiber hypothesis™) including prevention of diverticular disease
and colon cancer (Burkitt et al., 1972; Trowell, 1972); (2) a concern for the ad-
verse effects from consuming diets high in refined carbohydrates, termed The
Saccharine Disease (Cleave and Campbell, 1966); and (3) the need to replace
the term “crude fiber” (Trowell, 1972). Based on the above concemns, dietary
fiber was defined as “the skeletal remains of plant cells that are resistant to di-
gestion (hydrolysis) by enzymes of man” (Trowell, 1972).

In 1976, Trowell and colleagues recognized the inadequacy of the 1972
definition because it was not known at the time of the first definition that com-
ponents of the plant cell other than the cell wall, including mucilages, storage
polysaccharides, and algal polysaccharides, were not hydrolyzed by the alimen-
tary enzymes. Therefore, dietary fiber was redefined (Trowell et al., 1976) (Ta-
ble 1). This definition is synonymous with the term “unavailable carbohydrate”,
a component of food that was measured by Southgate (1969). Publication of the
1976 definition was the result of interest in the possible health benefits of non-
digestible storage polysaccharides, notably guar gum of the cluster bean. This
gum was shown to reduce serum cholesterol concentration (Jenkins et al., 1975)
and flatten the postprandial glycemia (Gassull et al., 1976).

The 1976 Trowell definition was the basis for the definition set by the Ex-
pert Advisory Committee on Dietary Fibre of Health and Welfare Canada
(Health and Welfare Canada, 1985) (Table 1). The Health and Welfare Canada
definition was initially intended to define dietary fiber with a view to future
health claims for fiber. The Committee sought a definition that was broad
enough to accommodate the range of dietary fiber values obtained from a num-
ber of analytical techniques. The term “endogenous” was added to the definition
to emphasize that indigestible materials formed during processing, such as
Maillard reaction products or charred carbon, were not considered to be dietary
fiber. In addition, water soluble components found in foods, including gums,
mucilages, and pectic substances, as well as non-nutritive fiber-associated sub-
stances, such as phytates, were intended to be part of dietary fiber.

In 1984, New Zealand Food Regulations defined dietary fiber as the “edible
plant material not hydrolysed by the endogenous enzymes of the human diges-
tive tract”; it was to be measured by the first method of analysis (Prosky et al.,
1985) accepted by AOAC (AOAC method 985.29).
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TABLE 1 Definitions of Dietary Fiber

Reference

Definition

Trowell et al., 1976

Health and Welfare Can-
ada, 1985

U.8. Food and Drug Ad-
ministration (USFDA),
1987

Life Sciences Research
Office (LSRO), 1987

Health Canada, 1988

Anonymous, 1989 (Ger-
many)

Anonymous, 1992 (Bel-
gium)

Anonymous, 1993 (Italy)
FAQ/WHO, 1995 (Codex

Alimentarius Commis-
sion)

Dietary fibre consists of the plant polysaccharides and lig-
nin which are resistant to hydrolysis by digestive en-
zymes of man.

Dietary fibre is the endogenous components of plant mate-
rial in the diet which are resistant to digestion by enzymes
produced by humans. They are predominantly non-starch
polysaccharides and lignin and may include, in addition,
associated substances.

Dietary fiber is the material isolated by AOAC method
985.29 (see Table 2).

Dietary fiber is the endogenous components of plant mate-
rials in the diet which are resistant to digestion by en-
zymes produced by humans.

A novel fibre source is a food that was manufactured to be a
source of dietary fibre, and that (1) had not traditionally
been used for human consumption to any significant ex-
tent, or (2) had been chemically processed (e.g., oxidized)
or physically processed (e.g., finely ground) so as to
modify the properties of the fibre, or (3) had been highly
concentrated from its plant source.

Dietary fiber is substances of plant origin, that cannot be
broken down to resorbable components by the body’s
own enzymes in the small intestine. Included are essen-
tially soluble and insoluble non-starch polysaccharides
(cellulose, pectin, hydrocolloids) and lignin and resistant
starch. Substances like some sugar substitutes, organic
acids, chitin and so on, which either are not or are incom-
pletely absorbed in the small intestine, are not included.

Dietary fiber is the components of the foods that are nor-
mally not broken down by the body’s own enzymes of
humans.

Dietary fiber is the edible substance of vegetable origin
which normally is not hydrolyzed by the enzymes se-
creted by the human digestive system.

Dietary fibre is the edible plant or animal material not hy-
drolysed by the endogenous enzymes of the human di-
gestive tract as determined by the agreed upon method.
(The Codex also approved AOAC methods 985.29 and
991.43 [see Table 2]).

continued
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TABLE 1 Continued

Reference

Definition

Jian-xian, 1995 (China)

Denmark, 1995°

Ministry of Health and
Welfare, 1996 (Japan)

Committee on Medical
Aspects of Foods
(COMA), 1998
(United Kingdom)

Finland, 1998°

Norway, 1998°

Sweden, 1999¢

American Association of
Cereal Chemists
(AACC), 2000

Hignett, 2000 (U.K. Food
Standards Agency)

Australia New Zealand
Food Authority
(ANZFA) (Proposed),
2000

Dietary fiber is the sum of food components that are not
digested by intestinal enzymes and absorbed into the
body.

Dietary fiber is the material isolated by AOAC methods
985.29 and 997.08 (see Table 2).

Dietary fiber is the material isolated by the AOAC method
985.29. In addition, non-digestible, low molecular weight
carbohydrate determined by high performance liquid
chromatography is classified as dietary fiber.

Dietary fibre is non-starch polysaccharide as measured by
the Englyst method.

Dietary fiber is part of the carbohydrate obtained when
using AOAC methods 985.29 and AQAC 997.08 (see
Table 2).

Dietary fiber is the material isolated by AOAC method
985.29 (see Table 2) and inulin and oligofructose.

Dietary fiber is edible material that cannot be broken down
by human endogenous enzymes. Dietary fiber is deter-
mined with AOAC method 985.29. In addition, the fruc-
tan AQAC method 997.08 may be used (see Table 2).

Dietary fiber is the edible parts of plants or analogous car-
bohydrates that are resistant to digestion and absorption
in the human small intestine with complete or partial fer-
mentation in the large intestine. Dietary fiber includes
polysaccharides, oligosaccharides, lignin, and associated
plant substances. Dietary fibers promote beneficial
physiological effects including laxation, and/or blood
cholesterol attenuation, and/or blood glucose aftenuvation.

Dietary fiber is the material isolated by AOAC methods
085.29 and/or 991.43, combined with 997.08 (see Table 2).

Dietary fibre is that fraction of the edible part of plants or
their extracts, or analogous carbohydrates, that are resis-
tant to digestion and absorption in the human small intes-
tine, usually with complete or partial fermentation in the
large intestine. The term includes polysaccharides, oligo-
saccharides (degrees of polymerization >2), and lignins.
Dietary fibre promotes one or more of these beneficial
physiological effects: laxation, reduction in blood cho-
lesterol, and/or modulation of blood glucose.

¢ N-G Asp, Division of Applied Nutrition, Lund University, personal communication,

February 22, 2001.
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TABLE 2 Components Measured by the Various Methods of Fiber Analysis

Nonstarch Resistant

Reference (Method)* Lignin Polysaccharide Starch Inulin

Asp et al.,, 1983 Yes Yes Some Some

Craig et al., 2000 (AQAC No No No No
2000.11)

Englyst and Cummings, 1984  No Yes No No
(E-GC)

Englyst and Hudson, 1987 No Yes No No
(E-C)

Gordon and Ohkuma, in press  Yes Yes Some Yes
(AOAC 2001.03)

Hoebregs, 1997 (AQAC No No No Yes
997.08)

Lee et al., 1992 (AOAC Yes Yes Some Some
991.43)

Li and Cardozo, 1994 (AOAC  Yes Yes Some Some
993.21)

McCleary et al., 2000 (AOAC  No No No Yes
999.03)

Mongeau and Brassard, 1993 Yes Yes No No
(AOAC 992.16)

Prosky et al., 1985, 1988, Yes Yes Some Some
1992, 1994 (AOAC 985.29,
993.19, 991.42)

Quigley and Englyst, 1992 No Yes No No
(E-HPLC)

Schweizer and Wiirsch, 1979 Yes Yes Some Some

Southgate, 1969 Yes Yes Some No

Theander and Aman, 1979 Yes Yes Some No

Theander and Westerlund, Yes Yes Some No
1986 .

Uppsala Method of Theander  Yes Yes Some No

etal., 1995 (AOAC 994.13)

¢ E-GC = enzymatic-gas chromatographic, E-C = enzymatic-colorimetric, E-HPLC =
enzymatic-high performance liquid chromatographic.
b Yes, if molecular weight is 12,000 daltons or more.
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) Resistant Chitin B
Oligosaccha- Malto- and Chondroitin  Noncarbo-
rides Polydextrose  gexirins Chitosan  Sulfate hydrate
No No No Some Some Some
No Yes No No No No
No No No Some Some No
No No No Some Some No
Yes Yes Yes Some Some Some
No No No No No No
No No No Some Some Some
No No No Some Some Some
No No No No No No
No No No Some Some Some
No No No Some Some Some
No No No Some Some No
No No No Some Some Some
No No No Some Some No
No No No Some Yes? No
No No No Some Yes? No

No No No Some Some No
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In 1987, the U.S. Food and Drug Administration (FDA) adopted AOAC
method 985.29 for regulatory purposes to identify dietary fiber as a mixture of
nonstarch polysaccharides, lignin, and some resistant starch (USFDA, 1987)
(Table 1). Related methods that isolated the same components as AOAC method
985.29 were developed independently (AOAC methods 991.42, 991.43, 992.16,
993.19, 993.21, and 994.13; see Table 2) and accepted by AOAC in subsequent
years. These methods are also accepted by FDA. The 1976 Trowell definition
was the basis for FDA accepting the AOAC methods for isolating dietary fiber,
These methods exclude all oligosaccharides (3 to 9 degrees of polymerization)
from the definition and include all polysaccharides, lignin, and some of the re-
sistant starch that is resistant to the enzymes (protease, amylase, and amyloglu-
cosidase) used in the AOAC methods. However, FDA did not and still does not
have a written definition of dietary fiber for the purposes of food labeling and
health claims.

Similar to the United States, there is no official definition of dietary fiber in
Japan. A standard method for measuring dietary fiber in Japan is based on AQAC
method 985.29 plus a chromatographic method that isolates low molecular
weight mattodextrins (Gordon and Ohkuma, in press) (Table 1), Dietary fibers
can also be approved in Japan as effective ingredients in foods for specific health
use; these include indigestible maltodextrin, hydrolyzed guar gum, chitosan,
polydextrose, psyllium, wheat bran, and depolymerized sodium alginate
(DeVries, 2001). For many Asian countries, dietary fiber intake tables have been
based on AOAC methods 985.29 and 991.43, although the definition used by
China since 1995 does not identify a specific method (Jian-xian, 1995) (Table 1),

The Expert Panel on Dietary Fiber of the Life Sciences Research Office
(LSRO) proposed a definition of dietary fiber in 1987 similar to the one identi-
fied by Health and Welfare Canada in 1985, This definition included nonstarch
polysaccharides and lignin and excluded fiber-associated substances found in
the plant cell wall such as phytates, cutins, saponins, lectins, proteins, waxes,
silicon, and other inorganic components (LSRO, 1987). Other substances not
considered to be dietary fiber according to the LSRQ definition include indi-
gestible compounds formed during cooking or processing (e.g., resistant starch,
Maillard reaction products), oligosaccharides and carbohydrate polymers of less
than 50 to 60 degrees of polymerization that are not recovered in dietary fiber
analysis, nonplant-derived compounds (e.g., chitin, ¢hitosan), and synthetic car-
bohydrate polymers.

In 1988, Health Canada published guidelines for novel fiber sources and
food products containing them that can be labeled as a source of fiber in addi-
ion to those included in their 1985 definition (Health Canada, 1988) (Table 1).
The rationale for these guidelines was that there were safety issues unique to
novel sources of fiber, and if a product was represented as containing fiber, it
should have the beneficial physiological effects associated with dietary fiber that
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the public expects. The guidelines indicate that both safety and efficacy of the
fiber source have to be established in order for the product to be identified as a
source of dietary fiber in Canada, and this has to be done through experiments
using human subjects. Three measures of efficacy were identified: (1) laxation,
(2) normalization of blood lipid levels, and (3) attenuation of blood glucose re-
sponses. Detailed guidelines were later produced for the clinical studies required
1o assess laxation effects, as this was the physiological function most often used
by industry when seeking approval for a novel fiber source (Health Canada,
1997a).

