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Abstract

Research into the analysis, physical properties and health effects of dietary fibre has continued steadily over the last 40-50 years. From the
knowledge gained, countries have developed guidelines for their populations on the optimal amount of fibre to be consumed each day. Food
composition tables from many countries now contain values for the dietary fibre content of foods, and, from these, combined with dietary
surveys, population intakes have been determined. The present review assessed the uniformity of the analytical methods used, health claims
permitted, recommendations and intakes, particularly from national surveys across Europe and around the world. It also assessed current
knowledge on health effects of dietary fibre and related the impact of different fibre types on health. The overall intent was to be able to
provide more detailed guidance on the types of fibre which should be consumed for good health, rather than simply a total intake figure, the
current situation. Analysis of data indicated a fair degree of uniformity in the definition of dietary fibre, the method used for analysis, the
recommended amount to be consumed and a growing literature on effects on digestive health and disease risk. However, national dietary
survey data showed that intakes do not reach recommendations and very few countries provide guidance on the types of fibre that are
preferable to achieve recommended intakes. Research gaps were identified and ideas suggested to provide information for more detailed
advice to the public about specific food sources that should be consumed to achieve health benefits.
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Introduction

There is now a long history of dietary fibre research around the
world, including numerous studies showing relationships
between fibre intake and health. Many countries carry out
national surveys and most of these report total dietary fibre
(TDF) intakes. From knowledge of the role of fibre in health
and of intakes, recommendations have appeared since the
1970s to increase the intake of dietary fibre in Western countries
to ultimately improve the health of their populations. Many of
these have included figures for the daily amount to be con-
sumed and many have also suggested various high-fibre foods

in their dietary guidelines. However, there have been few
attempts to consolidate these recommendations across Europe.
Moreover, there is little further guidance beyond a total quantity
of fibre to be consumed such as to specify the types of fibre or
the proportions of the different fibre-containing food sources to
achieve an optimum intake. This is partly because of debates
about how fibre should be subdivided into categories, since
these have largely been unsatisfactory. Dietary guidance in
recent years has also focused on topics other than fibre, such as
efforts to address obesity and CVD and/or to achieve recom-
mended intakes of nutrients like saturated fat, sugar and salt.
The stimulus for this paper was to determine the current
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situation about how different countries in Europe describe
dietary fibre, what they recommend in terms of dietary fibre
to the public, and how intakes may vary both in total
amount consumed and in the sources that provide fibre to the
population. From this the intent was to be able to generate more
detailed guidance for European countries about not only the
quantity of fibre which should be consumed, but more specifi-
cally how this might be achieved in terms of foods and fibre
sources that could contribute to intakes to achieve desirable
health outcomes.

The purpose of this paper is therefore to:

(1) Describe the current status of dietary fibre definitions and
potential subclassifications by which more detailed advice
could be given to the public;

(2) Describe current dietary recommendations and guidelines
in Europe which include fibre and to investigate how these
vary both in recommended intake and in sources from
which this should be obtained;

(3) Describe the permitted health claims in Europe and some
selected countries, and how these vary in terminology and
in the quantities of fibre required to satisfy the claim;

(4) Repoirt the fibre intakes in different countries in Europe, both in
terms of intakes of total fibre and of the sources that
provide fibre;

(5) Assess how well intakes match recommendations;

(6) Summarise the latest literature on the relationship between
fibre and the major diseases with which it has been
associated, particularly where subdivisions of fibre or
sources of fibre have been described as being protective.
The intent was to determine those conditions for which
there is sufficient evidence to able statements to be made to
the public with some confidence;

(7) Draw these various threads together to suggest a common
recommended intake for fibre in Europe and to attempt to
suggest how this fibre should be derived, such as in the
proportion of intakes which should come from various
food groups.

In outlining these various aspects of dietary fibre recom-
mendations, it is also intended to identify gaps in knowledge
about intakes and types of fibre and sources and in the potential
relationships between fibre intakes and disease outcomes. The
goal of this paper was not to provide an overview of every
aspect of dietary fibre in terms of its chemistry, physiology or
health effects but to consider where existing knowledge is
being applied at the population level — thus the accepted
methods for analysis, not all methods available, intakes in
national surveys of the population, not every study published,
permitted health claims, where enough evidence exists to
enable manufacturers to make a statement to the public, not on
health effects where there is insufficient evidence to be able to
draw conclusions and provide guidance to the public at large.
Indeed, it is essentially a review with a public health approach.
For aspects of research on dietary fibre not covered in this
review, such as bioavailability, interaction with minerals or
appropriateness of different fibre types for specific health
conditions, readers are encouraged to seek out the appropriate
literature.

org/10.1017/5095442241700004X Published online by Cambridge University Press

Definitions of dietary fibre, classification of fibre and fibre
sources, conditions for nutrition claims and analytical
methods (Tables 1-7, Figs 1 and 2)

Methods used to compile tables

For definitions, classification, structures, sources and analytical
methods for dietary fibre, a search was made mostly through
Google and PubMed. Search terms were: dietary fibre/fiber,
definition, classification, sources, structure, composition, ana-
lysis, analytical method. Specific key words were then used,
such as bulking effect, viscosity, fermentation or polysaccharide
and oligosaccharide names. DF content used to build Table 6
was extracted mainly from a food composition table™.

Results: definitions

Over the years, the definition of dietary fibre has been subject
to much discussion. The most recent definitions, from about 2008
(for example, Codex Alimentarius Alinorm)®, have general global
agreement. Dietary fibre is made up of carbohydrate polymers
with three or more monomeric units (MU), which are neither
digested nor absorbed in the human intestine and includes:
(1) NSP from fruits, vegetables, cereals and tubers whether intrinsic
or extracted, chemically, physically and/or enzymically modified or
synthetic (MU > 10); (2) resistant (non-digestible) oligosaccharides
(RO) (MU 3-9); and (3) resistant starch (RS) (MU >10). When
extracted, chemically, physically and/or enzymically modified or
synthetic, generally accepted scientific evidence of benefits for
health must be demonstrated to consider the polymer as dietary
fibre. Most definitions also include ‘associated substances’, which
are non-catbohydrate such as lignin and substances which are
present in cell walls linked to polysaccharides and quantified as
dietary fibre by the accepted analytical methods (Tables 1 and 2).
The main differences between definitions are related to:

(1) ‘Associated substances’ (lignin, mainly) which are or are
not explicitly included in dietary fibre definition.

(2) The minimum number of carbohydrate monosaccharide
units to be included; the European Union (EU) definition
prescribes a minimum MU number (sometimes called
‘degree of polymerisation’) of 3, while Codex Alimentarius
prescribes a minimum of 10 but leaves to the local authority
the decision on whether or not to include carbohydrates
with an MU number of 3 to 9. Since many countries outside
the EU have no local regulatory definition, the default is to
adopt the Codex definition of MU number > 10 (Table 2).
As a consequence, in these countries, RO are or are not
considered as dietary fibre, independently from the
demonstration of a beneficial effect.

(3) The requirement, mainly for extracted, isolated, modified
or synthetic carbohydrate polymers, that they have been
shown to have a benefit to health. Most authorities
throughout the world have a (non-exclusive) list for health
benefits related to dietary fibre. This list is included in the
definition as, for example from Agence Francaise de
Sécurité Sanitaire des Aliments (French Agency for Food
Safety) AFSSA (2002)® (now Agence Nationale Francaise
de Sécurité Sanitaire de I'Alimentation, de 'Environnement
et du Travail; ANSES) in France, American Association for
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Table 1. Principal definitions of dietary fibre

Organisation Definition

Components included in definition
MU to qualify as fibre Reference

Codex Alimentarius ‘Dietary fiber is defined as carbohydrate polymers? with ten or more monometic units®, which are not
hydrolyzed by the endogenous enzymes in the small intestine of humans and belong to the following
categories:

- Edible carbohydrate polymers naturally occurring in the food as consumed,

- Carbohydrate polymers, which have been obtained from food raw material by physical, enzymatic or
chemical means and which have been shown to have a physiological effect of benefit to health as
demonstrated by generally accepted scientific evidence to competent authorities,

- Synthetic carbohydrate polymers which have been shown to have a physiological effect of benefit to health
as demonstrated by generally accepted scientific evidence to competent authorities.

Footnotes (ALINORM 10/33/26, 10/33/REP)

a. ‘When derived from a plant origin, dietary fiber may include fractions of lignin and/or other compounds
associated with polysaccharides in the plant cell walls. These compounds also may be measured by
certain analytical method(s) for dietary fiber. However, such compounds are not included in the definition
of dietary fiber if extracted and re-introduced into a food.

b. Decision on whether to include carbohydrates of 3 to 9 monomeric units should be left up to national
authorities!

European Community ‘Fibre’ means carbohydrate polymers with three or more monomeric units, which are neither digested nor
absorbed in the human small intestine and belong to the following categories:

- Edible carbohydrate polymers naturally occurring in the food as consumed;

- Edible carbohydrate polymers which have been obtained from food raw material by physical, enzymatic or
chemical means and which have a beneficial physiological effect demonstrated by generally accepted scientific
evidence;

- Edible synthetic carbohydrate polymers which have a beneficial physiological effect demonstrated by generally
accepted scientific evidence.

It is said in Article (5) that ‘Fibre... has one or more beneficial physiological effects such as: decrease
intestinal transit time, increase stool bulk, is fermentable by colonic microfiora, reduce blood total
cholesterol levels, reduce post-prandial blood glucose, or reduce blood insulin levels’ and that ‘the
definition of fibre should include carbohydrate polymers with one or more beneficial physiological effects’.

European Food Dietary fibre is defined as ‘non-digestible carbohydrates plus lignin’. EFSA Panel considers that the main types
Safety Agency of DF are: non-starch polysaccharides (NSP) (cellulose, hemicelluloses, pectins, hydrocolloids (i.e. gums,
(EFSA) mucilages, B-glucans)), resistant oligosaccharides (fructo-oligosaccharides (FOS), galacto-

oligosaccharides (GOS), other resistant oligosaccharides), resistant starch (consisting of physically
enclosed starch, some types of raw starch granules, retrograded amylose, chemically and/or physically
modified starches), and lignin associated with the dietary fibre polysaccharides’

Agence Francgaise de According to the French authorities, dietary fibres are dietary constituents not digested by the enzymes of the

Sécurité Sanitaire gastrointestinal tract, mainly plant-derived constituents, for example, cellulose, hemicellulose, lignins, gums,
des Aliments alginates, carragenans, resistant starch. Minor dietary components such as oligosaccharides (fructo-
(AFSSA, France) oligosaccharides, a-galactosides, lactulose), constituents produced by micro-organisms (xanthanes),

constituents of crustaceans (for example, chitine, chitosane) are also included. This definition has been
used as a starting point by the Codex Alimentarius to elaborate its own definition.

The definition adopted by the Specialist Expert Committee on Human Nutrition of AFSSA in 2002 was the
following:

‘Dietary fibres are:

- Carbohydrate polymers (DP > 3) from plant origin, associated or not in the plant to lignin or non-carbohydrate
polymers (polyphenols, wax, saponins, cutin, phytates, phytosterols).
R

- Transformed (physically, enzymatically or chemically) or synthetic carbohydrate polymers (DP > 3) mentioned in
a positive list which will be implemented by AFSSA with new polymers when approved by the Committee.
MOREQVER, dietary fibres are not digested, nor absorbed in the small intestine. They present one or more of the

following properties:
- Increase of stool production,
- Stimulation of colonic fermentation,
- Decrease of fasting cholesterolemia,
- Decrease of post-prandial glycaemia and insulinaemia’

DF =NSP + RS + RO (when MU number ALINORM 09/32/REP®
3-10 included in the definition) + lignin  ALINORM 10/33/26, 10/
and other compounds (when 33/REP®
associated with polysaccharides in
the plant cell wall)

MU > 10 (general definition)

MU >3 (upon local approval)

DF=NSP +RS +RO Directive 2008/100/EC®®

MU >3

DF =NSP + RS + RO +lignin (when EFSA, 2010®®
associated to DF polysaccharides)

MU >3

DF =NSP + RS + RO* + lignin and other Martin, 2001©%
minor components (when associated AFSSA, 2002
to DF polysaccharides).

MU >3

* RO included in DF definition have to
been derived (hydrolysis or synthesis)
from plant polysaccharides or sugars

odoing ur a1qy Areyoiqg
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Table 1 Continued

Components included in definition

Organisation Definition MU to qualify as fibre Reference
American Association ‘Dietary fiber is the edible parts of plants or analogous carbohydrates that are resistant to digestion and DF =NSP + RS + RO +lignin and other ~ AACC, 2001
of Cereal Chemists absorption in the human small intestine with complete or partial fermentation in the large intestine. Dietary minor components (when associated
(AACC) fiber includes polysaccharides, oligosaccharides, lignin, and associated plant substances. Dietary fiber to DF polysaccharides of plants).

promotes beneficial physiological effects including laxation, and/or blood cholesterol attenuation, and/ MU >3
or blood glucose attenuation.’

Institute of Medicine  ‘Dietary fiber consists of non-digestible carbohydrates and lignin that are intrinsic and intact in plants. DF =NDC (intrinsic and intact from loM, 2005"
(USA) Added fiber consists of isolated, non-digestible carbohydrates that have beneficial physiological effects in plants) + lignin (when associated to
humans. Total fiber is the sum of dietary fiber and added fiber. DF polysaccharides of plants) = NSP
It is indicated in the document that the beneficial physiological effects expected from the added fiber are (intrinsic and intact from plants) + RS
‘attenuation of postprandial blood glucose concentrations, attenuation of blood cholesterol (intrinsic and intact from plants) + RO
concentrations and/or improved laxation’. (intrinsic and intact from

plants) + lignin (when associated to
DF polysaccharides of plants).
Added fibre =isolated NDC
Total fibre = DF + added fibre

MU >3
Englyst et al. (UK) ‘The Englyst procedure measures dietary fiber as NSP (non-starch polysaccharides), i.e., non-a-glucan DF =NSP =polysaccharides — starch Englyst et al. 1987,
polysaccharides in plant foods (including RS) 19922429
Health Canada ‘Dietary fiber consists of: DF=NSP +RS + RO Health Canada, 2012©

1) Carbohydrates with a DP of 3 or more that naturally occur in foods of plant origin and that are not digested MU >3
and absorbed by the small intestine; and

2) Accepted novel fibres.

Novel fibres are ingredients manufactured to be sources of DF and consist of carbohydrates with a DP of 3 or
more that are not digested and absorbed by the small intestine. They are synthetically produced or are
obtained from natural sources which have no history of safe use as DF or which have been processed so as
to modify the properties of the fibre contained therein. Accepted novel fibres have at least one physiological
effect* demonstrated by generally accepted scientific evidence.

* Later on in the document, it is indicated that the effects attributable to dietary fibre (not exclusive as other effects
may be recognised by Health Canada as science evolves) are the following:

Dietary fibre

« Improves laxation or regularity by increasing stool bulk;

« Reduces blood total and/or low-density lipoprotein cholesterol levels;

» Reduces post-prandial blood glucose and/or insulin levels;

« Provides energy-yielding metabolites through colonic fermentation

Food Standards Dietary fibre means that fraction of the edible part of plants or their extracts, or synthetic analogues that - DF=NSP+RS + RO (DP>2) and lignin FSANZ, 2013®
Australia and New  a) are resistant to the digestion and absorption in the small intestine, usually with complete or partial MU >3
Zealand (FSANZ) fermentation in the large intestine; and
b) promote one or more of the following beneficial physiological effects —
(i) laxation;

(ii) reduction in blood cholesterol;
(iii) modulation of blood glucose;
and includes polysaccharides, oligosaccharides (degree of polymerisation >2) and lignins

Food and Drug FDA new proposal: new definition of dietary fibre (see section I1.D.5.a.i.) that ‘only allows for the declaration of DF =NSP +RS + RO FDA, 2014©"
Administration dietary fibers that are added to foods that FDA has determined to have a physiological effect that is MU >3
(FDA), New beneficial to human health, as “dietary fiber” on the Nutrition Facts label’. Dietary fibers would be:
proposal (March 1. Soluble and insoluble non-digestible carbohydrates (NDC) (with 3 or more monomeric units) and lignin that
2014) are intrinsic and intact in plants, and

2. Isolated and synthetic NDC (>3 monomeric units). that FDA has granted be included in the definition of
dietary fiber, in response to a petition submitted to FDA demonstrating that such carbohydrates have a
physiological effect beneficial to human health. According to FDA, there are currently only two isolated
non-digestible carbohydrates, B-glucan and barley p-fiber, that would meet the proposed definition of DF.

3. Carbohydrates (with three or more monomeric units) that are the subject of an authorised health claim.

NB: FDA would list the isolated and synthetic NDC that have been determined by FDA to have a physiological
effect that is beneficial to human health

MU, monomeric units; DF, dietary fibre; RS, resistant starch; RO, resistant oligosaccharides; DP, degree of polymerisation; NDC, non-digestible carbohydrates.
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Table 2. International acceptance of CODEX definition (or very similar regulations) and inclusion of non-digestible oligosaccharides*

Accepting all MU number >3
and CODEX definition

Rejecting MU number <10
(accepting CODEX definition)

Undecided with proposals

Undefined status

EU Chile for health claims Canada: proposing to go to >3 and African countries other than South Africa
Australia and New Zealand South Africa CODEX definition Brazil

Chile for labelling USA: still focused on the IOM report and  India

China what action to take. IOM DP >3 Middle East

Japan Russia

Korea Switzerland

Other South American countries

MU, monomeric units; EU, European Union; IOM, Institute of Medicine; DP, degree of polymerisation.

* With MU number 3—10 as dietary fibre.

Clinical Chemistry (AACC) in the USA (2001)(4) or Food
Standards Australia New Zealand (FSANZ) (2013, in
Australia® and New Zealand) or mentioned somewhere
else in the text of the definition document (Codex
Alimentarius (2009)®, Health Canada (2012)(6), Institute
of Medicine (IoM) (2005)"” in the USA). The health benefits
associated with the definition are related to:

(3a) Colonic function: ‘increase of stool production’ or
‘stimulation of colonic fermentation’” for AFSSA,
‘beneficial effect on/improved laxation’ for AACC,
FSANZ and IoM, ‘improves laxation or regularity by
increasing stool bulk’ and ‘provides energy-yielding
metabolites through colonic fermentation’ for Health
Canada (2012)(6), ‘decrease intestinal transit time,
increase stool bulk’ for the European Commission
(EC)(S);

Blood cholesterol: ‘decrease of fasting cholester-
olaemia’, ‘blood cholesterol attenuation’ or ‘reduction
in blood cholesterol’, for AFSSA, EC, AACC and IoM
and FSANZ, ‘reduces blood total and/or low-density
lipoprotein (LDL) cholesterol levels’ for Health
Canada (2012);

Blood glucose: ‘reduces/decreases/attenuation of
post-prandial blood glucose/glycaemia and/or insulin
levels/insulinaemia’, ‘blood glucose attenuation’ and
‘modulation of blood glucose’ (for Health Canada,
AFSSA, EC and ToM, AACC and FSANZ).

(3b)

3o

Classification of fibre, fibre sources and conditions for
nutrition claims

Table 3 presents the classification of dietary fibre according to
chemical structure, the main sources of the various fibre types, as
well as physicochemical properties, such as water solubility and
viscosity and physiological properties, such as fermentability.
Dietary fibre is often subdivided into oligosaccharides (MU
number 3-9) (RO) and polysaccharides, including NSP and RS,
with a minimum MU number of 10
in Fig. 1. Dietary fibre also comprises ‘associated substances’.
While several of the analytical methods quantify soluble and
insoluble dietary fibre separately (for example, McCleary
et al '), there are very few publications which provide a
classification of the main dietary fibre sources using this sub-

, provided in an overview

division. RS and ‘associated substances’ are mostly insoluble in

org/10.1017/5095442241700004X Published online by Cambridge University Press

water, RO are mostly soluble whereas the solubility of NSP
depends on the MU number, the MU composition and the lin-
kages which are involved in the polymer. When soluble, some
NSP, such as high-molecular-weight guar gum or p-glucans,
certain pectins or psyllium, are also viscous or gel-forming in
the intestinal tract, and this property may influence glucose and
lipid metabolism. The scientific opinions of the European Food
Safety Authority (EFSA) in 2010 on dietary reference values for
carbohydrates and dietary fibre''” and on the substantiation of
health claims related to dietary fibre’? mentioned that ‘the
terms “soluble” and “insoluble” have been used in the literature
to classify dietary fibre in an attempt to link different physical-
chemical properties of fibre components to different physiolo-
gical effects. However, the classification by water solubility is
method-dependent, and does not always predict physiological
effects, although in most cases soluble fibre types are fermented
more quickly than insoluble types™®. Aqueous solubility is not
directly related either to fermentability or to the profile of
SCFA produced through fermentation, another characteristic of
interest regarding effects of dietary fibre on colon cancer pre-
vention. The bulking effect of dietary fibre is an important
property when considering impact on constipation and more
generally on faecal bulk. In order to have a bulking effect of any
consequence, fibre must be mainly insoluble, reach the distal
colon (i.e. be at least partially resistant to fermentation and/or
slowly fermented in the colon) and have a significant water-
holding capacity. Faecal-bulking capacity of various dietary
fibre sources has been measured and/or discussed by several
authors"® and it was concluded that there are few dietary
fibre types which meet all these criteria. Monro™® has devel-
oped a table of faecal bulking index of sixty-six foods along
with their TDF content, but these were based on measurements
in rats so may not be directly applicable to humans.