In 1995, a definition for dietary fiber appeared in the Codex Alimentarius
Guidelines on Nutrition Labelling (FAO/WHO, 1995) (Table 1). The Codex
allows the analytical methods AOAC 985.29 and AQAC 991.43 (Table 2) for
measurement of dietary fiber in special foods and infant formula. There have
been recent attempts to revise the Codex definition; however, there has not been
a consensus on the inclusion of animal and other chemically characterized sub-
stances (FAQ/WHO, 2000).

Several countries in Europe published definitions for dietary fiber in the late
1980s and early 1990s, including Germany (Anonymous, 1989), Belgium
(Anonymous, 1992), and Italy (Anonymous, 1993) (Table 1). For labeling pur-
poses, Denmark, Finland, Norway, and Sweden have defined dietary fiber as edi-
ble material that cannot be degraded by human endogenous enzymes, as meas-
ured by AOAC method 985.29 (Table 1). The issue regarding inclusion or
exclusion of inulin and fructooligosaccharides has been handled somewhat dif-
ferently by these countries in the absence of European Union regulation. In Den-
mark and Norway, fructans have been allowed to be included as dietary fiber on
the food labels since 1995 and 1998, respectively (i.e., before the approval of
AOAC method 997.08). Sweden made a similar decision in 1999, specifying
AQAC method 997.08. In 1998, the Food Administration of Finland recom-
mended that inulin and oligofructose be labeled separately and not be included as
dietary fiber. In 2001, however, AOAC method 997.08 was added to 985.29 for
analysis of dietary fiber, implying that inulin and oligofructose can now be la-
beled as dietary fiber in the four Nordic countries (N-G Asp, Division of Applied
Nutrition, Lund University, personal communication, February 22, 2001).

In 1998, the Committee on Medical Aspects of Food and Nutrition Policy
(COMA) of the United Kingdom formally adopted the Englyst nonstarch polysac-
charide method for defining dietary fiber (COMA, 1998) (Table 1). In September
2000, the UK. Food Standards Agency recommended AQOAC methods 991.43 and
997.08 (Table 2) to ensure consistent labeling of food products (Hignett, 2000)
(Table 1). In November 2000, the UK. Food Standards Agency acknowledged
COMA'’s definition of dietary fiber as nonstarch polysaccharides yet recognized
that the “European rules preclude insistence on a national definition”. AOAC
method 98529 and the Englyst method (Englyst and Cummings, 1984) are cur-
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rently accepted by the European Community to measure dietary fiber but there is
no clearly written definition of the material that is measured by these methods.

In May 2000, the American Association of Cereal Chemists (AACC)
adopted an updated definition of dietary fiber that was developed by a commit-
tee appointed to review, and if necessary, update the original AACC definition
of dietary fiber (AACC, 2000) (Table 1). This definition is similar to the
ANZFA definition. The AACC definition recognizes that the primary charac-
teristics of dietary fiber are resistance to digestion and absorption in the small
intestine and fermentation in the large intestine; the rationale for including these
characteristics is that it recognizes the key physiological impacts of fiber dem-
onstrated in the past 30 years of research (AACC, 2000).

In November 2000, the recently formed Australia New Zealand Food
Authority (ANZFA) concluded that relying on a prescribed analytical method as
the sole means of defining dietary fiber for regulatory purposes was unsatisfac-
tory since analytical methods do not take into consideration the physiological
impact of new food forms or food ingredients that are part of the diet (ANZFA,
2000). Thus, a definition has been proposed (Table 1) that includes the origin,
chemistry, and physiology of dietary fiber, similar to the Codex Alimentarius
Guidelines on Nutrition Labelling (FAQ/WHO, 1995) and the earlier New Zea-
land Food Regulations definition (New Zealand, 1984). Furthermore, ANZFA
has endorsed the use of AOAC method 985.29 or 991.43, and AOAC methods
997.08 or 999.03, which measure fructans (e.g., inulin) (Table 2).

In conclusion, a variety of definitions for dietary fiber have been promul-
gated by scientific and regulatory agencies worldwide. Some definitions specifi-
cally state a physiological definition of dietary fiber, whereas others rely on
more prescribed analytical methods as the sole determinant of dietary fiber. The
majority of accepted analytical methods for the measurement of dietary fiber are
based on a variety of AOAC accepted methods.

Since many definitions are based on methods to analyze dietary fiber, the
evolution of the methodologies to measure fiber were reviewed (see Appendix
C). Nonstarch polysaccharides are recovered by all methods designed to measure
all components of dietary fiber, and only those methods developed to measure a
specific fiber component (e.g., resistant maltodextrins, inulin, polydextrose) do
not recover nonstarch polysaccharides (Table 2). Most methods include the non-
carbohydrate lignin as a component of dietary fiber. Only the methods of
Englyst and the methods developed to measure a specific type of polysaccharide
exclude lignin, In addition, the methods of Englyst and of Mongeau and Bras-
sard, which were designed to measure all fiber components, do not include re-
sistant starch as fiber.

Dependence on ethanol precipitation as a means of recovering poly-
saccharides excludes polydextrose, resistant maltodextrin, and oligosaccharides,
and most inulin, which are soluble in ethanol. These saccharides also are lost if
ethanol is used at the beginning of an analytical procedure to remove mono- and
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disaccharides. Measurement of polysaccharides from animal sources (e.g., chi-
tin, chitosan, or chondroitin sulfate) has not been systematically studied, but
methods developed to measure total fiber do recover a portion of these types of
polysaccharides.
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II1. ISSUES IN DEFINING DIETARY FIBER

A careful analysis of the definitions of dietary fiber previously discussed
reveals that there are a number of important ways in which one definition differs
from another. These differentiating characteristics involve whether the following
are included: animal carbohydrates, carbohydrates not recovered by alcohol pre-
cipitation, mono- and disaccharides, lignin, and resistant starch, and whether the
fiber has to be intact and naturally occurring in food. Resistance to human en-
dogenous digestive enzymes is specified in only some definitions. Some defini-
tions require that a fiber have specific physiological effects, whereas others do
not. How each definition has dealt with these issues is summarized in Table 3.
Discussion and resolution of each of these differences among existing defini-
tions formed the basis for the proposed definitions.

Animal versus Plant Material

Traditionally, the definition of dietary fiber has included only plant sub-
stances (Health and Welfare Canada, 1985; LSRO, 1987; Trowell et al., 1976).
However, due to the limited methodological approaches that were developed,
the accepted methods of measuring dietary fiber do not exclude substances that
are not plant based. Thus, compounds like chitosan or glycosaminoglycans (i.e.,
mucopoly-saccharides) derived from animals are included in the fiber analytical
values (Table 2). High fiber foods traditionally consumed in a Western diet
contain negligible amounts of animal polysaccharides. But, as animal com-
pounds are isolated and marketed as dietary supplements, animal sources that
analyze as dietary fiber are becoming more significant. Polysaccharides from
animals, yeast, bacteria, and agricultural by-products may all be similar in
chemical structure to some components that make up the fiber found in plant
foods. Although there has been no thorough evaluation, it can be assumed that
animal-derived carbohydrate polymers analyze as dietary fiber by existing fiber
methods. Definitions of dietary fiber thus include nondigestible animal carbohy-
drates (Table 3) in one of two ways: (1) they are part of dietary fiber for all defi-
nitions that are based on methods that precipitate polysaccharides with ethanol
or measure monosaccharide constituents in the fiber residue, or (2) they are in-
cluded because the definition does not specify plant components.

As interest in dietary fiber increases, economic incentives drive the devel-
opment and subsequent marketing of more potential fiber products. Currently in
the United States, but not in Canada, if these products assay as fiber by accepted
methods, they are included as part of the total fiber content of foods. Further-
more, there are few data from human studies comparing animal-based with
plant-based fibers using physiological endpoints. Until such data are available,
the role of these animal fiber sources cannot be determined.
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Carbohydrates Not Recovered by Alcohol Precipitation

Because many current definitions are based on methods involving ethanol
precipitation, oligosaccharides and fructans that are endogenous in foods, but
soluble in ethanol, are not analyzed as dietary fiber. Yet endogenous human
enzymes do not digest fructans which are found in plants such as chicory, on-
ions, and Jerusalem artichoke; thus they are included in many definitions (Table
3). Quantitation of fructans will be incomplete, even if the constituent monosac-
charides of fructans are measured by a procedure that does not include ethanol
precipitation, because the fructose component of fructans is labile in many acid
hydrolysis procedures used during fiber analysis. Furthermore, fructose can be
reduced to sorbitol and mannito]l during preparation of derivatives for gas chro-
matographic analysis.

The oligosaccharides raffinose, stachyose, and verbacose that occur natu-
rally in legumes and a variety of manufactured and enzymatically produced
short-chain polysaccharides (e.g., fructooligosaccharides and partially hydro-
lyzed inulin and guar gum) also do not precipitate in ethanol. Several manufac-
tured carbohydrates, such as methylcellulose, polydextrose, and oligosaccha-
rides, are also resistant to human enzymatic hydrolysis. This would classify
them as fiber under may definitions; however, they are not routinely analyzed as
dietary fiber because they do not precipitate in ethanol.

No uniform approach has been developed to resolve the issue of fiber carbo-
hydrates that do not precipitate in ethanol, even though many of these naturally
occurring, hydrolyzed, or manufactured components are not analyzed as fiber but
are considered to be fiber by many definitions. Recent analytical efforts have been
directed toward the measurement of a specific carbohydrate or product, such as
polydextrose or fructooligosaccharides. This individual approach has resulted in a
proliferation of methods, some of which would overlap if applied to a product
containing several manufactured or modified carbohydrates.

Inclusion or Exclusion of Mono- and Disaccharides

Typically, mono- and disaccharides have been found to be digestible by hu-
mans, and they do not precipitate in ethanol. Thus, no definition, except that used
in China, includes these carbohydrates as dietary fiber (Table 3). However,
chemical and enzymatic modification of saccharides normally digested and ab-
sorbed in humans, such as glucose, or hydrolysis of fiber polysaccharides, such as
a gum or inulin, result in mixtures that may contain monosaccharides and disac-
charides that are not fully digested and absorbed. Theoretically, monosaccha-
rides, such as arabinose, mannose, xylose, and galacturonic acid, that make up
many fiber polysaccharides would be passively absorbed in the human small in-
testine, although unknown quantities would still reach the large intestine. Without
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TABLE 3 Characteristics of Various Dietary Fiber Definitions®

CHOQs Not Recov-  Nondigestible
Nondigestible ered by Alcohol Mono- and Disac-

Reference Animal CHOs®  Precipitation® charides
Trowell et al., 1976 No Not considered Not considered
Health and Welfare No Not considered Not considered
Canada, 1985
U.S. Food and Drug Yes Some inulin No
Administration
(USFDA), 1987¢
Life Sciences Research ~ No No No
Office (LSRO), 1987
Health Canada, 1988 Yes Implied® Not considered
Anonymous, 1989 No No No
(Germany)
Anonymous, 1992 Yes Yes No
(Belgium)
Anonymous, 1993 No Yes No
(Italy)
FAO/WHOQ, 1995 Yes Some inulin No
(Codex Alimentarius
Commission)”
Jian-xian, 1995 (China)  Yes Yes Yes -
Denmark, 19954 Yes Some inulin No
Ministry of Health and Yes Yes No
Welfare, 1996 (Japan)®
Committee on Medical Yes No No
Aspects of Foods
(COMA), 1998
(United Kin§dom)d i
Finland, 1998%" Yes Labeled separately, No
some inulin
Norway, 1998%/ Yes Inulin and oligo-  No
fructose
Sweden, 1999% Yes Some inulin No
American Association Yes Yes No
of Cereal Chemists
(AACC), 2000
Hignett, 2000 (U.K. Yes Some inulin No
Food Standards

Agency)
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Intact, Naturally Resistant to Specifies
Occurring Food Human En- Physiologi-
Lignin Resistant Starch Sources Only Zymes cal Effect
Yes Not considered Not specifically Yes No
listed
Yes Not specifically Yes Yes No
listed
Yes Somne No No No
Yes No Yes Yes No
Implied Implied No Implied No
Yes Yes No Yes No
Yes Yes No Yes No
Yes Yes No Yes No
Yes Some No Yes No
Yes Yes No Yes No _
Yes Some No No No
Yes Some No No No
No No No No No
Yes Some Implied Implied No
Yes Some No No No
Yes Some No No No
Yes Yes No Yes Yes
Yes Some No No No

continued
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TABLE 3 Continued

CHOs Not Recov-  Nondigestible
Nondigestible ered by Alcohol Mono- and Disac-
Reference Animal CHOs? Precipitation® charides

Australia New Zealand Yes Yes No
Food Authority
(ANZFA) (Proposed),
2000

Institute of Medicine
(Proposed), 2001
Dietary Fiber No Yes No
Added Fiber Yes Yes Yes

¢ All definitions are assumed to include nonstarch polysaccharides.

b CHO = carbohydrate.