It might be useful to propose a classification of dietary fibre
materials according to their main characteristics: (1) viscosity in
solution and/or in the digestive tract; (2) fermentability in the
colon (possibly including the fermentation pattern: rate of
fermentation and SCFA profile); and (3) bulking effect in the
colon. However, data on all these characteristics are not yet
available for many dietary fibre types and sources (Table 3),
and often the fibres themselves may be poorly specified (for
example, with regard to molecular weight or subunit ratios)
which has also been a key issue limiting health claims for
fibres in Europe. Moreover, a classification according to these
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Table 3. Classification of dietary fibre according to main chemical components, main food sources, and main properties® S
Class of poly/
Subgroup oligosaccharides Molecules Main sources Water solubility Viscosity Fermentability
NSP (MU >10)t Cellulose B(1-4)linked glucose units Outer layers of cereals, pulses - - +
Hemicelluloses AX ((1 — 4) — B-p-xylan backbone with single Starchy endosperm and aleurone ++ or — ++ or — ++
(heteroxylans) a-L-arabinofuranose units as side branches) (A:X ratio > 0-4) layer of cereal grains (i.e. Varies with sources;  Varies with source; Water-soluble AX
wheat, rye, barley) 25-30% of AX are 25-30% of AX are rapidly
water soluble and are water fermented
highly viscous soluble and
highly viscous
Gilucuronoxylans and glucurono-arabinoxylans ((1 — 4)- Fruits and vegetable cell walls, - - +
B-p-xylan backbone with glucuronic acid units and/or outer tissues of cereal grains ~ Become partially
a-L-arabinofuranose units as substituents(A:X < 0-2)) soluble after
extraction
Heteroxylans (1 — 4)-p-p-xylan backbone highly substituted by single Outer layers of cereal grains - - —+when extracted
arabinose units, single glucuronic acid unit, and more complex (wheat, barley, maize, rye, rice, Become fully soluble
short side chain containing arabinose, xylose and galactose sorghum) after alkaline
Starchy endosperm of some extraction
cereal grains (maize, sorghum)
Heteroxylans with 1:4 and 1:3 linkages as the backbone. Short Psyllium (Plantago ovata, indica, ++ +++ +
side chains contain arabinose, galactose and rhamnose are psyllium, asiatica or major)
also present seed husk
(1 — 3,1 > 4)-B-p-glucans (mixed-linked B-glucans); the (1,3) Cereal grains (very abundantin  + ++ ++
linkages lead to a structure of predominantly B-(1,3) linked oat and barley endosperm) Solubility depends on
cellotriosyl (DP3) and cellotetraosyl units (DP4) backbone DP3-DP4 block
side-branched by a-b-xylopyranosy! units, 3-b- distribution and on
galactopyranosyl and a-L-fucopyranosy! units extraction >
temperature =z
Xyloglucan ((1 — 4)-B-p-glucan backbone side-branched by Grain legumes, seeds from ++ ++ + or ++ .
a-D-xylopyranosy! units or a-p-xylopyranosyl and nasturtium and tamarind tree, In presence of 40— =
-p-galactopyranosyl or a-p-xylopyranosyl, 3-b-galactopyranosyl fruits and vegetables cell walls 65 % sugar or by gel
a-D-xylopyranosyl and a-L-fucopyranosy! units or adding alcohol 7
a-L-arabinofurasonyl units. Galactose units can be acetylated s
Mannans and Mannans (linear) (B-1,4-linked B-p-mannopyranosyl residues Ivory nut, date, green coffee bean - - ++ S
heteromannans (+ <5% galactose) seeds, endosperm of Palmze, &
aloe vera )
Galactomannans: mannans substituted with side chains of Grain legumes (endosperm), +++ +++ ++
a-1,6-linked galactose residues (i.e. guar gum) species of Annonaceze, Influenced by chain  Influenced by
Convolvulaceese, Ebenaceee, length/mannose: chain length/
Loganiacee, Palmae galactose ratio mannose:
Guar gum galactose ratio
Glucomannans: $-(1 — 4)-linked linear mannan chain with Lilies, irises plant and fungal cell +++ +++ + Or ++
interspersed glucose residues in the main chain and are often walls, associated to cellulose Konjac mannan Konjac mannan
acetylated Konjac mannan (from
Amorphophallus konyac)
Galactoglucomannans: glucomannans with p-galactose Norway spruce wood pulp ? ? ?
residues attached to both p-glucosyl and p-mannosyl units as
a-1,6-linked terminal branches
Pectin Polygalacturonic substituted with arabinans, galactan or Fruit (apple, citrus etc) peel ++ ++ ++
arabinogalactan: backbone chain of a-(1 — 4)-linked (highest concentration in With sugars and
p-galacturonic acid units interrupted by the insertion of middle lamella) acid
(1 — 2)-linked L-rhamnopyranosyl residues in adjacent or Beetroot, rice endosperm, grain
alternate positions. Side chains are arabinans (core of a-1,5 legumes, rapeseed cotyledon
arabinosyl residues containing a-1,3- and Traces in maize bran and wheat
a-1,2-linked arabinosyl side chains), galactans (linear -1,4-
linked p-galactose polymers with occasional single L-
arabinose branches) and arabinogalactans (B-1,4-linked
p-galactose polymers carrying arabinose residues at the 3
and 6 positions that are further substituted)
Other hydrocolloids Arabinogalactan and arabinogalactan protein B(1 — 3) and Fruit and vegetables, cereal +++ + (due to branched +
(including gums and (—6) galactan backbone mainly substituted by single grains, plant exudates compact
mucilages) arabinose units and sometimes by glucuronic acid units structure)

(arabic gum). The highly branched polysaccharide structure is
generally covalently associated with a peptidic moiety (10 %

(w/w) of the polymer)
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Table 3 Continued

Class of poly/

Subgroup oligosaccharides Molecules Main sources Water solubility Viscosity Fermentability
Xanthan gum (E415): pentasaccharide repeat units comprising Secreted by the bacterium - +++ + or ++
glucose, mannose and glucuronic acid in the molar ratio Xanthomonas campestris from
2.0:2-.0:1-0 sugar substrates
Alginates (E400-405): linear copolymer with homopolymeric Brown algae (Macrocystis ++ +++ +++
blocks of (1-4)-linked B-p-mannuronate and its C-5 epimer a-L.-  pyrifera, Ascophyllum nodosum
guluronate residues, respectively, covalently linked together in and various types of Laminaria
different sequences of blocks. The monomers can appear in  Alginate also produced by two
homopolymeric blocks of consecutive G-residues (G-blocks), bacterial genera Pseudomonas
consecutive M-residues (M-blocks) or alternating M and and Azobacter
G-residues (MG blocks). Available as sodium alginate,
potassium alginate and calcium alginate
Agar-agar (E406): unbranched polymer of galactose units Agarose is the supporting ++ +++ +++
derived from the polysaccharide agarose structure in the cell walls of red
algae (Phylum rhodiphyta)
Carrageenan (E407): high-molecular-weight polysaccharides Red algae (Chondrus crispus, ++ +++ +++
made up of repeating galactose units and 3,6 Kappaphycus alvarezzi, K- and I- carrageenan K- and I-
anhydrogalactose, both sulfated and non sulfated. The units Eucheuma denticulatum, carrageenan
are joined by alternating a-1,3 and B-1,4 glycosidic linkages. Gigartina)
There are three main commercial classes of carrageenan
(kappa, iota and lambda carrageenan)
Inulin and fructans B-1-2 fructans residues backbone with or without an a-b-glucosyl Chicory root, Jerusalem artichoke, ++ - ++
unit at the reducing end. onion, cereal grains (2-3 % w/w)
Wide range of DP from 3 to >30
Resistant a-Galactosides Raffinose, stachyose, verbascose Pulses (bean, chickpea, lentil, etc.) +++ - +++
oligosaccharides B-Fructo-oligosaccharides Polymers derived from +++ - +++
(MU <10)t (FOS), a-galacto- polysaccharides by hydrolysis
oligosaccharides (GOS), (i.e. FOS from inulin, GOS from
B-galacto- lactose) or synthetic polymers
oligosaccharides (TOS), (i.e. FOS from sucrose)
xylo-oligosaccharides
(XOS), arabino-xylo-
oligosaccharides (AXOS)
Resistant dextrins Poly-p-glucose with a-1,4, o-1,6, -1,6, a-1,2 and/or -1,2, a-1,3 Baked goods, beverages, liquid +++ - +++
and/or B-1,3 and B-1,4, (1,4) linkages being predominant non-dairy cereals and granola
bars, dairy products
Polydextrose Poly-p-glucose, a and B-linked 1-2,1-3,1—-4,1-6, a-1,6 Beverages, cakes, candies, +++ -
being predominant dessert mixes, breakfast
cereals, frozen desserts
Resistant starch RS type 1 — physically Whole or partially milled grains - - ++
(MU >10) inaccessible starch and legumes
RS type 2 — granular Green bananas, high-amylose - - ++
starches starches (HACS)
RS type 3 — gelatinised and Cooled starches in cooked starchy — - ++
retrograded starches foods, enzyme-debranched
starches
RS type 4 — chemically Mostly cross-linked starches (high degree of reticulation) Added to bakery product category. — - +
modified
Associated Lignin Complex polymer of aromatic alcohols Secondary cell walls of plants, red — - -
substances (non algae
carbohydrates)  Waxes Organic compounds that characteristically consist of long alkyl ~Secreted by insects (i.e. bees) or  — ++ -
chains plants (i.e. Brazilian palm
Copernicia prunifera, sugarcane)
Chitins Long-chain polymer of a N-acetylglucosamine ((CgH1305N),) Cell walls of fungi, exoskeletons of — - -

crustaceans (for example,
crabs, lobsters and shrimps)
and insects

MU, monomeric units; AX, arabinoxylans; DP, degree of polymerisation; RS, resistant starch.
* Adapted from Kumar et al. (2012)®?; + Asp (2001)®: data not found in the literature.
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Fig. 1. Some examples of potential fibre sources.

physicochemical properties will be difficult to consider in
dietary fibre analysis.
However, a few broad statements can be made:

(1) RO are largely soluble (but not viscous) and highly
fermentable in the colon;

(2) Amongst NSP, cellulose and arabinoxylans from hulls and
brans are largely insoluble and poorly fermentable;

(3) Amongst NSP, minimally hydrolysed hydrocolloids (i.e.
pectins and gums) are viscous or gel-forming;

(4) Psyllium/ispaghula, carboxymethylcellulose and coarse
bran have a high bulking effect'®.

Table 4 gives information on the main dietary fibre compo-
nents found in different food categories. The fibre content of the
food as eaten depends on the fibre DM and on the con-
centration in hulls or bran which are highly concentrated in
dietary fibre.

Some types of dietary fibre are not present in all food cate-
gories. Such is the case of RS which is clearly only present in
starchy foods (cereals, tubers, non-mature fruits (mostly in
green banana)), p-glucans which are mostly present in some
cereals and legumes, and pectic substances which are present
mainly in fruits and some vegetables.