¢ Includes inulin, oligosaccharides (3—10 degrees of polymerization), fructans, poly-
dextrose, methylcellulose, resistant maltodextrins and other related compounds.

specific disaccharidases, it is unlikely that disaccharides of these fiber-derived
sugars or chemically modified disaccharides of glucose could be digested in the
human small intestine. Because these mono- and disaccharides are nondigestible
or pootly absorbed in the human small intestine, they could be classified as fiber.

The issue of including special mono- and disaccharides as dietary fiber has
not been resolved. Methodological differentiation of digestible and nondigestible
mono- and disaccharides will be cumbersome and complex to accomplish. Fur-
thermore, these materials physiologically act as classic osmotically active agents
in the gut, much in the same way that sugar alcohols do, and this response has not
previously been considered 2 mechanism of action for dietary fiber.

Lignin

Although not a carbohydrate, lignin, a phenyipropane polymer, is typically
included in the definition of dietary fiber (Table 3). Lignin is covalently bound
to fibrous polysaccharides (Jung and Fahey, 1983) and has a heterogeneous
composition ranging from one or two units to many phenyl propanes that are
cyclically linked. These two characteristics have probably formed the basis for
defining lignin as dietary fiber. Furthermore, although lignin is present in the
human food supply in very small amounts, animal research with high fiber feeds
has shown that lignin affects the physiological effects of dietary fiber. For ex-
ample, lignin hinders fermentation of fiber polysaccharides in ruminants (Tit-
gemeyer et al., 1991).
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Intact, Naturally  Resistant to Specifies

. . Occurring Food Human Physiologi-
Lignin Resistant Starch Sources Only Enzymes cal Effect
Yes Yes No Yes Yes
Yes Some Yes Yes No
Yes Yes No Yes Yes

4 Method-based definition.

¢ Implied means not stated but inferred.
/N-G Asp, Division of Applied Nutrition, Lund University, personal communication,
February 22, 2001.

Resistant Starch

The early definitions for dietary fiber did not consider resistant starch as its
presence was not yet recognized (Table 3). Only the definitions proposed by
LSRO (1987) and COMA. (1998) specifically exclude resistant starch. The 1998
COMA definition is based on the Englyst method of analysis, which removes all
starch from the fiber residue by solubilization with dimethyl sulfoxide. Some
definitions, such as those of Germany and AACC, include resistant starch by
specifically listing it; for others, such as those used in Belgium, Italy, and China,
the wording of the definition indicates that resistant starch is part of fiber. Most
other definitions, including the definition from the U.K. Food Standards Agency
(Hignett, 2000), incorporate variable amounts of resistant starch as dietary fiber
because they are based on AOAC procedures that do not analyze a portion of
starch during fiber analysis (AOAC 991.43 and 997.08).

Depending on one’s chosen diet, naturally occurring and manufactured re-
sistant starch, as well as that produced during nommal processing of foods for
human consumption, could make a significant contribution to daily fiber intake.
Legumes are the single largest source of naturally occurring resistant starch
(Mariett and Longacre, 1996). In addition, green bananas (Englyst and Cum-
mings, 1986) and cooled, cooked potatoes (Englyst and Cummings, 1987) can
provide a significant amount of resistant starch. Resistant starch resulting from
normal processing of a foodstuff is a more modest contributor to a typical daily
intake. Starches specifically manufactured to be resistant to endogenous human
digestion are a rapidly growing segment of commercially available resistant
starches. Physiological effects and analysis of resistant starch are being inten-
sively studied (Asp, 1997). Several issues remain to be addressed in these re-
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search areas, particularly for the emerging manufactured resistant starches. The
development of an analytical method that reflects the extent of their digestion in
vivo in the human stomach and small intestine is also needed.

Intact and Naturally Occurring in Food

The dietary fiber hypotheses of Burkitt and colleagues (1972) and Trowell
(1972) were based on populations consuming unrefined diets that were high in
dietary fiber and slowly digested carbohydrates. Fiber-rich foods, however,
contain micronutrients and many other biologically active compounds that have
distinct physiological and biochemical effects in humans. Furthermore, fiber
Integrated into plant cellular structare is released or becomes a viable force in
the gastrointestinal tract only as digestible nutrients are hydrolyzed during di-
gestion. These two features of fiber-rich foods are undoubtedly contributors to
some of the health benefits usually attributed to dietary fiber.

As interest has increased in fiber, manufacturers have isolated dietary fiber
from a wide range of carbohydrate sources to be added to foods. Many of these
isolated materials are used as food additives based on functional properties such
as thickening or fat reduction. As enzymatic and other technologies evolve,
many types of polysaccharides will continue to be designed and manufactured
using plant and animal synthetic enzymes. Examples in this category include
modified cellulose in which the hydroxyl groups on the glucose residues have
been substituted to varying degrees with alkyl groups such as methyl and propyl;
fructooligosaccharides mamufactured from sucrose; and polydextrose synthe-
sized from glucose. In some instances, fibers isolated from plants or manufac-
tured chemically or synthetically have demonstrated more powerful beneficial
physiological effects than a food source of the fiber polysaccharide; in other
imstances, isolation from the plant matrix decreases physiological benefit.

Specificity of the various dietary fiber definitions with respect to non- or
undigestibilty of the material varies among definitions (Table 3). Twelve of the
current definitions specify or imply resistance to human enzymes, and seven do
not. Some experts believe that resistance to human endogenous enzymatic di-
gestion is a necessary component of the definition to ensure that degradation
(i.e., fermentation) occurs in the human large intestine through the metabolism
of fiber by the resident microflora.

Requirement that a Fiber have Specific Health Benefits

Two tecent promulgated definitions (AACC, 2000; ANZFA, 2000) have
specific health benefits necessary for a material to be labeled or considered to be
dietary fiber (Table 3). However, origins of the current interest in dietary fiber
came from observations that populations that consumed diets high in dietary
fiber had reduced incidence of several chronic diseases common in Western
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populations. Correlational studies compared the incidence of heart disease, co-
lon cancer, diverticular disease, diabetes, and other diseases with estimates of
crude fiber in the diet of rural African populations and the United States (Burkitt
et al.,, 1974). Since the health benefits of dietary fiber will be extensively re-
viewed in the upcoming report on Dietary Reference Intakes for macronutrients,
only those health benefits previously considered and relevant to the fiber defini-
tion are briefly discussed here.

Colonic Health

One of the oldest recognized effects of dietary fiber is modulation of intes-
tinal function. Dietary fiber alters water content, viscosity, and microbial mass
of intestinal contents, resulting in changes in the rate and ease of passage
through the intestine. The result of increased fiber includes reduced transit time,
increased fecal weight, and improved laxation (Birkett et al,, 1997), which,
along with dilution of lumenal contents, have been proposed to reduce colon
cancer risk (Trock et al.,, 1990). The accompanying reduction in intracolonic
pressure may lower diverticular disease risk (Brodribb and Humphreys, 1976).
By comparing effects of many different fiber sources, it has become apparent
that those fibers that are slowly, incompletely, or not fermented significantly
increase stool output; these fibers usually analyze as insoluble fibers and con-
trast with soluble fibers, most of which are rapidly fermented.

Correlational epidemiological evidence suggests a relationship between
dietary fiber intake and colon cancer incidence (Trock et al.,, 1990), but more
refined case control studies have observed a less consistent effect (LLanza, 1990).
Furthermore, epidemiological observations suggest that formation of adenoma-
tous polyps, a precancerous colonic lesion, is related to dietary fiber intake
(Giovannucci et al., 1992), but colon cancer incidence is not (Giovannucci et al.,
1994). Two recently published intervention trials, of 3 years duration, found no
effect of fiber on the recurrence of adenomatous polyps in subjects given a
wheat bran fiber supplement (Alberts et al., 2000) or in subjects who consumed
a diet low in fat and high in fruits, vegetables, and fiber (Schatzkin et al., 2000).
Wheat bran has been shown to reduce concentrations of fecal bile acids (Alberts
et al., 1996), which have been implicated as carcinogenic promoters or cocar-
cinogens. In summary, the body of evidence indicates that slowly digested or
nonfermentable fiber sources promote laxation, but evidence is insufficient to
determine if decreased colon cancer risk is a beneficial effect of fiber. The com-
plex etiology of colon cancer and the significant genetic involvement make the
design of appropriate intervention trials very difficult except through the use of
alternate end points, which has thus far been unsuccessful.
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Breast Cancer

Some evidence has also accumulated suggesting a relationship between die-
tary fiber consumption and breast cancer risk (Gerber, 1998). However, this rela-
tionship is less consistent than that of fiber and colon cancer. Although interven-
tion trials suggest an ability of fiber to reduce blood estrogen concentration,
which is a risk factor for the development of breast cancer (Rose et al., 1991),
data are not sufficient to suggest that high fiber diets lower breast cancer risk.

Cardiovascular Disease

A relatively large body of experimental data (Anderson et al., 2000; Olson
et al., 1997; Ripsin et al., 1992) support a blood cholesterol-lowering effect of
viscous dietary fibers that usually analyze as soluble fibers, and epidemiological
evidence supports the relationship between increased intake of foods high in
fiber and decreased risk of cardiovascular disease (Rimm et al., 1996; Wolk et
al., 1999). In contrast, intervention with wheat bran had no significant effect on
blood cholesterol concentrations (Anderson et al., 1991), failing to support an
epidemiological benefit on cardiovascular disease incidence.

Using blood cholesterol concentrations as a marker for cardiovascular dis-
ease, certain fibers have beneficial physiological effects by lowering blood cho-
lesterol, probably by modifying sterol balance (Anderson et al., 1984; Everson et
al., 1992; Marlett et al., 1994). Experiments using viscous isolated polysaccha-
rides (e.g., pectin, psyllium, guar gum) as a fiber source have demonstrated that
many retain this hypocholesterolemic characteristic in the isolated form (Brown
et al., 1999). Some evidence also suggests an inverse relationship between fiber
and hypertension, another risk factor for cardiovascular disease (Ascherio et al,,
1992, 1996). It is unclear whether fiber itself or substances associated with fiber-
rich foods, such as phytochemicals and minerals, may be the important factors in
the effects observed in these epidemiological studies.

Diabetes

The role of high fiber diets in reducing risk for Type 2 diabetes mellitus and
for treatment of both forms of diabetes also relates to viscosity. Viscous fibers
from food reduce glycemic response better than sources rich in nonviscous fi-
bers (e.g., cellulose and lignin) (Wolever and Jenkins, 1993), and increase insu-
lin sensitivity (Fukagawa et al., 1990). Increased viscosity results in slower
stomach emptying, slower rate of absorption, and changes in the composition of
colonic microbial flora (Roberfroid, 1993). Epidemiological studies have found
that high glycemic load and low cereal fiber consumption is positively corre-
lated with risk of Type 2 diabetes (Salmeron et al., 1997a, 1997b). In addition,
blood glucose concentrations are reduced and exogenous insulin needs are lower
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when individuals with Type 2 diabetes consume higher fiber diets (Anderson
and Ward, 1979). The beneficial physiological effects of viscous fibers on blood
glucose concentrations have been consistently demonstrated for over 25 years
and are supported by more mechanistic studies.

Hydrolysis reduces viscosity of guar gum and mixed linkage B-glucan (Jen-
kins et al., 1978; Wood et al., 1994) and hydrolyzed versions are now available
because the lower viscosity may increase potential for additional food uses,
However, what data exist on the physiological differences seer when polymeric
chain length and viscosity are reduced suggest that the glycemic and cholesterol-
lowering effects of fiber may be reduced or lost (Favier et al., 1997; Jenkins et
al.,, 1978; Lund et al., 1989; Wood et al., 1994). Therefore, the advantages of
improved palatability and ease of use must be weighed against potential loss of
physiological effect for fibers that have a shorter chain length and reduced vis-
cosity.