Extracted, isolated, modified or synthetic fibre sources with
specific properties are also available for enrichment of foods or
for providing techno-functional properties to food. These are
considered ‘additives’ and are mostly hydrocolloids such as
pectin and gums. All the commercially available non-digestible
carbohydrates of MU >3 do not appear in the positive lists of
‘dietary fibre’ set up by national or international authorities
(Table 5). These lists are as yet incomplete and can be updated
when adequate scientific information on beneficial health
effects is available. It is interesting to note that in the scientific
opinion on the substantiation of health claims relating to
19 and ‘changes in bowel function’, xanthan
gum is not presented as dietary fibre. This is probably because
of the definition of dietary fibre adopted by EFSA, which states
that carbohydrate polymers obtained by physical, enzymic or

xanthan gum
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NSP

RO

B-Glucans RS

Hemicelluloses

Pectic polysaccharides

Cellulose

Insoluble fibre
(% TDF)

Soluble fibre
(% TDF)

TDF (g/100g)

Food categories

++
++

63
61

37
39

<0-5-6; median: 2.2
0-3-1-8; median: 0-9

Raw, steamed and baked vegetables

Soups

Vegetables (excluding potatoes)
Fruit

+ (Banana)/
— (most fruits)

++

+ (Mostly in skin)

43 57

0-4—10-4; median: 2-3

Fresh fruit

+

++
++
+++

+

0-4-2.0; median: 1-3

Processed fruit
Dried fruit

+

47

53

0-1-11-4; median: 5-8

10
68
75
5.

90 (Orange juice)

32

Traces—0-65; median: 0-4

Fruit juices and nectar

Nuts and seeds

Legumes

++

1.3-14-4; median: 4-2
4.2-10-6; median: 4.5
0-5-8; median: 225

++

++
+

+ +

(Potato without skin)

25
48

Potatoes and other starchy tubers

Cereal products

Leavened breads

++

50

50

3.0-34

White flour

++

20
27

56-7-2

Whole flour
Breakfast cereals and cereal bars

++

+

73

1.2-15; median: 3-4

(excluding oat porridge, cereals)

Oat porridge

++
++

++
++

+ +

48
56

52
44

1.7
3.9-5.9

Rye-based products

Rice

~100
87

~0
13

2.1-4; median 3-4

0-82—-<1-1

White
Whole

TDF, total dietary fibre; RS: resistant starch; RO: resistant oligosaccharides.

* Li et al. 2002°; Mayer, 1998°; Nyman et al. 1984°%; Kumar et al. 2012°?; Ranhotra et al. 1991,
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Table 5. Extracted and synthetic fibre sources recognised as ‘dietary fibre’ in Europe

Authority (country) Fibre

Reference

ANSES (France)

Psyllium husk
Resistant starch RS3
Guar gum
Soluble oat fibre
Polydextrose

EFSA (Europe)

Fructo-oligosaccharides (synthetic polymer from sucrose)
and oligofructose (derived from inulin)

Hydrocolloids (i.e. gums, mucilages, B-glucans)

AFSSA (2002)®

AFSSA
AFSSA

2008)°®)

2003, 2005)©7:%®)

AFSSA (2002, 2009)(°°100)

AFSSA (2007)(1°

AFSSA (2002, 2003)(192193)  ANSES (2011)(1%4
EFSA (2010)('%)

o~~~

Fructo-oligosaccharides, oligofructose and inulin

Galacto-oligosaccharides
Other resistant oligosaccharides
Resistant starch (RS1, 2, 3 and 4)

Arabinoxylan produced from wheat endosperm

EFSA (2011)(109)

ANSES, Agence Nationale Frangaise de Sécurité Sanitaire de I'Alimentation, de I'Environnement et du Travail; AFSSA, Agence Frangaise de Sécurité Sanitaire des Aliments

(French Agency for Food Safety).

chemical means must demonstrate a beneficial physiological
effect. Tables 3-6 include information on non-digestible
carbohydrates such as xanthan gum, even if no beneficial
effect has so far been demonstrated. Science is evolving and
evidence of health benefits may appear in the future to allow
classification of such compounds as ‘dietary fibre’.

Table 6 lists the main extracted and synthetic fibre materials
or high-fibre fractions which are available for the enrichment
of foods. It shows that fibre has been incorporated into a wide
variety of foods, including dairy, meat or bakery products. The
amount of fibre in the food as eaten can vary from less than 0-2 g
to 20 g/serving. These quantities are of interest as they determine
whether or not a health claim can be made for the food in
terms of its dietary fibre content. The EU Regulation (EC)
No 1924/ 2006 on nutrition and health claims for foods (slightly
modified by a corrigendum in 2007*?’) specifies the requirement
for the use of the terms ‘source of fibre’ or ‘high in fibre”:

(1) ‘Source of fibre’: a claim that a food is a source of fibre, and
any claim likely to have the same meaning for the
consumer, may only be made where the product contains
at least 3g of fibre per 100g or at least 1-5g of fibre per
100 kcal (418Kk]).

(2) ‘High fibre’: a claim that a food is high in fibre, and any
claim likely to have the same meaning for the consumer,
may only be made where the product contains at least 6 g
of fibre per 100g or at least 3g of fibre per 100kcal
(418KkD.

Analytical methods

Since dietary fibre can be declared on labels, it must be
appropriately quantified. Analytical methods for dietary fibre
used in Europe and elsewhere for the purpose of food labelling
have changed over the years as the definition has evolved.
The TDF method of Prosky was developed and around the
year 2000, the Association of Official Analytical Chemists
International (AOAC) method 985.29 became the official
method for dietary fibre in numerous countries®". This method
requires enzymic digestion of protein and non-resistant starch,
followed by precipitation of soluble fibre with 95% alcohol,
followed by weighing. The method has been improved over

org/10.1017/5095442241700004X Published online by Cambridge University Press

time and now provides quasi-exhaustive quantification of all
dietary fibre, even if further modifications are still ongoing.
Moreover, specific methods have been developed to quantify
specific fibre types, for example oligosaccharides, RS or f-glu-
cans (Table 7 and Fig. 2). The most commonly used methods
are AOAC 985.29, 991.43, 2001.03 and 2009.0147,

Before 1995, the UK used the Southgate'®® and Englyst'?*2>
methods and Sweden the Uppsala method®*?” to quantify
dietary fibre in plant materials. NSP analysis proposed by
Englyst et al.*> was accepted by the Ministry of Agriculture,
Fisheries and Food (the forerunner of the present Food
Standards Agency) at the time and was used for nutrition and
labelling purposes in the UK until 1999. This method is also still
used in McCance and Widdowson’s Table of Food Composition
and hence is used in all food intake assessments in the UK. For
the first time, the new version of McCance and Widdowson’s
The Composition of Foods, released in August 2014, has values
for both NSP and dietary fibre using the method of the AOAC,
and in future intakes may be described for both methods.
Recently the UK Scientific Advisory Committee on Nutrition
(SACN) has recommended the UK adopt the AOAC method
2009.01, which would bring it in line with most other

nations?®.

Dietary fibre recommendations and permitted health
claims (Tables 8, 9 and 10)

Methods used to compile tables

To collect information about recommendations for total fibre
intake in Europe, and recommendations for specific fibre
intakes throughout the world, a search was performed using
Google and Google Scholar. Search terms were: fibre, fiber,
carbohydrate, nutrient, nutrition, recommendation, and dietary
reference value. Additional information was collected through
personal contacts to various authorities.

An exhaustive list of health claims related to dietary fibre
permitted in the EU, in the USA and in Australia/New Zealand
was constructed based on data found on the EC website®” and
on the Food and Drug Administration website®”
Standards Australia New Zealand®V.

and in Food
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Table 6. Principal isolated and synthetic fibre sources or high-fibre fractions available for enrichment of foods

Fibre type

Most common use

Usual concentration in foods (g per
serving, or per 1009 food, or others)

Acacia gum (gum arabic) E414

Alginates (E401-E409)
Alginic acid (E400)

Alginate of sodium, potassium, ammonium, calcium
propane-1,2-diol (E400, 401, 402, 403, 404 and 405)

Apple fibre
Arabinoxylans (from wheat, rye or rice)

Arabinoxylan-oligosaccharides

Bamboo fibre

B-Glucan (from barley, oats, yeast)

Carboxymethyl cellulose

Carob fibre

Carrageenan (E407 and E407a)

Cellulose
(i) Microcystalline cellulose
(i) Powdered cellulose (E460, 460(i) and 460(ii))

Chitosan

Maize bran

Cyclodextrin (a, y and B (E457, 458 and 459))

FOS and oligofructose

GOS

Guar gum (galactomannan) (E412)

Inulin

Isomalto-oligosaccharides

Konjac
(i) Konjac gum, (ii) Konjac glucomann (E425)

Fruit beverages

Confectionery

Baked goods

Ice creams

Dairy products

Spreads

Restructured products (meat, fruits,
legumes, fish)

Beverages

Dietary supplements

Beverages

Ready-to-eat cereals
Biscuits

Bread

Dietary supplements
Minced meat

Frozen food

Ready-to-eat meals

Bread and other baked products
Dairy products

Beverages

Dietary supplements

Bars for athletes
Beverages

Dressings

Soups and sauces

Ice cream

Baked goods

Bars

Snacks

Dairy products
Cocoa-containing products
Desserts

Ice cream

Cream

Patés and processed meats
Processed meat products
Ready-made dishes
Baked goods

Instant products (i.e. soups and sauces)
Dairy products

Frozen dough, desserts
Beverages

Dietary supplements

Breakfast cereals

Chips

Breads

Muffins

Baked goods

Dairy products

Infant formula

Milk powders

Infant cereals

Dietary supplements

Infant formulas

Milk beverages

Baby foods

Dairy products

Fruit drinks and water quenchers

Fruit preparations

Ice cream

Dairy desserts

Bakery

Beverages

Growing-up milks

Milk powders

Bakery

Cereals and cereal bars

Beverages (for example, instant milk + cereal
powders)

Beverages

Candy

Chocolate and energy bars

Confectionery products

Milk products

Fruit jelly snacks

Vegan alternative seafood products

Noodles

5-20g/d

10 g/serving

1 g/portion (rice arabinoxylans)

89/100 g available carbohydrates
(wheat arabinoxylans from
endosperm)

3-10g/d (from barley)
15g/d (from yeast)
250 mg/serving

1-59/100g

300 mg/dose
1200 mg/d
5g/serving

49/d

2-39/250 ml serving

4 g/serving

5-20g/d

8¢/l of GOS:FOS (ratio 9:1) in infant
formula

1-7-5g9 GOS/serving

2-39/250 ml serving

5
3 g/serving

1g/serving
3g/d
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Usual concentration in foods (g per

Fibre type Most common use serving, or per 1009 food, or others)
Lacto-sucrose Dietary supplements
Locust bean gum (= carob gum) (galactomannan) E410 Bakery

Canned products
Dairy products

Modified celluloses

- Methyl, ethyl and hydroxypropyl cellulose (E461, 462 and 463)

- Hypromellose (hydroxypropyl methyicellulose)

Ethyl methyl, carboxymethyicellulose or sodium carboxy methyl

cellulose, ethyl hydroxyethyl cellulose (E464, 465, 466 and 467)
- Enzymically hydrolysed carboxymethyicellulose (E469)

Oat bran Breakfast cereals
Oat fibre Bakery (breads, etc.)
Breakfast cereals
Pea fibre Bakery (breads, cookies, etc.)
Snacks
Pasta
Pea oligosaccharides Candies
Pectins (E440) Jams
(i) Pectin (E440(i)) Dairy
(i) Amidated pectin) (E440(ii)) Frozen desserts
Confectionery
Beverages
Fruits applications
Polydextrose (E1200) Dairy products
Baked goods
Beverages
Breakfast cereals and biscuits
Potato fibre Meat and sausages