Obesity

A fiber-rich diet has been suggested to be an important factor in weight
maintenance and the treatment of obesity (Appleby et al., 1998; Burley et al.,
1993; Miller et al., 1994), although the significant changes in upper gastrointes-
tinal tract function are difficult to consistently measure. Diets high in fiber are
associated with slower stomach emptying, which induces a short-term increase
in satiety (Roberfroid, 1993). This may modulate caloric intake and the rate of
nutrient absorption. In addition, the reduced caloric density of diets rich in fiber
has been suggested to be an asset in weight maintenance. Diets higher in fiber
are just one aspect of the wreatmnent of obesity, and at this time, measurable ef-
fects attributable solely to fiber are insufficient to designate fiber as a beneficial
physiological effector of body weight.

Other Roles in Health

There are several other potential beneficial effects of fiber and fiber-like
materials for which additional data are needed before the benefits can be sub-
stantiated. For example, some preliminary observational evidence suggests fiber
may protect against duodenal ulcers (Aldoori et al., 1997) and gastric cardia can-
cer (Terry et al, 2001). Animal experiments have suggested a role of various
fibers on intestinal immune function (Field et al., 1999; Lim et al, 1997), al-
though human studies are lacking. As a result of fiber serving as substrate for
bacteria in the large intestine, changes in the spectrum and mass of bacteria in the
intestine have been a topic of discussion for some time (Roberfroid, 1993). As
these changes are more thoroughly understood, the use of fibers to medify fecal
and colonic bacteria, much like the suggested use of probiotics, may be possible.
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IV. PROPOSED DEFINITION OF DIETARY FIBER

The Panel on the Definition of Dietary Fiber proposes two definitions to en-
compass current and future nondigestible carbohydrates in the food supply that
are considered to be meaningful subdivisions of the potential substances that
could be included:

1. Dietary Fiber consists of nondigestible carbohydrates and lignin
that are infrinsic and intact in plants.

2. Added Fiber consists of isolated, nondigestible carbohydrates
that have beneficial physiological effects in humans.

Total Fiber is the sum of Dietary Fiber and Added Fiber.

This two-prong approach to define edible, nondigestible carbohydrates rec-
ognizes the diversity of carbohydrates in the human food supply that are not
digested: plant cell wall and storage carbohydrates that predominate in foods,
carbobydrates contributed by animal foods, and isolated and low molecular
weight carbohydrates that occur naturally or have been synthesized or otherwise
manufactured. These definitions recognize a continuum of carbohydrates and
allow for flexibility to incorporate new fiber sources developed in the future
following demonstration of beneficial physiological effects in humans.

Distinguishing Features

Dietary Fiber consists of nondigestible food plant carbohydrates and lignin
in which the plant matrix is largely intact. Nondigestible means that the material
is not digested and absorbed in the human small intestine. Nondigestible plant
carbohydrates in foods are usually a mixture of polysaccharides that are integral
components of the plant cell wall or intercellular structure (see Table 3). This
definition recognizes that the three-dimensional plant matrix is responsible for
some of the physicochemical properties attributed to Dietary Fiber. Fractions of
plant foods are considered Dietary Fiber if the plant cells and their three-
dimensional interrelationships remain largely intact. Thus, mechanical treatment
would still result in intact fiber. Another distinguishing feature of Dietary Fiber
sources is that they contain other macronutrients (e.g., digestible carbohydrate
and protein) normally found in foods. For example, cereal brans, which are ob-
tained by grinding, are anatomical layers of the grain consisting of intact cells
and substantial amounts of starch and protein; they would be categorized as
Dietary Fiber sources. Resistant starch that is naturally occurring and inherent in
a food or created during normal processing of a food, as is the case for flaked
comn cereal, would be categorized as Dietary Fiber. Examples of oligosaccha-
rides that fall under the category of Dietary Fiber are those that are normally
constituents of a Dietary Fiber source, such as raffinose, stachyose, and verba-
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cose in legumes, and the low molecular weight fructans in foods, such as Jeru-
salem artichoke and onions.

Added Fiber consists of isolated or extracted nondigestible carbohydrates
that have beneficial physiological effects in humans. Added Fibers may be iso-
lated or extracted using chemical, enzymatic, or aqueous steps. Synthetically
manufactured or naturally occurring isolated oligosaccharides and manufactured
resistant starch are included in this definition. Also mcluded are those naturally
occurring polysaccharides or oligosaccharides usually extracted from their plant
source that have been modified, for example to a shorter polymer length or to a
different molecular arrangement. Although it has been inadequately studied, ani-
mal-derived carbohydrates such as connective tissue are generally regarded as
nondigestible. The fact that animal-derived carbohydrates are not of plant origin
forms the basis for including animal-derived, nondigestible carbohydrates in the
Added Fiber category. Isolated, manufactured, or synthetic oligosaccharides of
three or more degrees of polymerization are considered to be Added Fiber. Non-
digestible monosaccharides, disaccharides, and sugar alcohols are not considered
to be Added Fiber because they fall under “carbohydrates™ on the food label.

Rationale for Definitions

Nondigestible carbohydrates are frequently isolated to concentrate a desir-
able attribute of the mixture from which it was extracted. Distinguishing a cate-
gory of Added Fiber allows for the desirable characteristics of such components
to be highlighted. In the relatively near future, plant and animal synthetic en-
zymes may be produced as recombinant proteins, which in tum may be used in
the manufacture of fiber-like materials. The definition will allow for the inclu-
sion of these materials and will provide a viable avenue to synthesize specific
oligosaccharides and polysaccharides that are part of plant and animal tissues.

Three established physiological effects of Added Fibers are recognized at
this time as beneficial to human health. These are attenuation of postprandial
blood glucose concentrations, attenuation of blood cholesterol concentrations,
and improved laxation. Rapidly changing lumenal fluid balance resulting from
large amounts of nondigestible mono- and disaccharides or low molecular
weight oligosaccharides, such as what occurs when sugar alcohols are con-
sumed, is not considered a mechanism of laxation for Added Fibers.

Nondigestible carbohydrates may influence specific aspects of immune
function, particularly since the small intestine embodies quantitatively the largest
proportion of immune tissu¢ in mammals (Kelly and Coutts, 2000; McKay and
Perdue, 1993). Furthermore, nearly all fibers are fermented to some extent, pro-
ducing short-chain fatty acids for which a variety of physiologic roles are being
identified (Bugaut and Bentejac, 1993; Fleming and Yeo, 1990; Mortensen and
Clausen, 1996). However, insufficient data and a lack of consistency in available
experimental results limit recognition of some beneficial physiological effects
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related to immune function at this time. The two-pronged approach to defining
fiber, however, allows for future addition of these and other beneficial physio-
logical effects as they are identified and characterized with some certainty.

In summary, one definition has been proposed for Dietary Fiber because
many other substances in high fiber foods, including a variety of vitamins and
minerals, often have made it difficult to demonstrate a significant health benefit
specifically attributable to the fiber in foods. Thus, it is difficult to separate out
the effect of fiber per se from the high fiber food. Attempts have been made to
do this, particularly in epidemiological studies, by controlling for other sub-
stances in those foods, but these attempts were not always successful. The ad-
vantage, then, of adding isolated nondigestible carbohydrates as a fiber source to
a food is that one may be able to draw conclusions about Added Fiber itself with
regard to its physiological role rather than the vehicle in which it is found. The
proposed definitions do not preclude research directed towards the health bene-
fits of Dietary Fiber in foods, but it is not necessary to demonstrate a physio-
logical effect in order for a food fiber to be listed as Dietary Fiber.

Two important aspects of the recommended definitions are that some fibers
are Added Fibers and that a substance is required to demonstrate a beneficial
physiological effect to be classified as Added Fiber. Research has shown that
extraction or isolation of a polysaccharide, usually through chemical, enzymatic,
or aqueous means, can either enhance its health benefit (usually because it is a
more concentrated source) or diminish the beneficial effect. These recommen-
dations should be helpful in evaluating diet and disease relationship studies as
one will be able to classify fiber-like components as Added Fibers due to their
documented health benefits. Although databases are not currently constructed to
delineate potential beneficial effects of specific fibers, there is no reason that
this could not be accomplished in the future.

Inclusion of Lignin as Dietary Fiber

It is recognized that lignin consists of phenolic compounds and not carbo-
hydrates, Although lignin is present in the North American food supply in only
small amounts, it is included as Dietary Fiber for two reasons: it is covalently
bound to fiber polysaccharides, and its presence alters the physiological effects
of the fiber. For example, fermentability of fiber polysaccharides is reduced by
lignin (Jung, 1989; Titgemeyer et al., 1991). Definitions of dietary fiber promul-
gated by Health and Welfare Canada, Germany, and AACC, as well as the defi-
nition proposed by ANZFA, specifically include lignin. Lignin is the only fiber-
associated substance included in the definition of Dietary Fiber and is only in-
cluded when it is part of the intact plant matrix.
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Exclusion of Specific Physiological Effects

Specific physiological effects are not part of the definitions because new
beneficial effects of nondigestible carbohydrates will continue to be discovered.
Furthermore, the aim of this activity was to promulgate definitions that have
overall long-term applicability. Thus specific physiological benefits are not in-
cluded because such a definition would become quickly outdated as new health
effects become established. It is anticipated that acceptable physiological bene-
fits will be identified during implementation of the proposed defmitions.

Phasing Out the Terms Soluble and Insoluble Dietary Fiber

Physiological effects of some ingested Dietary Fibers and some Added Fi-
bers include attenuation of postprandial blood glucose concentration and blood
cholesterol concentration and improved laxation. Available data suggest that the
addition of fiber sources that are viscous are capable of altering blood glucose
and cholesterol concentrations (Anderson et al.,, 1999; Jenkins et al., 1978,
2000). Fiber sources that are siowly, incompletely, or essentially not fermented
in the large intestine provide bulk and therefore optimize laxation (Birkett et al.,
1997; Cummings, 1997). These two physicochemical properties, viscosity and
fermentability, are recommended as meaningful altermative characteristics for
the terms soluble and insoluble fiber to distinguish Dietary Fibers and Added
Fibers that modulate gastric and small bowel function from those that provide
substantial stool bulk. It is recommended that the terms soluble and insoluble
fiber be phased out and replaced with the appropriate physicochemical property
as the characterization of the properties of various fibers becomes standardized.
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V.IMPACT OF THE DEFINITIONS OF DIETARY FIBER AND
UNRESOLVED ISSUES

Adoption of these proposed definitions will have significant impact in a va-
riety of areas. In particular, major developments and modifications will be
needed in the area of fiber analysis, and additiona] research into physiological
actions of many fibers will be necessary. The results of these new efforts will be
reflected in food composition databases and on the nutrient label, and resources
and collaborative efforts will be needed from the food industry, research and
analytical scientists, and governments,

However, these definitions are a true improvement over existing definitions
because they begin to recognize fiber as a nutrient with demonstrable health
effects and lessen the emphasis on fiber as a constituent of food requiring quan-
titation; this improvement warrants the adaptations that will have to occur, An-
ticipated changes and unresolved issues are the focus of this section.

Impact on Analytical Methodology

The proposed definitions, based on health benefits and physiological con-
siderations rather than on analytical methods, will undoubtedly have major im-
pact on the analysis of fiber. Analytical methods are needed that will fit with the
definitions, not the reverse. This approach to defining fiber recognizes dietary
fiber as a nutrient, rather than merely as an analytically measured food constitu-
ent.

The Panel was not charged with proposing methods for fiber analysis that
would be comsistent with the new definitions. It was, however, charged with
proposing definition(s) that would take into consideration possibilities for analy-
sis. It is anticipated that analysis for the proposed fiber definitions will be ap-
proached from two directions concurrently. One will explore development of
new methods of characterization and analysis, and the other will involve modifi-
cation of existing methods to accommodate the new definitions. It is also recog-
nized that the ideal analytical approach would be to have methods for Dietary
Fiber and for Added Fiber, with the sum of the two results being Total Fiber.
Current methodology, including approaches for specific Added Fibers, are re-
viewed in Appendix C, with overall approaches outlined below:,

Several changes to current methods are needed to obtain values for Dietary
Fiber. Dietary Fiber now includes all naturally occurring resistant starch, not
just that portion measured by current enzymatic-gravimetric methods. Thus,
methodological modifications are needed that extract all resistant starch from
fiber and then measure this fiber. Complete extraction of resistant starch from
fiber has been accomplished by some analytical methods, and it is likely that
complete starch removal can be accomplished by incorporating either additional
enzymes that hydrolyze starch or the solvent dimethyl sulfoxide into the current
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procedures. Several methods for specifically measuring resistant starch are now
under evaluation, and some approaches are likely to measure that fraction resis-
tant to the actions of the human stomach and small intestine and therefore, be
suitable for application to all foods. Consideration should be given to methods
that not only determine resistant starch, but also measure digestible or total
starch in the same assay so that a portion of the total starch is not recovered in
more than one starch fraction. Naturally occurring oligosaccharides inherent in
foods containing Dietary Fiber need to be captured during analysis. Since most
oligosaccharides are not recovered by ethanol precipitation, it may be necessary
to recover them from the ethanol soluble fraction on the basis of molecular
weight by chromatography or dialysis.

Current fiber analysis methods recover animal polysaccharides as dietary
fiber. Thus, for those foods containing any anmimal carbohydrates, methods for
their analysis are needed so they can be subtracted from the Dietary Fiber value.
A general method applicable to all animal carbohydrates that would distinguish
them from plant carbohydrates is difficult to envision. For those Dietary Fibers
containing animal carbohydrates, however, it may be possible to use specific
enzymatic steps to hydrolyze glycosaminoglycans (i.e., mucopolysaccharides),
glycoproteins, or other carbohydrates in cartilage for subsequent quantitation.
Perhaps an amount of animal-derived carbohydrates in Dietary Fiber could be
defined below which the animal carbohydrate could be disregarded. For exam-
ple, if 10 percent or less of the Dietary Fiber were from animals, it would not
have to be determined and subtracted from the Dietary Fiber.

Some possible approaches for analyzing for Dietary Fiber that utilize un-
modified current methods of analysis include:

a. Using gravimetric methods:
1. gravimetric methods (AOAC methods 985.29, 991.43, 992.16,
993.21)
subtract resistant starch
subtract nondigestible, animal-derived carbohydrate
add naturally occurring resistant starch
add naturally occurring oligosaccharides

bl

b. Using the method of Theander:

method of Theander

subtract resistant starch

subtract nondigestible, animal-derived carbohydrate
add naturally occurring resistant starch

add naturally occurring oligosaccharides

Yo
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c. Using the appropriate method of Englyst:
1. method of Englyst (colorimetric, GC, or HPLC)
2. subtract nondigestible, animal-derived carbohydrate
3. add lignin
4. add naturally occurring resistant starch
5. add naturally occurring oligosaccharides

The fibers that are included in the definition of Added Fiber could be ana-
lyzed using methods for each specific compound that have been or could be de-
veloped, generally using GC or HPLC for quantitation after the Added Fiber has
been isolated, typically by chromatography or dialysis. In some instances, Added
Fiber could be determined enzymatically, for example, as mixed linkage f3-
glucan is now (McCleary and Codd, 1991). Existing analytical methods for To-
tal Fiber would be suitable for those Added Fibers that are quantitatively recov-
ered by the method.

The possibility that more than one Added Fiber might be in a food product
also needs to be addressed. In this case, different Added Fibers may be distin-
guished by their specific method of analysis. Alternately, they may be distinguish-
able on the basis of monosaccharide composition or by enzymatic hydrolysis. For
example, mixed linkage B-glucan could be measured enzymatically, as it currently
is. Monosaccharide composition data would be available only if the fiber was iso-
lated from the food matrix, acid hydrolyzed to yield the constituent carbohydrates,
and those monosaccharides individually quantitated by GC or HPLC. A knowl-
edge of the monosaccharide composition of the individual Added Fiber is required
for this approach. Toral Fiber analysis, analysis for individual Added Fibers by
specific methods, and formulation or recipe information may be needed for analy-
sis of complex mixtures of Added Fibers.

The most challenging analytical issue is the analysis of food products for fi-
ber when they contain both Dietary Fiber and Added Fiber. It is likely that a
combination of existing and new methods, similar to what has been illustrated
above, will be needed to effectively separate and quantitate these two types of
fiber when they occur in the same food vehicle. A measurement of Total Fiber
is still possible, but formulation information and analyses for specific Added
Fibers by appropriate methods may need to be combined with analytical data to
distinguish Dietary Fiber and Added Fiber. However, it may be more practical
to determine Total Fiber using either current methods or modifications of cur-
rent methods for Total Fiber and to follow up with continued development of
methods to determine 4Added Fibers.

While development of new methods requires dedicated input from industry,
academia, and government, the exploration of using more modern analytical
approaches for the analysis of Dietary Fiber and Added Fiber is encouraged.
Methods already exist that specifically and accurately measure fiber-derived
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polysaccharides by determining the amounts of their constituent neutral mono-
saccharides by GC or HPLC and the acidic polymers that comprise pectin by a
colorimetric assay. The incorporation of a step using dimethyl sulfoxide, as is
done in the Englyst methods, could extract all starch from fiber. An additional
analysis to measure naturally occurring resistant starch would be needed for
foods. For foods containing oligosaccharides or other ethanol soluble carbohy-
drates, an additional step would be needed whereby these carbohydrates would
be recovered from the ethanol on the basis of molecular weight, using column
chromatography or dialysis; they could be combined with the fiber-derived car-
bohydrates for quantitative analysis. Conceivably, a multi-part procedure could
be developed and approved, and only those steps relevant to the fiber source
being analyzed would need to be performed.

Impact on Recommended Levels of Intake

It is not anticipated that these definitions would significantly impact rec-
ommended levels of intake. However, information on both Dietary Fiber and
Added Fiber would more clearly delineate the source of fiber and the potential
health benefits. Although these two categories of fiber would be listed sepa-
rately, the Total Fiber recommendation would reflect the sum of the two. The
rationale for summing the two is that naturally occurring Dietary Fiber has
known, although difficult to delineate, health benefits, and substances presented
as Added Fiber could not be included on the label without a demonstrated bene-
ficial physiological effect. Thus, Added Fiber should contribute to human heaith
just as Dietary Fiber does and should count toward the total recommended level
of intake. It is also possible that where the physiological benefits of each type of
fiber, Dietary Fiber or Added Fiber, are well characterized, separate recommen-
dations for intake could be constructed.

A separate issue involves potential Tolerable Upper Intake Levels (UL) for
fiber. The possible adverse effects of fiber, including Dietary Fiber and Added
Fiber, will be reviewed in the upcoming report that will provide Dietary Refer-
ence Intakes (DRIs) for macronutrients. It may be possible to concentrate large
amounts of Added Fiber in foods, beverages, and supplements. Since the poten-
tial adverse health effects of Added Fiber are not completely known, they should
be evaluated on a case-by-case basis. In addition, projections regarding the po-
tential contribution of Added Fiber to daily Total Fiber intake at anticipated
patterns of food consumption would be informative.

Impact on Food Composition Databases

More information on food carbohydrates will be required with these new
definitions, much in the way that more detailed information on protein (i.e.,
amino acids) and fat (i.e., fatty acids) has been incorporated into food tables.
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Values for Dietary Fiber and Added Fiber would be listed under Total Fiber.
Each of these categories could be further divided and contain data on constitu-
ents. Constituents under Added Fiber could include isolated, modified, and
synthesized carbohydrates, such as mixed linkage B-glucans, pectins, celluloses,
some resistant starches, gums, and oligosaccharides. Constituents under Dierary
Fiber could include intrinsic and intact celluloses, hemicelluloses, pectins, lig-
nin, resistant starches, and mixed linkage B-glucans. Given the difficulty in de-
veloping methods that provide physiologically relevant values, no data for the
amounts of soluble and insoluble fiber would appear in the food composition
tables. At least three values would be listed in the food composition database:
Total Fiber, Dietary Fiber, and Added Fiber. As noted earlier, current methods
may need to be modified and new methods will need to be developed to provide
these compositional data.

Impact on Dietary Fiber Research

Although many aspects of the health benefits of fiber and fiber-containing
foods remain poorly understood and in need of investigation, four areas of re-
search are particularly relevant to the proposed definitions. First, research to
identify and meaningfully and reproducibly assess established physiological
effects of fiber on laxation and blood glucose and cholesterol concentrations, or
other possible beneficial effects, is needed for a material to be classified as
Added Fiber. Second, research is needed to develop and evaluate appropriate
methods to measure viscosity and fermentability in such a way that the in vitro
data obtained can be related to in vivo action. Third, there is a need to continue
research that identifies and characterizes new and emerging physiological ef-
fects of existing fibers. Finally, discovery and characterization of new materials
that could be classified as Added Fiber should continue.

Although the proposed definitions do not outline the nature and extent of
demonstrating a beneficial health effect for Added Fiber, it is anticipated that
research designs used to characterize the established physiological effects on
laxation and blood glucose and cholesterol concentrations can form the basis for
developing standard protocols and criteria to determine whether an Added Fiber
demonstrates one of these beneficial physiological effects. In addition, the pos-
sibility of using analytically determined viscosity and fermentability as part of
the evaluation process needs to be explored. Using all of these avenues for
evaluation will encourage the development of new Added Fibers and broaden
the diversity of materials with special health benefits.

The intention of replacing the concept of soluble and insoluble fibers with
viscous and incompletely fermented fibers is to bring into use analytically ob-
tained characteristics that have physiological relevance. Appropriate standards and
controls need to be identified, as do conditions of experimentation, such as time,
temperature, and concentration. Also, procedures need to be applied to the fiber
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and not the food, as food products may be made viscous through other ingredients
and processing.

Similarly, an in vitro system that accurately reflects the rate and extent of
fermentation of a material in the human large intestine will need to be devised and
evaluated for application to Added Fibers. The relevance of a proposed analytical
approach to in vivo behavior will need to be determined in a variety of circum-
stances. The analytical procedure will also need to be evaluated for ruggedness,
relevance to various in vivo situations, and analytical accuracy and precision.

Several areas are emerging as potential physiological effects of Dietary Fi-
ber and Added Fiber. More research could be conducted on the potential use of
Dietary Fiber and Added Fiber in weight control, as certain fibers reduce food
intake and possibly the amount of metabolizable energy available. In addition,
there are alleged physiological effects of dietary fibers where too few data now
exist to demonstrate a role conclusively, but which will have great relevance
should the link between fiber and physiological effect be clearly established.
These include the effects of fiber on colonic ecology, gut hormones, and the
immune system.

In addition, the relationship between the biochemical characteristics of Die-
tary Fibers (e.g., monosaccharide composition, biologically active plant cell wall
fragments [arabinoxylans], and linkages between carbohydrate moieties and other
cell wall components like lignin) and physiological events need further clarity and
are deserving of enhanced research activity. In the case of oligosaccharides, their
role as Dietary or Added Fiber versus serving as osmotically active agents in the
gut needs to be clarified. Acute and rapid changes in colonic lumenal fluid, such as
what is produced by sugar alcohols, has not traditionally been a mechanism of
action for fiber, The proposed definitions include nondigestible carbohydrates of
low molecular weight (oligosaccharides of three or more sugar residues), and re-
search is needed to determine the relative benefits and risks of relatively large
amounts of low molecular weight fiber oligosaccharides.

Accurate, repeatable measures of colonic health must be established. For in-
stance, littie is known about the metabolic activities of the microbes in the human
large intestine that may be exposed to atypical substrates or, in certain instances,
subjected to starvation conditions. Indeed, data collected using molecular-based
systems for identification of microbes may result in a reevaluation of what is pres-
ently accepted about the microbial ecology of the gut, most of which has been
determined by plating techniques. What are the rates and extents of substrate fer-
mentation that optimize conditions in the lower gut vis-a-vis health status? Fur-
ther, the long-term consequences of crowding out certain strains of bacteria by
feeding particular dietary fibers are unknown. Questions such as these must be
answered to improve understanding of the effect of fiber on colonic health status.
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Impact on Development in the Food Industry

Despite the established fact that dietary fiber is considered a healthful part
of the diet, dietary fiber intakes in the United States are only about half of rec-
ommended levels (Alaimo et al., 1994), and surveys indicate that the majority of
Canadians are not concerned with the amount of fiber in their diet (Federal, Pro-
vincial and Territorial Advisory Committee on Population Health, 1999).
Chronic inadequate fiber intakes give manufacturers reason to supplement foods
with fiber and to market fiber supplements. In the United States, consumers rec-
ognize dietary fiber as a positive component of the food supply, and its inclusion
on a food label is thought to have significant impact. In particular, concentrating
a desirable material as an Added Fiber will allow the health benefits of its pres-
ence in the product to be emphasized.

Because Dietary Fiber is the fiber that occurs naturally in plant foods, la-
beling for fruits, vegetables, whole grains, legumes, and nuts will continue un-
changed under the proposed definition in both the United States and Canada.
This could lead to increased utilization of natural plant foods in food products,
which is in keeping with recent dietary recommendations to consume more
grains, especially whole grain, fruits, and vegetables (Health Canada, 1997b;
USDA/DHHS, 2000). Since the proposed definition of Dietary Fiber includes
naturally occurring resistant starch, starchy foods such as legumes or pasta may
also be utilized to a greater extent in food products to provide Dietary Fiber.