Bread and baked goods
Extrudants and doughs
Psyllium Dietary complements
Bakery products
Gluten free products
Pastas
Dairy and frozen desserts
Beverages
Resistant starch Bakery products
Pasta and noodles
Resistant dextrin Baked goods
Dairy and ice cream
Cereal and cereal bars
Bakery
Milk powder
Beverages (for example, instant milk + cereal
powders)
Rice bran Tortillas
Gluten-free pastas
Pizza
Soup, sauces and gravies
Rice fibre Baked goods
Cereals
Snacks
Nutrition bars
Bread
Soya fibre Bakery
Extruded snacks and cereals
Ground meats
Soybean hemicellulose (E426)
Soyabean oligosaccharides
Sugarbeet fibre Bakery
Cereals and muesli
Meat products
Tara gum (E417) Sauces, dressings
Ice cream, dairy products
Jam, etc.
Tragacanth (E413) Ice cream, sherbet
Dairy products
Pudding
Xanthan gum (415) Savory (mayonnaise, dressings, etc.)
Beverages
Bakery
Dairy products
Xylo-oligosaccharides (XOS) Milk and dairy
Puddings, custards
Ready-to-eat cereals

Wheat bran Breakfast cereals
Bread
Bakery

Wheat fibre Meat products

Frozen foods

4-7 g/serving (30—40 g)

2g/100g (drinks)
4-12g/d

2.5-5g/serving

3-6 g/serving

2:59/250 ml serving
2.5g/serving

1-59/100 g bread products
1-10g9/100 g cereals and muesli
1-59/100 g meat products

9 g/serving (36 g) (cereal bar)

0-2-2-4 g/serving

Serving size: 15-30g

FOS, fructo-oligosaccharides; GOS, galacto-oligosaccharides.
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Table 7. Principal Association of Official Analytical Chemists International (AOAC) methods for total dietary fibre (TDF) and specific

dietary fibre analysis

Method Fraction which is quantified

Comment

AOAC 985.29*
AOAC 991.42~
AOAC 993.19*
AOAC 991.43~

TDF
Insoluble dietary fibre
Soluble dietary fibre

AOAC 995.16
AOAC 997.08
AOAC 2001.03
AOAC 2001.02
AOAC 2000.11
AOAC 2006.08
AOAC 2002.02*
AOAC 2009.01*

B-Glucans
Fructans (inulin, FOS)

Galacto-oligosaccharides
Polydextrose

Modified celluloses
Resistant starch

TDF (Codex definition)

Total, insoluble, and soluble dietary fibre

TDF including resistant maltodextrins

Quantifies most of the resistant starch
Quantifies most of the resistant starch

~985-29 or 991-42 +993-19
Quantifies most of the resistant starch

=991-43+2001-03 + 997-08 + 200-11 +2001-02

FOS, fructo-oligosaccharides.
* Cited by McCleary et al.('9,

AOAC 985.29

AOAC 2001.03

| AOAC 2009.01

Enzymic digestion of starch

a-Amylase 95°C, 15 min

| o-Amylase 37°C, 16 h

Recovery and assay of DF

(1)

Insoluble and soluble DF of high molecular weight (HMwDF)

HMwDF

Resistant starch*

) (2

Resistant starch*

Resistant starchy

()

(©)

Low-molecular-weight soluble DF

TDF =(1) + (2)

TDF = (1) + (2) + (3)

TDF = (1) + (2) + (3)

Fig. 2. Main Association of Official Analytical Chemists International (AOAC) methods for total dietary fibre (TDF) analysis (adapted from Bar-UHelgouac’h et al.('®").
* Method quantifies part of resistant starch (RS). T Method quantifies all RS. DF, dietary fibre.

Results

Those countries that have recommendations for fibre intake all
refer to total fibre. However, some countries specify that the
fibre recommendations refer to natural occurring fibre in the
diet from foods such as fruit, vegetables, pulses and cereal
grains. None of the countries gives recommendations for
specific types of fibre.

There remains insufficient information to be able to
determine an Estimated Average Requirement (EAR) and thus
calculate an RDA for dietary fibre. (EAR is a nutrient intake
value that is estimated to meet the requirement of half the
healthy individuals in a group; RDA is the average daily dietary
intake level that is sufficient to meet the nutrient requirement of
nearly all (97 to 98 %) healthy individuals in a group; Adequate
Intake (AD is a value based on observed or experimentally
determined approximations of nutrient intake by a group
(or groups) of healthy people — used when an RDA cannot be
determined.) An AI has been developed instead, based on
intakes that have been observed to provide health benefits
related to bowel function, maintaining or reducing blood
cholesterol or modulating postprandial blood glucose response
or protecting against certain diseases. Table 8 provides the
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recommendations (AD for total fibre intake in different coun-
tries for different age groups. Most countries recommend a daily
intake of dietary fibre of 25-35 g for adults (25-32 g/d for adult
women and 30-35 g/d for adult men) and less for children and
older adults depending on age, corresponding to approximately
3-4g/MJ.

A list of health claims related to dietary fibre permitted in the
EU, in the USA and in Australia and New Zealand is presented
in Table 9. For the European health claims related to bowel
function, the foods must be ‘high in’ the particular fibre
mentioned in the claim, which means the food should provide
at least 6g/100g or 3g/100 kcal (418k)) (corresponding to at
least 7 g/MJ). For claims related to postprandial glycaemia, the
necessary amount of the specific fibre is generally related to the
available carbohydrate in the product. For claims related to
cardiovascular health, the amount varies between 3 and 10 g of
the specific fibre per d. Claims for which a specific fibre intake
for beneficial effect is stated could possibly be seen as a
recommendation for intake of that fibre. The US health claims
do not specify the types of dietary fibre, just the foods that
provide the fibre.

If the substances that are the subject of health claims are
considered as recommended for intake, this would suggest that
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Table 8. Recommendations (Adequate Intake) for average population total fibre intake in different age groups

Recommended intake (g/MJ)

Recommended intake (g/d)

Country Children Adults Children Adults Reference
Belgium F: 30 Lin et al. 201107
M 15-18 years: 40
M 19->75 years: 30
Estonia 5+age 25-35 Vaask et al, 2006!1%®
Europe 3 >25 ESFA 20100199
France 5+age 30 Martin 2001©%; ANSES 2016(1%)
Germany, Austria, F:3 >30 Deutsche Gesellschaft fur Erahrung et al. 200819
Switzerland M: 2-4
Greece EC 1993 recommendations
Hungary 25" Rodler 20051
Ireland 25-35 Cho et al. 198712
Italy Developmental age (>1 years): 2 3-4 (RI) Societa ltaliana d| Comunlca2|one Scientifica e
Sanitaria 2012
Latvia No recommendations
Lithuania No recommendations
Luxembourg No recommendations
The Netherlands 1-3 years: 2-8 34 32-459/d Health Councn of the Netherlands 2001 and
4-8 years: 3.0 2006
9-13 years: 3-2
14-18 years: 3-4
Nordic countries 1-17 years: 2-3, from school age 3 >6 years (school age): 10 F: 25 Nordic Nutrition Recommendations 2012(11)
(6 years) increasing to level increasing gradually to M: 35
recommended for adults adult recommended level
Poland 1-3 years: 10 19-30 years: 25 National Food and Nutrition Institute 2012117
4-6 years: 14 31-50 years: 25
7-9 years: 16 51-65 years: 25
10-12 years: 19 66-75 years: 20
13-15 years: 19 >75 years: 20
16-18 years: 21
Portugal 27-40 Graga 1999¢®
Romania 25-352 Romanian Society of Diabetes, Nutrition and Metabolic
Diseases 2015(""°
Slovakia 0-6 months: 1 F 19-54 years: 22-26° Slovakian Public Health Authority 2015129
7-12 months: 3 M 19-34 years: 26-32°
1-3 years: 10 M 35-59 years: 24-30°
4-6 years: 14 F 55-74 years: 20
7-10 years: 17 M 60-74 years: 22
F 11-14 years: 18 F >75 years: 18
M 11-14 years: 20 M >75 years: 20
F 15-18 years: 18-22 Pregnant F: 26
M 15-18 years: 22-25 Lactating F: 28
Slovenia 2.4 F:3 30 German Nutrition Society et al. 2004(12")
M: 2.4
UK 18 (range 12-24)* Department of Health 1991(122
USA All ages >1 years: 3-4 All ages >1 1-3 years: 19 F 19-50 years: 25 Institute of Medicine 2005
years: 3-4 4-8 years: 25 M 19-50 years: 38
F 9-13 years: 26 F > 51 years: 21
M 9-13 years: 31 M > 51 years: 30
F 14-18 years: 26
M 14-18 years: 38
Australia/New 1-3 years: 14 F: 25 Australian National Health and Medical Research
Zealand 4-8 years: 18 M: 30 Council 2006¢
F 9-13 years: 20
M 9-13 years: 24
F 14-18 years: 22
M 14-18 years: 28
WHO >25 World Health Organization 2003(12

F, female; M, male; RI, recommended intake.
" Insoluble fibre:soluble fibre ratio 3:1.
275% insoluble, 25 % soluble.

3 Depending on physical activity.

4 NSP.
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Table 9. Authorised health claims related to dietary fibre in the European Union (EU) (European Commission 2014), in the USA (Food and Drug Administration 2013) and in Australia/New Zealand (Food )
Standards Australia New Zealand 2013)
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Country

Subject of the claim

Claim

Conditions of use

Remarks

Reference

Article 13(1)
E

EU Arabinoxylan produced from Consumption of arabinoxylan as part of a The claim may be used only for food which  Information shall be given to the consumer EU Commission'2”)
wheat endosperm and meal contributes to a reduction of the contains at least 8 g of arabinoxylan-rich that the beneficial effect is obtained by ~ EFSA(12®)
reduction of postprandial blood glucose rise after that meal fibre produced from wheat endosperm consuming the arabinoxylan-rich fibre
glycaemic responses (at least 60 % arabinoxylan by weight) produced from wheat endosperm as part
per 100 g of available carbohydrates in a of the meal
quantified portion as part of the meal
EU Barley grain fibre and increase in  Barley grain fibre contributes to an increase  The claim may be used only for food which EU Commission'2”)
faecal bulk in faecal bulk is high in that fibre® as referred to in the EFSA(129
claim HIGH FIBRE as listed in the Annex
to Regulation (EC) No 1924/2006
EU B-Glucans and maintenance of B-Glucans contribute to the maintenance of ~ The claim may be used only for food which  Information shall be given to the consumer EU Commission('2”
normal blood cholesterol normal blood cholesterol levels contains at least 1g of B-glucans from that the beneficial effect is obtained with EFSA(129:139)
concentrations oats, oat bran, barley, barley bran, or a daily intake of 3g of B-glucans from
from mixtures of these sources per oats, oat bran, barley, barley bran, or
quantified portion from mixtures of these B-glucans
EU B-Glucans from oats and barley =~ Consumption of B-glucans from oats or The claim may be used only for food which  Information shall be given to the consumer EU Commission('2” >
and reduction of postprandial barley as part of a meal contributes to the contains at least 4 g of B-glucans from that the beneficial effect is obtained by ~ EFSA(129 =
glycaemic responses reduction of the blood glucose rise after oats or barley for each 30 g of available consuming the B-glucans from oats or :
that meal carbohydrates in a quantified portion as barley as part of the meal %
part of the meal ?r
EU Chitosan and maintenance of Chitosan contributes to the maintenance of ~ The claim may be used only for food which  Information shall be given to the consumer EU Commission'2”) g
normal blood LDL-cholesterol normal blood cholesterol levels provides a daily intake of 3 g of chitosan that the beneficial effect is obtained with EFSA(3" Q
concentrations a daily intake of 3g of chitosan ;“
EU Glucomannan (konjac mannan)  Glucomannan contributes to the The claim may be used only for food which  Information shall be given to the consumer EU Commission('2” '
and maintenance of normal maintenance of normal blood cholesterol provides a daily intake of 4 g of that the beneficial effect is obtained with EFSA(®6:132)
blood cholesterol levels glucomannan a daily intake of 4 g of glucomannan.
concentrations Warning of choking to be given for
individuals with swallowing difficulties or
when ingesting with inadequate fluid
intake — advice on taking with plenty of
water to ensure substance reaches
stomach
EU Glucomannan (konjac mannan)  Glucomannan in the context of an energy- The claim may be used only for food which  Information shall be given to the consumer EU Commission('2”
and reduction of body weight restricted diet contributes to weight loss contains 1g of glucomannan per that the beneficial effect is obtained with EFSA®®
quantified portion a daily intake of 3g of glucomannan in
three doses of 1g each, together with
1-2 glasses of water, before meals and
in the context of an energy-restricted diet
EU Guar gum and maintenance of Guar gum contributes to the maintenance of The claim may be used only for food which  Information shall be given to the consumer ~ EU Commission('2”
normal blood cholesterol normal blood cholesterol levels provides a daily intake of 10g of guar that the beneficial effect is obtained witha  EFSA(12%
concentrations gum daily intake of 10g of guar gum. Warning
of choking to be given for individuals with
swallowing difficulties or when ingesting
with inadequate fluid intake — advice on
taking with plenty of water to ensure
substance reaches stomach
EU Oat grain fibre and increase in Oat grain fibre contributes to an increase in  The claim may be used only for food which EU Commission('2”)

a-Cyclodextrin and reduction of
postprandial glycaemic
responses

faecal bulk

Consumption of a-cyclodextrin as part of a
starch-containing meal contributes to the
reduction of the blood glucose rise after
that meal

faecal bulk

The claim may be used for food which
contains at least 5 g of a-cyclodextrin per
509 of starch in a quantified portion as
part of the meal

is high in that fibre® as referred to in the
claim HIGH FIBRE as listed in the Annex
to Regulation (EC) No 1924/2006

Information shall be given to the consumer
that the beneficial effect is obtained by
consuming the a-cyclodextrin as part of
the meal

EU Commission'2¥
EFSA(125,126)

EFSA('29)
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Table 9 Continued

Country

Subject of the claim

Claim

Conditions of use

Remarks

Reference

EU

EU

EU

EU
EU
EU

Article 13(5)
EU

Article 14 (1)(a)
EU
EU

USA

USA

Pectins and reduction of
postprandial glycaemic
responses

Pectins and maintenance of
normal blood cholesterol
concentrations

Resistant starch and reduction of
postprandial glycaemic
responses

Rye fibre and changes in bowel
function

Wheat bran fibre and reduction
in intestinal transit time

Wheat bran fibre and increase in
faecal bulk

Sugarbeet fibre

Barley B-glucans and risk of
(coronary) heart disease

Oat B-glucan and risk of heart
disease

Fibre-containing grain products,
fruits and vegetables and risk
of cancer

Fruits, vegetables and grain
products that contain fibre,
particularly soluble fibre, and
risk of CHD®

Consumption of pectins with a meal
contributes to the reduction of the blood
glucose rise after that meal

Pectins contribute to the maintenance of
normal blood cholesterol levels

Replacing digestible starches with resistant
starch in a meal contributes to a reduction
in the blood glucose rise after that meal

Rye fibre contributes to normal bowel
function

Wheat bran fibre contributes to an
acceleration of intestinal transit

Wheat bran fibre contributes to an increase
in faecal bulk

Sugarbeet fibre and increasing faecal bulk

Barley B-glucan has been shown to lower/
reduce blood cholesterol. High cholesterol
is a risk factor in the development of CHD

Oat B-glucan has been shown to lower/
reduce blood cholesterol. High cholesterol
is a risk factor in the development of CHD

Model claim: low-fat diets rich in fibre-
containing grain products, fruits, and
vegetables may reduce the risk of some
types of cancer, a disease associated with
many factors

Model claim: diets low in saturated fat and
cholesterol and rich in fruits, vegetables,
and grain products that contain some types
of dietary fibre, particularly soluble fibre,
may reduce the risk of heart disease, a
disease associated with many factors

The claim may be used only for food which
contains 10 g of pectins per quantified
portion

The claim may be used only for food which
provides a daily intake of 6 g of pectins

The claim may be used only for food in
which digestible starch has been
replaced by resistant starch so that the
final content of resistant starch is at least
14 % of total starch

The claim may be used only for food which
is high in that fibre® as referred to in the
claim HIGH FIBRE as listed in the Annex
to Regulation (EC) No 1924/2006

The claim may be used only for food which
is high in that fibre® as referred to in the
claim HIGH FIBRE as listed in the Annex
to Regulation (EC) No 1924/2006

The claim may be used only for food which
is high in that fibre® as referred to in the
claim HIGH FIBRE as listed in the Annex
to Regulation (EC) No 1924/2006

The claim may be used only for food which
is high in that fibre® as referred to in the
claim HIGH FIBRE as listed in the Annex
to Regulation (EC) No 1924/2006

The claim can be used for foods which
provide at least 1g of barley B-glucan
per quantified portion

The claim can be used for foods which
provide at least 1g of oat 8 glucan per
quantified portion

The food shall meet, without fortification,
the nutrient content requirements for a
‘good source ! of dietary fibre, and shall
be a ‘low-fat’? food

The food shall meet the requirement for a
‘low saturated fat’®, ‘low cholesterol®,
and ‘low-fat'? food. The food shall
contain, without fortification, at least
0-6 g of soluble fibre per RACC

Information shall be given to the consumer
that the beneficial effect is obtained by
consuming 10g of pectins as part of the
meal. Warning of choking to be given for
individuals with swallowing difficulties or
when ingesting with inadequate fluid intake
— advice on taking with plenty of water to
ensure substance reaches stomach

Information shall be given to the consumer
that the beneficial effect is obtained with
a daily intake of 6 g of pectins. Warning
of choking to be given for individuals with
swallowing difficulties or when ingesting
with inadequate fluid intake — advice on
taking with plenty of water to ensure
substance reaches stomach

Information shall be given to the consumer
that the claimed effect is obtained with a
daily intake of at least 10 g of wheat bran
fibre

Information shall be given to the consumer
that the beneficial effect is obtained with
a daily intake of 3 g of barley B-glucan

Information shall be given to the consumer
that the beneficial effect is obtained with
a daily intake of 3 g of oat B-glucan

The claim is limited to foods that are or
contain grain product, fruit, and vegetable
that contain dietary fibre.

The claim does not specify types of dietary
fibre that may be related to risk of cancer

The claim is limited to those fruits,
vegetables, and grains that contain fibre.

The term ‘fibre’, ‘dietary fibre’, ‘some (types
of) dietary fibre’, ‘some (dietary) fibres’,
or ‘soluble fibre’ may be used

EU Commission('2”)
EFSA®®

EU Commission'2”)

EFSA(86,129)

EU Commission(12”
EFSA(3)

EU Commission('2”)
EFSA(3

EU Comm|SS|on“27)
EFSA(39)

EU Comm|SS|on“27)
EFSA(%)

EU Comr;usswn“”)

EFSA(

EU Commission('3
EFSA(140,141)

EU Commlssmn““z)
EFSA(4)

Code of Federal
Regulations('4¥

Code of Federal
Regulations'4®
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Table 9 Continued

Country Subject of the claim

Claim

Conditions of use

Remarks

Reference

USA Soluble fibre from certain foods
and risk of CHD

High-level health claims
Australia/New B-Glucan
Zealand

General-level health claims

Australia/New B-Glucan
Zealand
Australia/New Dietary fibre

Zealand

Model claim: soluble fibre from foods such as
[name of soluble fibre source], as part of a
diet low in saturated fat and cholesterol,
may reduce the risk of heart disease. A
serving of [name of food] supplies __
grams of [the soluble fibre] necessary
per day to have this effect

Reduces blood cholesterol

Reduces dietary and biliary cholesterol
absorption

Contributes to regular laxation

The food shall be a ‘low saturated fat™® and
‘low cholesterol food. The food shall
also be a ‘low-fat’® food, unless the food
exceeds the fat content due to fat
derived from whole oats. Whole oats or
barley foods shall contain at least 0-75g
of soluble fibre per RACC. Oatrim or
barley B fibre shall contain at least 0-75g
of B-glucan fibre per RACC. Psyllium
husk and psyllium food shall contain at
least 1.7 g of soluble fibre per RACC

The food must contain:

(a) one or more of the following oat or
barley foods:

(i) oat bran;

(i) wholegrain oats; or

(iii) wholegrain barley; and

(b) at least 1 g/serving of B-glucan from the
foods listed in (a)

The food must contain:

(a) one or more of the following oat or
barley foods:

(i) oat bran;

(i) wholegrain oats; or

(iii) wholegrain barley; and

(b) at least 1 g/serving of B-glucan from the
foods listed in (a)

The food must meet the general conditions
for making a nutrition content claim
about dietary fibre

The claim can be used on foods containing Code of Federal

oat bran, rolled oats, whole oat flour,
Oatrim, whole grain barley and dry
milled barley, Barley B fibre, or psyllium
husk.

The claim may specify the name of the
eligible soluble fibre

Diet low in SFA
Diet containing 3 g of B-glucan per d

Diet low in SFA
Diet containing 3 g of B-glucan per d

General claim condition: a serving of the
food contains at least 2 g of dietary fibre
unless the claim is about low or reduced
dietary fibre

‘Good source’: a serving of the food
contains at least 4 g of dietary fibre

Excellent source’: a serving of the food
contains at least 7 g of dietary fibre

‘Increased’: (a) the reference food contains
at least 2 g of dietary fibre per serving;
and (b) the food contains at least 25 %
more dietary fibre than in the same
quantity of reference food

Regulations('*®

Standard 1.2.7

Nutrition, Health and
Related claims;
Food Standards
Australia New
Zealand 2013®)

Standard 1.2.7

Nutrition, Health and
Related claims;
Food Standards
Australia New
Zealand 2013®)

Standard 1.2.7

Nutrition, Health and
Related claims;
Food Standards
Australia New
Zealand 2013®)

RACC, reference amounts customarily consumed.

' Provides 10-19% of the Dietary Reference Value per RACC.
23g or less per RACC and per 504 if RACC is small; meals and main dishes: 3g or less per 100g and not more than 30 % of energy from fat.
31g or less per RACC and 15% or less of energy from saturated fat; meals and main dishes: 1g or less per 100g and less than 10 % of energy from saturated fat.
420mg or less per RACC and per 509 of food if RACC is small; meals and main dishes: 20 mg or less per 100g.
5 Please notice: In the Federal Regulation it is specified that a claim on dietary fibre and CVD is not authorized.