Currently in the United States, to claim that a product contains dietary fiber
requires that the fiber content be based on accepted AOAC methods. Inulin, poly-
dextrose, resistant starch, and some other isolated carbohydrates are not assayed
by these methods. Therefore, under current regulations, these substances do not
qualify as dietary fiber. However, many manufacturers have conducted clinical
studies that show their products have positive physiological properties similar to
those of accepted fiber sources; many of these substances now may be eligible to
qualify as Added Fiber under the new definitions. For new and untested materials,
demonstration of a beneficial physiological effect will be necessary for the sub-
stance to qualify as an Added Fiber. Research has supported three health benefits
(attenuation of blood glucose and cholesterol concentrations and improved laxa-
tion) of Added Fiber. Although protocols to demonstrate efficacy of a new product
are not specified as part of the proposed definition, it is recognized that food
manufacturers will need information on the characteristics and types of studies
required to demonstrate beneficial physiological effects. It is also recognized that
the food industry will have to allocate resources to substantiate the beneficial
health effect of an Added Fiber product.
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Impact on Nutrition Labeling

Adoption of the proposed definitions will have a positive, informative im-
pact on nutrition labeling. The current system of labeling for dietary fiber—
dietary fiber, insoluble and/or soluble—will be replaced by two values: Dietary
Fiber and Added Fiber. After an education process, consumers will learn that
both Dietary Fiber and Added Fiber are considered to play a role in health.
Dietary Fiber will include plant foods in which the fiber is relatively intact and
nutrients other than fiber that are present and may contribute significantly to the
attributed overall health effects. Added Fiber will contain only those fibers
shown to have positive health benefits. It is assumed that the food industry will
promote the health benefits of their Added Fibers, and therefore, consumers will
be able to anticipate the types of beneficial effects that may occur if they con-
sume foods containing these Added Fibers. In the future it is anticipated that the
specific types of Added Fibers will be part of the food label, thus providing the
consurner and health professional with additional information. Total Fiber will
be the sum of Dietary Fiber and Added Fiber, so if the consumer wants to know
the total amount of fiber per serving this value will provide that information.
Since it is recommended that the current designations “soluble” and “insoluble”
dietary fiber be eliminated from the label, their removal will provide space for
the inclusion of Dietary Fiber and Added Fiber.

As discussed earlier, a separate issue regarding nutrition labeling centers on
accurate analytical verification of the division of Total Fiber into Dietary Fiber
and Added Fiber. In addition, dietary fiber is currently assigned an energy value
of 0 keal/g if it is insoluble and 4 kcal/g if it is soluble. Although not a task of
this report, the complexity of assigning these somewhat arbitrary energy values
to dietary fiber is discussed in detail in Appendix D.
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Appendix B
Glossary

Cellulose. Cellulose, a polysaccharide consisting of linear 3-(1,4)-linked glu-
copyranoside units, is the main structural component of plant cell walls. Humans
lack digestive enzymes to cleave B-(1,4) linkages and thus cannot absorb glu-
cose from cellulose.

Chitin and Chitosan, Chitin is a polysaccharide analogous in chemical struc-
ture to cellulose except that the repeating unit is a (1,4)-linked N-acetyl-D-
glucosamine, a compound consisting of glucose derivative units joined to form a
long, unbranched chain. Chitosan is the N-deacetylated product of chitin. Both
chitin and chitosan are main constituents of the exoskeletons of many arthro-
pods. They are also found in structures of imvertebrate organisms and the cell
walls of most fungi.

Chondreitin Sulfate. Chondroitin sulfate consists of repeating units of glucu-
ronic acid linked to N-acetyl-D-galactosamine. It is a major constituent of various
connective tissues and can be found particularly in blood vessels, bone, and car-
tilage.

Cutin. Cutin is a waxy, water-repellent substance that is the major cornponent of
the cuticle, a protective layer covering the plant epidermal cells exposed to the
environment above ground.

Degrees of Polymerization. Degrees of polymerization is the number of anhy-
dromonosaccharide units in a polysaccharide.
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Dextrins. Partial degradation products of starch digestion that are fully digesti-
ble in the human small intestine. Sometimes referred to as maltodextring. Dex~
trins are not to be confused with resistant maltodextrins.

Fructan. Fructan is a general term for any carbohydrate consisting of linear or
branched fructose polymers that constitute the majority of the glycosidic units.

Fructooligosaécharide. See oligofructose.

Galactooligosaccharide. Galactooligosaccharides are nondigestible oligo-
saccharides (3 to 10 degrees of polymerization) composed of galactose units that
escape digestion in the stomach and small intestine and arrive in the colon.

Gums. Gums consist of a diverse group of water soluble polysacchandes usu-
ally isolated from seeds and typically viscous in aqueous solution.

Hemicelluloses. Hemicelluloses are a group of polysaccharides found in plant cell
walls that surround the cellulose fibers. These polymers can be linear or branched
and consist of glucose, arabinose, mannose, xylose, and galacturonic acid.

Hydrocolloid. Synonym for gum (e.g., guar gum, locust bean gum, and gum
arabic). Hydrocolloids are widely used in small amounts as food additives to

modify textural, water retention, and rehydration properties.

Imtact. As used in the definition of Dietary Fiber, intact is defined as having no
relevant component removed or destroyed (Gove, 1967).

Intrinsic. As used in the definition of Dietary Fiber, intrinsic is defined as
originating and included wholly within (Gove, 1967).

Inulin. Inulin is a B-(2,1)-linked fructose polymer usually terminated by a glucose
unit that was originally isolated from dahlia tubers. It is a naturally occurring
component of plants such as chicory and Jerusalem artichoke.

Lectins. Lectins are proteins with sugar-binding sites that can agglutinate cells
and/or precipitate molecules that contain carbohydrate.

Lignin, Lignin is a highly-branched polymer comprised of phenylpropanoid
units and is found within “woody” plant cell walls, covalently bound to fibrous
polysaccharides.

Maillard Reaction Produects. Maillard reaction products are produced by one
form of nonenzymatic browning in which the carbonyl groups of acyclic sugars
interact with free amino groups of amino acids. This occurs when the carbohy-
drate solution becomes neutral or weakly alkaline, which favors the acyclic car-
bonyl forms of reducing sugars.

Mixed Linkage B-Glucans. Mixed linkage B-glucans are homopolysaccharides
of branched glucose residues. These B-linked D-glucopyranose polymers are
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constituents of fungi, algae, and higher plants and include mixed linkage B-
glucans in cereals.

Modified Cellulose. Modified cellulose is produced by treatment of cellulose
fibers, obtained from cotton linters or wood pulp, yielding cellulose derivatives
such as methyl ether or hydroxypropyl ether of cellulose.

Mucilage, Mucilage is a thick, viscous plant cell product, and the term is usually
applied to plant gums.

Nondigestible. Nondigestible is an adjective that implies a substance is not broken
down to simpler chemical compounds in the living body chiefly through the action
of secretion-containing enzymes such as the saliva and the gastric, pancreatic, and
intestinal juices in the alimentary canal of higher animals (Gove, 1967).

Nonstarch Polysaccharide. Polymeric fraction of fiber that includes all polysac-
charides and excludes lignin and all starch. Nonstarch polysaccharide is typically a
mixture of cellulose, hemicellulose, pectins, and gums.

Novel Fibre. Health Canada has defined novel fibre as a food that has been
manufactured to be a source of dietary fiber and: has not traditionally been used
for human consumption to any significant extent; or has been chemically proc-
essed (e.g., oxidized) or physically processed (e.g., very finely ground) so as to
modify the properties of the fibre; or has been highly concentrated from its plant
source. It must be demonstrated that a novel fibre is safe and that it functions
physiologically as dietary fiber for it to be considered a source of dietary fiber.

Oligofructose. Oligofructose, also known as fructooligosaccharide, is the hy-
drolysis product of inulin and consists of 3 to 5 units comprised of fructose with
a terminal glucose unit. Qligofructose, which is produced by the action of the
fungal enzyme B-fructofuranosidase on inulin, can be found naturally in plants
such as onioms.

Oligosaccharides. Oligosaccharides are compounds containing 2 to 10 monosac-
charides of the same or varying sugar units linked in a linear or branched chain.
The division between oligosaccharides and polysaccharides is somewhat arbitrary,
with the upper limit of size for oligosaccharides varying from 7 to 15 sugar resi-
dues. Examples of intrinsic oligosaccharides are stachyose, raffinose, and verba-
cose found in legumes and oligofructose in onions.

Pectins. Pectins, which are found in cell wall and intracellular tissues of many
fruits and berries, consist of galacturonic acid units with rhanmose interspersed
in a linear chain. Pectins frequently have side chains of neutral sugars, and the
galactose units may be esterified with a methyl group, a feature that allows for
the viscosity of an aqueous solution of pectin.

Phytate. Phytate (inositol hexaphosphate) is typically found in the outer layers of
cereal grains and can decrease the absorption of trace elements in the intestine.
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Polydextrose. Polydextrose is a glucose polymer produced under vacuum at a
high temperature in the presence of a food acid catalyst with sorbitol as a plasti-
cizer. It is commonly used 2s a bulking agent and sometimes as a sugar substitute.

Psyllium, Psyllium refers to the husk of psyllium seeds and is a very viscous
mucilage in aqueous solution. The psyllium seed, also known as plantago or flea
seed, is small, dark, reddish-brown, odorless, and nearly tasteless. P. ovata,
known as blond or Indian plantagoa seed, is the species from which husk is usu-
ally derived. P. ramosa is known as Spanish or French psyllium seed.

Resistant Maltodextrin. Resistant maltodextrins are largely an indigestible mix-
ture of oligo- and polysaccharides manufactured by pyrolysis and subsequent en-
zymatic treatment of cornstarch.

Resistant Starch. Resistant starch comprises starch and starch degradation
products not digested and absorbed in the small intestine of humans. Resistant
starch consists of starch not physically accessible to digestive enzymes, cooked
starch in granules not accessible to digestion unless the granules are gelatinized
by heating, and retrograded amylose that has been rendered resistant to enzy-
matic hydrolysis by processing or by cooking and cooling.

Saponin. Saponin is any plant glycoside that can be hydrolyzed to produce a
carbohydrate and a sapogenin, a steroid or a triterpene component. The carbo-
hydrate may be glucose, galactose, or a methylpentose.

Sorbitol. Sorbitol is a sugar alcohol formed by reduction of the carbonyl (alde-
hyde) group of glucose.

Tannins, Tannins (or tannic acid) occur naturally in many parts of plants in-
cluding the roots, wood, bark, leaves, and fruit. They are responsible for the
astringent taste, flavor, and color of many varieties of coffee and tea.

Viscous. A viscous compound is liquid-like but is thick and therefore has a re-
sistance to flow.

‘Wax. Waxes are pliable substances that are less greasy, harder, more brittle, and
contain compounds of higher molecular weight than fats. They can originate
from plant, animal, mineral, or synthetic sources.



Appendix C
Development and Evolution of
Methods Used to Extract and Measure
Dietary Fiber

Two general types of methods have been developed for isolating and ana-
lyzing dietary fiber: enzymatic-gravimetric and enzymatic-chemical. The food
components isolated vary depending on the method used. Both the enzymatic-
gravimetric and enzymatic-chemical methods have undergone a number of
modifications and improvements, most occurring over the last 20 years. The
enzymatic-gravimeiric approach attempts to reflect the material that enters the
large intestine by removing starch, protein, and fat and obtaining a residue that
is then dried and weighed. A correction is made for any remaining protein and
ash, and the result is expressed as a proportion of the starting material. The en-
zymatic-chemical approach chemically characterizes the carbohydrate content of
fiber after the removal of available carbohydrate (monosaccharides, disaccha-
rides, and starch) and fat. A number of different procedures have been devel-
oped to enable carbohydrates to be measured as their constituent monosaccha-
rides or as groups of monosaccharide types. The current available methods and
their various formats and major modifications are outlined in Tables 2 and 4.

ENZYMATIC-GRAVIMETRIC METHODS

The gravimetric approach began with the measurement of crude fiber, de-
veloped at the Weende Research Station in Germany in the latter half of the
nineteenth century (Henneberg and Stohmann, 1860). The method comprised of
treatment of plant material with acid and alkali, resulting in a residue. The
method became well established during the early part of the twentieth century,

49



50 DIETARY REFERENCE INTAKES

and a modification of the original method was later adopted by the Association
of Official Analytical Chemists International (AQAC) as a method for measur-
ing fiber in animal feeds (AQAC, 1995). The crude fiber method was used for
the determination of the fiber content for the U.S. Food Composition tables in
the 1970s (Watt, 1976). It continues to be used in some regions of the world as
well as the animal feed industry. However, its usefulness is severely limited by
the loss of all soluble polysaccharides, some insoluble polysaccharides, and
some lignin, and the inclusion of some nitrogenous material in the remaining
residue.

In the 1960s, Van Soest and colleagues introduced the use of detergents to
solubilize protein. The Acid Detergent Fiber (ADF) method, which was adopted
for animal feeds, utilizes strong acid to hydrolyze all polysaccharides except
cellulose and lignin, which are therefore the only components in ADF (Van
Soest, 1963). Other cell wall polysaccharides are not included in this method,
limiting its usefulness for human nutrition in the same way as crude fiber.

Recognizing the need to describe and include other cell wall constituents,
Van Soest and Wine (1967) developed the Neutral Detergent Fiber (NDF)
method, which measures all insoluble cell wall material. This proved to be a
better predictor of the nutritional value of dietary fiber in animal feeds than
crude fiber. In the 1970s, the use of the NDF method spread to human nutrition,
but its utility remained limited because it did not include soluble fiber compo-
nents nor did it remove all starch.

With growing interest in dietary fiber in human nutrition in the 1970s and
the development of a physiological role for this dietary component, there was a
need for an analytical method that measured insoluble cell wall and soluble fiber
components. German researchers introduced the use of enzymes during the
nineteenth century to remove available carbohydrate, and this approach was
used by Williams and Olmsted (1935) in the United States in an effort to meas-
ure the indigestible material in a more physiological way in their human studies.
Building on this work, a number of investigators, such as Asp and Johansson
(1981), Furda (1977), Hellendoorn and colleagues (1975), and Schweizer and
Wiirsch (1979), developed analytical approaches that reflected the “nondi-
gested” fraction of the diet, including soluble material as well as insoluble com-
ponents. Prosky and coworkers (1985) published a method that was based on the
work. of these various investigators, and it was subsequently adopted by AOAC
as AOAC method 985.29. The method provides a measure of total dietary fiber
by enzymatic removal of available starch and solubilization and extraction of a
portion of the protein; the remaining residue is dried, weighed, and corrected for
crude protein and ash contents. An initial step is added to remove fat if it is pre-
sent at concentrations of 10 percent or more. The method is relatively rapid and
easy to perform and has been automated to enable a large number of samples to
be assessed. It has been adopted as an official method for dietary fiber analysis
by many countries.



PROPOSED DEFINITION OF DIETARY FIBER 51

The method was extended to the determination of soluble and insoluble
dietary fiber as the need to measure these components was recognized (Prosky et
al., 1988, 1992, 1994). Other related methods were subsequently validated by
AOAC collaborative studies and approved as official by AOAC. Lee and co-
workers (1992) substituted MES-TRIS buffer in place of the original phosphate
buffer, and in doing so, generated the new AQAC method 991.43. Li and Car-
dozo (1994) introduced a simpler method (AOAC method 993.21) for foods that
contain little or no starch, such as fruits and some vegetables. Mongeau and
Brassard (1993) took a somewhat different approach, using a modified NDF
method to measure insoluble fiber and a new approach to analyze for the soluble
fiber fraction (AOAC method 992.16).

As shown in Table 4, there are two ways of deriving soluble fiber: (1) by di-
rect analysis (Mongeau and Brassard, 1993), and (2) by subtraction of insoluble
fiber from total fiber (Englyst and Hudson, 1987; Quigley and Englyst, 1992).

ENZYMATIC-CHEMICAL METHODS

It was recognized early on that significant proportions of the carbohydrate,
which are resistant to human digestive enzymes, are soluble in nature and lost
when fiber is recovered by filtration. McCance and Lawrence (1929) developed
a method for “unavailable carbohydrates” which involved reflux with strong
acid, followed by colorimetric determination of reducing sugars and pentoses.

During the 1950s, Southgate continued to develop this chemical approach to
fiber measurement, extending McCance and Lawrence’s work by introducing a
series of extraction steps followed by hydrolysis of polysaccharides and subse-
quent colorimetric analysis of component monosaccharides. He published his
procedure for unavailable carbohydrates in 1969 (Southgate, 1969). Southgate
recognized that a crucial step was the complete removal of starch since incom-
plete removal would result in overestimation of glucose-based dietary fiber. The
Southgate method was modified for human nutrition during the 1970s and be-
came incorporated in the United Kingdom nutrient tables in the Fourth Edition
of McCance and Widdowson’s The Composition of Foods (Paul and Southgate,
1978).

Although the method provided considerable information on monosaccharide
groups (hexoses, pentoses, and uronic acids), Southgate recognized that a colori-
metric assay did not distinguish individual monosaccharides, and recommended
that gas chromatography (GC) or high-performance liquid chromatography
(HPLC) be employed (Southgate, 1981). In addition, there remained difficulties
with the removal of starch, which gave inflated values for many individual food
items with high starch content such as starchy vegetables, legumes, and grains.
Englyst and coworkers (1982) published a procedure extending Southgate’s work
for the measurement of nonstarch polysaccharides using GC. The method in-
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volved more complete removal of available starch and allowed for determination
of the different monosaccharides present as constituents of dietary fiber in food
products, It also allowed for separation of cellulose from noncellulosic polysac-
charides, and soluble from insoluble polysaccharides. Hence, the method pro-
vided considerable detail on the polysaccharide components of human foods.

Several modifications have been made to the 1982 Englyst method. One of
these was the removal of resistant starch, which was identified in the early 1980s
(Englyst and Cummings, 1984). Resistant starch consists of (1) starch that is not
physically accessible to digestive enzymatic hydrolysis; (2) retrograded starch
that has been rendered resistant to hydrolysis by processing or by cooking and
cooling; and (3) uncooked starch in granules that is not accessible to enzymatic
hydrolysis unless it is gelatinized by heating (Englyst et al., 1992a). Englyst and
Cummings (1984) removed resistant starch from the nonstarch polysaccharide
component in a method using dimethyl sulfoxide. Since resistant starch is cre-
ated by cooking and processing, the method ensured that foods could be as-
sessed using nonstarch polysaccharide values of ingredients by the use of reci-
pes, and that each food product did not have to be individually measured to
obtain an accurate value.

In response to criticism that the method was too time consuming, Englyst
and Hudson (1987) developed an alternative colorimetric method for the meas-
urement of the component monosaccharides. Englyst made the procedure faster
in another modification, with a more rapid procedure for the removal of starch
(Englyst et al., 1992b). HPLC methods were developed for the measurement of
uronic acids (Englyst et al., 1994; Quigley and Englyst, 1994).

Prior to Englyst’s work, Theander and Aman (1979) developed a chemical
method that used GC to measure soluble and insoluble fiber components. This
method was later modified to improve starch hydrolysis (Theander and Wester-
lund, 1986) and to measure the fiber-derived monosaccharides by HPLC (Shin-
nick et al., 1988). The procedure does not remove resistant starch and measures
lignin separately as Klason lignin, material insoluble in 72 percent sulfuric acid
(Goering and Van Soest, 1970). Originally, the method did not rely on ethanol
precipitation of solubilized fiber components, but rather recovered them from
the soluble fraction by dialysis with a molecular weight cutoff of 12,000 to
14,000 daltons. Subsequently, the procedure was simplified and made more
rapid by precipitating solubilized fiber components with 80 percent ethanol
(Theander et al., 1994).

COMPONENTS INCLUDED IN EACH METHOD OF ANALYSIS

A list of potential components of fiber included or not included in each
analysis is provided in Table 2.
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Nonstarch Polysaccharides

All the current methods include all nonstarch polysaccharides that precipi-
tate in 78 to 80 percent ethanol. Polysaccharides that do not precipitate in etha-
nol are not included in any of the existing methods. Polysaccharides that are
excluded by ethanol precipitation include inulin, other fructans, modified cellu-
lose, and some arabinogalactans.

Lignin

All methods except those of Englyst (Englyst and Cummings, 1984; Englyst
and Hudson, 1987; Quigley and Englyst, 1992) for nonstarch polysaccharides
include lignin. In the enzymatic-gravimetric methods, this is included as part of
the residue after filtration. In the enzymatic-chemical methods of Theander and
coworkers (1994) and Southgate (1969), it is analyzed as a separate component,
using the Klason lignin method (Goering and Van Soest, 1970). This method
measures native lignin, but can also include tannins, cutins, and Maillard reac-
tion products (Theander et al., 1995).

Resistant Starch

Resistant starch is not included in the Englyst methods for nonstarch poly-
saccharides (Englyst and Cummings, 1984; Englyst and Hudson, 1987; Quigley
and Englyst, 1992), since it is removed using dimnethyl sulfoxide. In all the other
methods, a proportion of resistant starch is included in the analysis for dietary
fiber, largely as retrograded amylose. However, this proportion of resistant
starch is not constant for different foods made from the same ingredients, as
retrograded amylose is created by cooking and cooling food and through food
processing. Since resistant starch has many physiological properties similar to
those of dietary fiber, there is a need for a uniform method for its analysis.

There are currently a number of methods available for measurement of re-
sistant starch, although none have been submitted for evaluation by the approved
methods process of the AOAC. Several of these were developed during the
European Resistant Starch (EURESTA) program which involved 40 research
groups in 11 countries, all involved in resistant starch research from 1990 to
1995 (Asp et al,, 1996). Bjérck and colleagues (1986) reported the starch re-
maining in the dietary fiber residue from the Asp enzymatic-gravimetric proce-
dure, using potassium hydroxide (Asp et al., 1983). Englyst and colleagues
(1992a) calculated resistant starch as the difference between available starch and
total starch. Muir and O’Dea (1992) developed a method based on more
physiological influences, as did Akerberg and colleagues (1998).
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TABLE 4 Methods of Fiber Analysis
Reference (Method) Procedure Type Measures
Aspetal., 1983 Enzymatic-gravimetric Soluble dietary fiber
Insoluble dietary fiber
Total dietary fiber

Craig et al., 2000
(AOAC 2000.11)

Englyst and Cummings,

1984

Englyst and Hudson,
1987

Gordon and Ohkuma, in
press (AQAC
2001.03)

Hoebregs, 1997 (AOAC
997.08)

Lecetal,, 1992 (AOAC
991.43)

Li and Cardozo, 1994
(AOAC 993.21)

McCleary et al., 2000
(AOAC 999.03)

Mongeau and Brassard,
1993 (AOAC 992.16)

Prosky et al., 1985

Prosky et al., 1992
(AOAC 991.42)

Enzymatic-ion exchange
chromatographic

Enzymatic-gas chroma-
tographic

Enzymatic-colorimetric

Enzymatic-gravimetric
liquid chromatographic

Enzymatic-ion exchange
chromatographic

Enzymatic-gravimetric
using MES-TRIS buffer

Enzymatic-gravimetric
(For foods and food
products with < 2%
starch)

Enzymatic-spectrophoto-
metric

Enzymatic-gravimetric

Enzymatic-gravirnetric

Enzymatic-gravimetric

Polydextrose

Total nonstarch polysaccha-
rides
Individual constituent sugars

Soluble nonstarch polysac-
charides, by difference

Insoluble nonstarch polysac-
charides

Total nonstarch polysaccha-
rides

Total dietary fiber including
low molecular weight re-
sistant maltodextrins

Fructans

Soluble dietary fiber

Insoluble dietary fiber

Total dietary fiber

Total dietary fiber

Fructans

Soluble dietary fiber
Insoluble dietary fiber
Total dietary fiber

Total dietary fiber

Insoluble dietary fiber
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Total Dietary Fiber Determination Concerns

Calculated as the weight of fiber residue less the
weight of protein and ash or calculated as the
sum of soluble and insoluble fiber

Not applicable
Calculated as the sum of the monosaccharides Does not estimate lignin
Sum of hexoses, pentoses, and uronic acids Does not estimate lignin

Calculated as the sum of insoluble fiber, high mo-
lecular weight and low molecular weight soluble
fibers .