8 Provides at least 6 g of fibre per 100g or at least 3g of fibre per 100 kcal (418 kdJ).
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Table 10. Potential recommendations for intake of specific fibres (subtypes of fibres) based on health claims

Fibre type Health effect

Recommended intake for health effect

a-Cyclodextrin
AX from wheat endosperm

Contributes to reduction of postprandial glycaemic response
Contribute to reduction of postprandial glycaemic response

59 a-cyclodextrin per 50 g of starch in the meal
8g of AX per 100 g available carbohydrate as part of a meal

B-Glucans from oats or barley Contributes to maintenance/reduction of normal blood cholesterol Beneficial effect obtained with intake of 3 g B-glucans/d

B-Glucans from oats or barley Contributes to reduction of postprandial glycaemic response
Contributes to maintenance of normal blood cholesterol level
Contributes to maintenance of normal blood cholesterol level

Chitosan
Glucomannan

Glucomannan

Guar gum Contributes to maintenance of normal blood cholesterol level
Pectins Reduce postprandial glycaemic response
Pectins Contribute to maintenance of normal blood cholesterol level

Resistant starch

Wheat bran fibre Reduces intestinal transit time

Contributes to weight loss in an energy-restricted diet

4 g B-glucans per 30 g available carbohydrate in the meal

Beneficial effect obtained with intake of 3 g chitosan/d

Beneficial effect obtained with intake of 4g
glucomannan/d

Beneficial effect obtained with intake of 3g
glucomannan/d

Beneficial effect obtained with intake of 10g guar gum/d

Beneficial effect obtained with intake of 10g as part of
the meal

Beneficial effect obtained with intake of 6 g pectins/d

Contributes to a reduction in the blood glucose rise after that meal Beneficial effect obtained where at least 14 % of total

starch has been replaced by resistant starch
Beneficial effect obtained with daily intake of >10g
wheat bran fibre (mainly cellulose and xylans)

AX, arabinoxylans.

there should be recommendations for intake of some subtypes
of fibre, such as oats and barley fibres, which are rich in
B-glucans (soluble fibres) or insoluble types like RS, cellulose,
and arabinoxylans. In addition, diets containing fibre from fruit,
vegetables and grains are said to be related to reduced risk of
heart disease. The fibres contained in these foods are mainly
pectin, B-glucans, xylans and lignin. Likewise,
extracted fibres such as chitosan, guar gum and glucomannan
could be recommended based on their role in disease risk
reduction. The claims for which a specific amount of a specified
fibre is needed are highlighted in Table 10.

Almost all studies that form the scientific evidence for a
cause-and-effect relationship for fibre-specific claims are per-
formed with added fibre types or bran, and, in general,
responses with fibre have been compared with a control
without fibre addition. In most cases, the quantity of fibre
necessary for each health effect is difficult to achieve through a
normal diet and the only fibre types where it might be possible
to ingest a sufficient amount for a health effect through
foods with their naturally occurring fibre content would be the
B-glucans from oats, and perhaps barley. Since wheat bran is a
common food ingredient, it is also possible to eat the amount of
wheat bran fibre necessary to obtain a health effect through a
normal diet.

cellulose,

Fibre intakes and sources in Europe from surveys and large
studies (Tables 11-17)

Methods used to compile tables

A search was made of all large surveys and studies which
reported dietary fibre intake where dietary assessment was
conducted using a complete method, in other words, one
where all foods consumed were recorded, such as 24 h recall
and prospective foods records. Studies using FFQ were not
included. This was done because a difference in intake of fibre-
containing foods, particularly fruit and vegetables, has been
seen when FFQ have been compared with complete methods,

org/10.1017/5095442241700004X Published online by Cambridge University Press

such as 24 h recalls or food diaries®®. Even when energy and
macronutrient values match quite well, there can be substantial
differences in fruit and vegetable intake between FFQ and other
methods, resulting in important differences in fibre intake.
Many of the studies included were national surveys, the reports
of which were obtained online from government agencies and
were not part of the published literature in the form of refereed
publications. The most recent survey located was used in each
country. Most surveys were produced since 2000; a few earlier
reports were included if a more recent one could not be found.
Other large studies, with several hundred individuals or more,
were also included. In order to put the European countries in a
world context, studies from other countries were also included,
such as from the USA, Canada, Japan, Australia and South
America. Studies were reported separately for adults, older
adults, and children of varying ages, approximately 13-18
years, 4-12 years and 1-4 years old. There was also one recent
survey of infants aged 4-18 months from the UK. For each study
or survey, the following items were tabulated: country, year of
assessment, the group being studied or the type of study, such
as a national survey, age range (or mean age if only this was
available), number of subjects, dietary assessment method, total
fibre intake for males, females, and for both, reference, year of
publication and any comments about additional information.
It was intended to record dietary fibre assessment method, but
so few studies mentioned this that it was omitted, and it was
assumed that all studies except those from the UK used the
AOAC or Prosky method. For the UK studies, dietary fibre was
reported as NSP and hence RO, RS and lignin are not included.
Studies from Ireland used either NSP or had figures for both
methods. Results were taken as presented in the publications
obtained and no attempt was made to obtain raw data.

Those studies and surveys for which information on sources
of dietary fibre were provided were additionally tabulated to
document these sources. Data were separated for adults of
all ages and children of all ages. For each study, country, year
of assessment, the groups being studied, age, sex, number of
participants, reference and year of publication were recorded as
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before. Total fibre intake was documented, and then sources
listed. Publications varied in the detail with which they pro-
vided sources and in the sources they listed. Many foods were
common to all studies, such as potatoes, fruit and vegetables,
but the grain or cereal products varied considerably and
some studies recorded total grain products only. Efforts were
made to rationalise these to allow comparisons to be made. The
following were tabulated if at least three studies reported it:
bread, pasta, biscuits and pastry, breakfast cereals, other grains
not listed elsewhere, savoury snacks, potatoes, vegetables,
legumes, fruit, sugar and confectionery, soup, nuts and seeds,
meat and fish dishes. From the grain products reported, a total
‘grain products’ was calculated and a total of the percentage
fibre intake was also calculated. In many cases, items with small
percentages were omitted, but often these could be added to
existing groups and were noted as such.

Results

A total of twenty-nine studies were found with dietary fibre
intakes for adults (Table 11), ten for older adults (Table 12),
sixteen for children aged 13-18 years (Table 13), twenty for
children 4-12 years (Table 14) and eleven for children 1-4 years
(Table 15), providing data for nearly 140 000 individuals. The
National Health and Nutrition Examination Survey (NHANES) in
the USA is reported every 2 years, and hence from 2000, six sets
of results are available. Only the last two sets, 2007-2008 and
2009-2010, have been included for comparison with intakes
from Europe. Many of the surveys provided data for both adults
and children or for children of different ages. Except for young
children, most studies reported results for both males and
females separately but in some cases the numbers of the dif-
ferent sexes participating were not given and hence an average
intake could not be calculated. Most studies reported results for
children aged 1-4 years for both sexes together and hence this
only has been tabulated. In the three surveys of young children
where the sexes were reported separately, namely the Aus-
tralian National Survey, the Swedish National Survey and
National Health and Nutrition Examination Survey (NHANES),
fibre intakes were similar for boys and girls.

The age range of the studies on adults ranged mainly from
18 to 65 years, but there was considerable variation between
surveys in age ranges considered as adults or older adults. The
survey in Poland reported intakes for the entire age range from
very young children to the elderly and is included in the table
for adults. Roughly 65 % of the studies of adults used 24 h recall,
often, but not always repeated. For children, prospective
records were more common, used in roughly 60% of studies.
These ranged from 2 to 12d of record.

Dietary fibre intake in adult males ranged from 15 to 25 g/d,
while for females the figures were 14 to 21g/d. The lowest
figures were for Canada and the USA and therefore, in general,
intakes of fibre were higher in Europe than in North America.
On average, intakes for adult males in Europe were from 18 to
24 g/d and for females 16 to 20 g/d, with little variation from one
European country to another. Figures were lower for the UK
since these were measured as NSP, but if a conversion of 1g
NSP=1-33g TDF is used, the intakes in the UK are similar to

org/10.1017/5095442241700004X Published online by Cambridge University Press

those in other European countries. This picture was similar for
older males in Europe, with intakes ranging from 18 to 22 g/d;
intakes were more varied for older females, which may relate to
the age distribution of the cohort being studied since total food
intake decreases with age in older age.

For the youngest age group (1-4 years), dietary fibre intake
ranged from 8 to 12 g/d. It was slightly lower in the Italian study
by Sette et al.®® but this age group was rather younger than the
other studies. Intakes were higher in Australia than in other
countries at 16-1g/d on average for children aged 2-3 years.
The study of infants aged 4-18 months was from the UK and
reported intakes of NSP of 6-7 g/d (about 8 to 9g/d as TDF),
increasing with age. For children aged 4-12 years, the range in
intakes was quite wide, from about 10 to 18 g/d for boys and
8 to 18 g/d for girls. Intakes in Australia were again greater than
for all other studies, boys 4-8 years at 19-2 g/d and 9-13 years
23.9¢/d, and for girls, 18-0 g/d for 4-8 years and 20-7 g/d for
9-13 years. The country with the lowest intake was Argentina
where a study of 10- to 12-year-olds reported intakes of about
9g/d. For Europe, intakes were very similar from country to
country, with lower values in Ireland and the UK where they
were reported as NSP, but similar if converted to TDF. A Danish
study from the late 1990s also had high intakes, at 22-2 g/d for
boys and 19-4g/d for girls. This may be explained by they
being slightly older, with an average age of 12:5 years. Intakes
of teenagers were largely similar to those of younger children,
again with higher intakes in Australia. As for other ages, there
were no obvious differences between areas of Europe, with
intakes in countries like Spain and Italy being similar to those in
Germany or Austria or Scandinavia.

Comparison of recommendations and intakes

As indicated above, recommendations for fibre intake for adults
for most European countries and for countries like Australia,
New Zealand and the USA are in the order of 30-35 g/d for men
and 25-32 g/d for women. Overall average intakes do not reach
this level of intake for any country. No recent survey for adults
in Australia was found, but the surveys in children suggested
that intakes are higher than in other countries. The highest
average intake shown was that for the National Nutrition Survey
in Germany in 2005/2006 where average intake for men was
25g/d and for women 23g/d. Similarly, average intake in
Hungary in a recent national survey was 25-5 g/d for men and
20-9g/d for women. Not far behind were the intakes in the
national survey in Finland in 2007, FINDIET, where average
intake for men was 23-7g/d and for women 20-7 g/d. Other
countries were far behind with average intakes of around 20 g/d
for men and around 15 g/d for women. Recommendations for
older adults are somewhat lower than for adults, at around
20g/d for men and women. Most countries show average
intakes quite close to such a recommendation, with many
around 20 g/d for men and 18-20 g/d for women. A number of
surveys show increased intakes with age, such as the National
Diet and Nutrition Survey in the UK.