Not applicable

Measured by independent analysis or calculated as
the sum of soluble fiber and insoluble fiber

Calculated as the weight of fiber residue less the
weight of protein and ash

Not applicable

Calculated as the sum of the soluble and insoluble
fiber

Calculated as the weight of fiber residue less the
weight of protein and ash

Not applicable
continued
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TABLE 4 Continued
Reference (Method) Procedure Type Measures
Prosky et al., 1994 Enzymatic-gravimetric Soluble dietary fiber

(AOAC 993.19)

Quigley and Englyst,
1992

Schweizer and Wiirsch,
1979

Southgate, 1969

Theander and Aman,
1979

Theander and Wester-
lund, 1986

Uppsala Method of
Theander ¢t al., 1995
(AOAC 994.13)

Enzymatic-high perform-
ance liquid chroma-
tographic

Enzymatic-gravimetric

Enzymatic-colorimetric

Enzymatic-gas chroma-
tographic

Enzymatic-gas chroma-
tographic

Enzymatic-gas chroma-
tographic

Soluble nonstarch polysaccha-
rides, by difference

Insoluble nonstarch polysac-
charides

Total nonstarch polysaccha-
rides

Individual constituent sugars

Soluble dietary fiber
Insoluble dietary fiber
Total dietary fiber

Soluble dietary fiber
Insoluble dietary fiber
Total dietary fiber

Insoluble neutral polysaccha-
rides

Soluble neutral polysaccha-
rides

Insoluble uronic acids

Soluble uronic acids

Klason lignin

Total dietary fiber

Insoluble neutral polysaccha-
rides

Soluble neutral polysaccha-
rides

Insoluble uronic acids

Soluble uronic acids

Klason lignin

Total dietary fiber

Neutral polysaccharides
Uronic acids

Klason lignin

Total dietary fiber
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Total Dietary Fiber Determination

Concerns

Not applicable

Calculated as the sum of the monosaccharides

Calculated as the sum of soluble and insoluble fiber

Sum of hexoses, pentoses, uronic acids, and lignin

Calculated as the sum of neutral polysaccharides,
uronic acids, and Klason lignin

Calculated as the sum of neutral polysaccharides,
uronic acids, and Klason lignin

Calculated as the sum of neutral polysaccharide
residues, uronic acid residues, and Klason lignin

Does not estimate lignin

Incomplete removal of starch;
not specific with respect to
individual sugars (Theander
and Westerlund, 1986)
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Champ (1992) has published a method based on extensive use of amylase,
resulting in a direct method for resistant starch, rather than by difference of total
starch and residual starch. More recently, McCleary (2001b) modified and sim-
plified the method (AOAC method 996.11) of Gofii and colleagues (1996),
which closely reflects conditions in the small intestine. Comparisons between
methods tend to produce similar results, although not for all types of foods
(Champ et al., 2001; McCleary, 2001a). Digestion and absorption in the human
gastrointestinal tract is a dynamic process in which many enzymes, including
proteases and amylases, work in concert to disrupt the three dimensional and
then the intermolecular relationships in foods. Macromolecules are hydrolyzed
as they become exposed, and hydrolytic products are rapidly absorbed. The suc-
cessful analytical method for resistant starch will be one that mimics this process
in the human gastrointestinal tract, so that the analytically determined value re-
flects starch not assimilated in the human.

Oligosaccharides

Compounds of chain length less than 10 monosaccharide units are generally
soluble in 78 to 80 percent ethanol, do not precipitate, and are not included in any
of the analytical methods for dietary fiber. However, many of these behave
physiologically in a similar way to polysaccharides, and hence there has been a
need to analyze for them. Quigley and Englyst (1992) published an HPLC
method for oligosaccharides from a number of sources, and methods have also
been or are currently being developed for specific oligosaccharides, such as fruc-
tooligosaccharides (Hoebregs, 1997; McCleary and Blakeney, 1999; McCleary et
al., 2000), and galactooligosaccharides (de Slegte, in press). The method for ga-
lactooligosaccharides has received AOAC approval (AOAC method 2001.02).

Fructans, Inulin, and Oligofructose

Inulin, a polymer of fructose found in a small number of vegetables, fruit, and
grains, is soluble in 78 to 80 percent ethanol and is therefore not detected by any
of the currently AOAC approved dietary fiber methods. The hydrolysis product of
inulin is oligofructose, also called fructooligosaccharide, and is similarly soluble in
ethanol and not included as fiber by any method for fiber analysis. Because of
widespread interest in these compounds, a number of methods have been devel-
oped for their measurement in foods (Hoebregs, 1997; McCleary and Blakeney,
1999; McCleary et al,, 2000). These entail hydrolysis to fructose and glucose,
which are then measured by a variety of methods.
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Polydextrose

Polydextrose is a synthesized polysaccharide created by thermal polymeri-
zation of glucose. It is not precipitated with 78 to 80 percent ethanol and is
therefore not included in the analysis of dietary fiber by any of the existing
methods. There are specific methods for the analysis of polydextrose, which
have been developed and improved since the development of the polysaccha-
ride. Of these, the most comprehensive is that using HPLC, which has recently
gained AOAC approval (AOAC method 2000.11) (Craig et al., 2000).

Modified Cellulose

There are a mumber of modified cellulose compounds, such as methyl cel-
lulose, carboxymethyl cellulose, and derivatives of these, which are soluble and
do not precipitate in 78 to 80 percent ethanol, Several of these compounds are
used as laxative agents and in a variety of food products such as salad dressings,
icings and toppings, desserts, and baked goods (Sandford and Baird, 1983).
They have many of the same physiological properties as dietary fiber.

Resistant Maltodextrins

Resistant maltodextrins are produced through various acid/pressure proc-
esses, are not susceptible fo enzymatic hydrolysis, and have similar properties to
fiber, but they do not precipitate in 78 to 80 percent ethanol and are therefore not
included in any current analytical method for dietary fiber. Currently, there is an
enzymatic-gravimetric-liquid chromatographic method for the analysis of resis-
tant maltodextrins, and the method of Gordon and Ohkuma (in press) has gained
the approval of the AQAC for its analysis (AOAC method 2001.03).

Chitin and Chitosan

Chitin and chitosan are polysaccharide-containing materials with chemical
structures similar to cellulose and are derived mainly from the outer shell of crab
and other sea creatures. Because of the high polysaccharide content, these mate-
rials may have physiological properties similar to dietary fiber. Some of these
compounds are insoluble in 78 to 80 percent ethanol and therefore analyze as
dietary fiber by all current dietary fiber methods. However, the proportion of the
total that can be analyzed as dietary fiber depends on the manner and extent of
processing of the source material prior to analysis.
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Chondroitin

Chondroitin and chondroitin sulfate are polysaccharide-containing com-
pounds found in connective tissues of animals, particularly blood vessels, bone,
and cartilage. Some of these compounds precipitate in 78 to 80 percent ethanol
and therefore analyze as dietary fiber by current methods.

Noncarbohydrate Components

Because of the nonspecific nature of the gravimetric methods, these meth-
ods include components that are not carbohydrate. Hence, the methods of Lee
(Lee et al., 1992), Mongeau and Brassard (1993), Prosky (Prosky et al., 1985,
1988, 1992, 1994), and earlier versions of any of these include lignin, cutin,
tannins, and Maillard reaction products as well as other less well-characterized
compounds. The contribution of these components in most unrefined foods is
very small, but processing can increase their presence through complexing in
various ways. Maillard reaction products, for example, are generated through
heating, and therefore application of heat through processing or cooking will
increase their contribution to dietary fiber content. However, in most instances
the increase in dietary fiber content caused by heat-generated Maillard reaction
products is insignificant. The enzymatic-chemical methods of Englyst (Englyst
and Cummings, 1984; Englyst and Hudson, 1987; Quigley and Englyst, 1992),
Southgate (1969), and Theander (Theander and Aman, 1979; Theander and
Westerlund, 1986; Theander et al., 1995) do not include these noncarbohydrate
components in the analysis of polysaccharides because these procedures analyze
carbohydrate directly. However, Klason lignin included in the dietary fiber val-
ues obtained by the Theander methods (Theander and Aman, 1979; Theander
and Westerlund, 1986; Theander et al., 1995) include some tannins and Maillard
reaction products.

SUMMARY

In some countries, isolated/purified fibers are specified as dietary fiber if
they analyze as dietary fiber by the accepted fiber methods. Examples of sub-
stances that have been extracted from plant materials include cellulose, hemi-
cellulose, gums, and pectins. These have traditionally been considered dietary
fiber and are captured in the existing dietary fiber methods. Other unabsorbable
carbohydrates have been chemically synthesized or made resistant through
physical or chemical modifications and include resistant starch, resistant malto-
dextrin, polydextrose, and hydroxymethylcellulose. Some of these synthesized
compounds may also appear naturally in foods, such as resistant starch. Other
unavailable carbohydrates that may have physiological effects, such as inulin,
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are not measured by most accepted dietary fiber methods and have not been in-
cluded as dietary fiber. The technology is available to synthesize an infinite
number of these food components. Unavailable carbohydrates with fiber-like
properties may be manufactured de novo, modified, or isolated from existing
fiber sources for incorporation into foods or supplements. The challenge of de-
fining dietary fiber is that potential sources that may either meet chemical defi-
nitions or physiological endpoint requirements are expanding at a fast rate and
challenge the existing methods to determine fiber.






Appendix D
Determination Of Energy Values
For Fibers

A side issue related to how dietary fiber is defined is how its contribution to
food energy is determined. Exact values for digestible, metabolizable, and net
energy of fibers are difficult to determine. Differences in food composition,
patterns of food consumption, the administered dose of fiber, the metabolic
status of the individual (i.e., obese, lean, malnourished, etc.), and digestive ca-
pabilities of individuals influence the digestible energy consumed and the me-
tabolizable energy available from various dietary fibers. Similarly, individual
variation in physical and metabolic activities affects net energy. In addition,
interspecies differences from basic research studies, the variety of analytical
methods used, the numerous experimental variables tested, and the variation in
standard operating procedures used by investigators make data interpretation
difficult and hamper the determination of exact values for metabolizable energy
and net energy from dietary fiber. Finally, the amount of carbon from dietary
fiber that ends up as microbial matter and the nutrient trapping effect (i.e., more
protein and fat are excreted in feces as a result of dietary fiber ingestion) affect
the results obtained.

Despite these complexities, approximate values or ranges of values suffi-
ciently accurate for regulatory purposes have been derived from available data.
These values should be viewed with caution because many experimental animal
studies and human clinical trials from which energy values are taken have dif-
ferences in protocol design and conduct that make statistical analysis and com-
parisons difficult.
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Several methods exist to determine the energy concentration of dietary fi-
bers. These were reviewed by Fahey and Grieshop (2000) and include gross
energy determination, energy balance method, factorial calculation of the me-
tabolizable energy value, calculation of the net energy of maintenance, indirect
calorimetry, breath hydrogen determination, and radiolabel technique.

Because the process of fermentation is anaerobic, less energy is recovered
from dietary fiber than the 4 kcal/g obtained from aerobic glycolysis. Fermenta-
tion balance equations and molar ratios of short chain fatty acids in human stool
can be used to estimate that anaerobic metabolism yields 2 to 3 kcal/g of hexose
fermented (Hungate, 1966; Miller and Wolin, 1979), a calculation that assumed
that short chain fatty acids were actively absorbed from the large intestine and
that those generated by one strain of bacteria were not utilized by another mi-
crobial species. |

Available data suggest that neither of these assumptions apply. It appears
that the short-chain fatty acid, propionate, is utilized by some bacteria and is,
therefore, unavailable for absorption. Also, data suggest that in monogastric
species, short-chain fatty acids are passively absorbed from the large intestine,
meaning that only when the concentration is greater in the colonic lumen than in
the adjacent tissue does absorption occur (Fleming and Yeo, 1990).

Absorption of short-chain fatty acids is closely linked to the movement of
water and electrolytes from the lumen, and participation in the normal secretory
and absorption activities in the colon is one of the important physiological func-
tions of short-chain fatty acids (Argenzio et al., 1975). Short-chain fatty acids
are the main anions in human feces (Hoverstad et al., 1984). Although this has
not been well documented, humans, in contrast to most animals that consume
highly defined diets, consume excess electrolytes and protein, the latter requir-
ing ample buffering capacity. The role of short-chain fatty acids in electrolyte
and acid-base balance undoubtedly dominates over their absotption and subse-
quent use as an energy source. Therefore, it is not possible for anaerobic fer-
mentation to generate 4 kcal/g, and it is unlikely that the theoretical yield of 3
keal/g is absorbed from the large intestine. Indeed, data indicate that the average
energy yield from dietary fiber fermentation in monogastric species is in the
range of 1.5 to 2.5 keal/g (Livesey, 1990; Smith et al., 1998).