For children, recommendations vary quite markedly from
country to country; for example, for those aged 10-12 years,
France recommends 5+age, equivalent to 15-17g/d, for
Poland, 19 g/d, for Australia and New Zealand, 20 g/d for girls
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Table 11. Dietary fibre (DF) intakes in adults

Total fibre Total fibre
Year diet Dietary assessment intake Total fibre intake M+F
Country assessed Group studied Age (years) Sex n method M (g/d) intake F (g/d) (g/d) Reference Year
Austria 2008 Austrian Nutrition Report 19-65 Mand F 2123 24 recall 20 20 20 Elmadfa('4) 2009
Belgium 2004 Belgian National Food 15-59 Mand F  1546M, 1537F 2x24h recall 19-5 15-8 17.7 Lin et al.('%” 2011
Consumption Survey
Canada 2011 Validation of FFQ in 35-70 Mand F 195 2x24h recall 16:5 14-3 NA Liu et al."? 2013
Newfoundland
Denmark 2003-2008 National Nutrition Survey 18-64 Mand F  1569M, 1785F 7d record 22 20 21 Pederesen et al.('*® 2010
Finland 2007 FINDIET 2007 25-64 M and F 730M, 846F 48h recall 237 207 221 Pietinen et al.(14® 2010
Finland 2001 Young Finns longitudinal study 24-39 Mand F  466M, 571F  48h recall 21.0 17.7 19-2 Mikkila et al.(15® 2004
France 2006-2007 INCA-2 National Food 18-54 Mand F  531M, 754 F  7d record 18-3 15-9 16-9 AFSSASY 2009
Consumption Survey
France 1994-2002 SU.VI.MAX study Average 50+ MandF 3313 24 h recall NA NA 21 Deschasaux et al.('%? 2014
Germany 2005-2006 National Nutrition Survey 19-64 Mand F 6391M, 7722F 2x24h recall 25 23 24 Max Rubner-Institut 2008
Bundesforschungsinstitut
far Erndhrung und
Lebensmittel('5®
Hungary 2009 National Nutrition Survey 19-60 M and F 1090M, 1242 F 3d record 25.5 209 231 Szeitz-Szabo et al.(1%¥ 2011
Ireland 1997-1999 North/South Ireland Food 18-64 M and F 662M, 717F 7d diary DF: 23-2 DF: 17-4 DF: 20-2 Galvin et al.®” 2001
Consumption Survey NSP 167 NSP: 13-0 NSP: 14.8
Ireland 2008-2010 Irish National Nutrition Survey 18-64 M and F 634M, 640 F  4d record 211 173 192 Flynn et 2/.(159) 2011
Italy 20052006 National Food Consumption = 18-64 Mand F 2831 3d record 196 17.7 - Sette et al.(1%®) 2011
Survey
Japan 1998 Japanese Nutrition Survey 15+ Mand F About 15000 Weighed household NA NA 15.0 Nakaji et al.('5” 2002
calculated for
each individual
Japan 1997 Aomori Nutrition Survey Mean 51-52 M and F 198M, 378F 1d weighed 18-8 18-0 18-3 Fukuda et al.('%® 2007
Netherlands 2000 Amsterdam Growth and Health 36 M and F 368 Diet history interview — - 283 van de Laar et al.('%® 2012
Longitudinal Study
Netherlands  2007-2010 Dutch National Food 19-69 M and F 2106 2x24h recall 22 18 20 van Rossum et al.(1®? 2011
Consumption Survey
Norway 20022003 Subsample of Norwegian Mean 52 F 238 4x24h recall NA 191 NA Hjartaker et al.’® 2007
Women and Cancer Study
Norway 20102011 National Survey — Norkost 3~ 18-70 Mand F  862M, 925F  2x24h recall 26 22 24 Totland et al.('®" 2012
Poland 2000 National Food Consumption ~ 0-96 Mand F 3716 24 h recall NA NA 23.4 Sekula et al.(1%? 2005
Survey
Spain 2002-2003 Repeat study in Catalonia 18-64 M and F 718M, 895F  2x24h recall 19-2 16-9 17-9 Serra-Majem et al.(1%¥ 2007
(ENCAT)
Sweden 2010-2011  National Survey — Riksmaten ~ 18-80 M and F 1797 4d diary 21.0 186 19-6 Amcoff et al.(1%¥ 2012
2010-2011
UK 2009-2012 National Diet and Nutrition 19-64 M and F 1491 4d record 14.7 128 136 Public Health England & 2014
Survey Food Standards
Agency('®®
UK 1999 National Survey of Health and 53 Mand F  562M, 691F  5d record 155 14.3 14.8 Prynne et al.(1%® 2010
Development
USA 2009-2010 NHANES 20+ M and F 1856M, 2007F 2x24h recall 191 155 172 United States Degartment 2014
of Agriculture('®”
USA 2011-2012 NHANES 20+ M and F 1638M, 1662F 2x24h recall 20-5 162 183 US Food and Dru 2015

Administration®®

M, male; F, female; NA, not available; INCA-2, Individual and National Study on Food Consumption 2; AFSSA, Agence Frangaise de Sécurité Sanitaire des Aliments (French Agency for Food Safety); SU.VI.MAX, SUpplémentation en
Vitamines et Minéraux Anti-oXydants; ENCAT, Evaluation of Nutritional Status in Catalonia; NHANES, National Health and Nutrition Examination Survey.
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Status in Catalonia; NHANES, National Health and Nutrition Examination Survey.

and 24 g/d for boys (for 9-13 years) and for the USA, 26 g/d for
girls and 31 g/d for boys (for 9-13 years). Other countries have
no official recommendation for children. Hence it is difficult to
say if recommendations are being met overall, although for
most countries, intakes are lower than the recommendation,
with few reaching an average intake of 20 g/d for boys or 18 g/d
for girls. For teenagers, recommendations are similar or slightly
higher than for younger children. The only countries which
have recorded intakes close to the recommendations are
Australia in a national survey of 14- to 16-year-olds, and in the
EskiMo project in Germany, where the average intakes for boys
were about 27 g/d and for girls 21 and 24 g/d. These relatively
high intakes were also seen in a study of 13- to 14-year-old
sports club attenders in Chile. All other studies showed intakes
of less than 20 g/d for older children, substantially lower than
the recommendations in most countries.

Sources of dietary fibre

There are relatively few publications which provide detail on
the types of dietary fibre consumed, such as further chemical
classification, for example as specific hexoses (glucose, galac-
tose, fucose and/or rhamnose), pentoses (arabinose and/or
xylose) and/or uronic acid polymers (galacturonic and/or glu-
curonic acids), or cellulose, hemicelluloses and pectins, etc. or
separated by other characteristics, such as solubility. Those
studies that are available with such information are older than
the recent surveys where total intakes were reported. Some of
the recent surveys provided food sources of fibre and these
were therefore tabulated for comparison. The few studies that
reported sources for older adults were similar to those for adults
aged 18-64 years, and hence have been omitted.

Food sources of fibre are shown in Table 16 for adults and
Table 17 for children. In adults, grain products were the largest
source of fibre in all countries, providing from 32-33 % of fibre
intake in the USA and Spain to 48-49% in Ireland, the Neth-
erlands and Sweden. Some countries provided greater break-
down of grain sources, and, in these, bread was the major
source, ranging from 11 to 30 % of total fibre, with much smaller
contributions from breakfast cereals, from 5 to 8 %, biscuits and
pastries, from 3 to 11 %, and pasta from 1 to 4 %. There were no
studies with detailed breakdown of the contributions from
grains from Italy where pasta may have contributed a higher
proportion. Vegetables, potatoes and fruit were the next highest
sources, but these varied considerably, vegetables contributing
from 12 to 21 % of fibre intake, potatoes from 6 to 19 % and fruit
from 8 to 23%. These variations reflect climatic growing con-
ditions and hence cultural norms across Europe, with cooler
northern European countries tending to have greater contribu-
tions to fibre intake from potatoes and warmer southern
countries greater from fruit. Other foods, such as confectionery,
savoury snacks, soup, milk products and meat dishes made
smaller contributions to fibre intakes.

In children, results varied markedly even for studies in the
same country. Such was the case for Belgium where one study
of toddlers in Antwerp showed grains contributing 58 % of fibre
intake, including 38% from bread alone, while another of
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* All studies included both males and females.

preschoolers in Flanders found 37% from all grain products.
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Table 13. Dietary fibre intake in children aged 13 to 18 years*

Year diet Dietary assessment Total fibre intake Total fibre intake Total fibre intake
Country assessed Group studied Age (years) n method M (g/d) F (g/d) M+F (g/d) Reference Year
Australia 2007 National Survey 14-16 NA 24 h recall 275 215 246 Australian 2012
Government
Department of
Health and
Ageing(m’)
Austria 2008 Austrian Nutrition Report 13-15 780 3d record 16 14 NA Elmadfa’'4® 2009
Belgium 2004 Belgian National Food 15-18 1546M, 1537F 2x24h recall 178 15.0 167 Lin et al."o" 2011
Consumption Survey
Chile Not given Regular attenders of sports 11-14 105 24 h recall NA NA 13 years: 27-1 Liberona et al'”" 2010
clubs 14 years: 23-2
Denmark ~ 2005-2008  National Survey of Dietary ~ 14—17 101M, 134F  7d record 19 16 18 Pedersen et al.'*® 2010
Habits and Physical
Activity
Finland 2007 School-based study around  13-8 average 136M, 170F  48h recall 16.9 16.6 16.4 Hoppu et al.17? 2010
Finland
France 2006-2007  INCA-2 11-17 880M and F 7d record 11-14 years 148  11-14 years: 12.7 11-14 years: 13.7 AFSSA('S" 2009
15—-17 years: 152 15-17 years: 13-3 15-17 years 14.2
Germany 2006 EsKiMo — part of healthy 6-17 1272 3d record 27 24 NA Stahl et al.('"® 2009
eating project
Ireland 2004-2005 National Teen’s Food Survey 1317 224M, 217F  7d record 131 101 116 Flynn et al.('5® 2011
Italy 2005-2006  National Food Consumption 4—17 492 3d record 10-17 years: 18-1  10-17 years: 16:4 3-9 years: 144  Sette et al.(1%® 2011
Survey
Italy 2000-2001  Schoolchildren in Rome Mean 17 125M, 108F 12d record 17 14 156 Leclercq et al"™ 2004
Netherlands 2007-2010  Dutch National Nutrition 7-18 1713 2x24h recall 185 162 174 van Rossum 2011
Survey et /(180
Norway 2000 National Survey 8-14 896M, 928F 160 138 14.9 Overby & Frost 2002
Anderson('7®
Spain 2002—2003  Repeat study in Catalonia 10-17 114M , 89F 2x24h recall 187 174 181 Serra-Majem 2007
(ENCAT) et al.
UK 2009-2012  National Diet and Nutrition 11-18 744M, 753F 4d record 12.8 107 11.8 Public Health 2014
Survey England & Food
Standards
Agency!1®%
USA 20092010 NHANES 12-19 672M, 593F  2x24h recall 16-4 12:6 14.6 United States 2014
Department of
Agriculture('®”
USA 2011-2012 NHANES 12-19 585M, 567F  2x24h recall 181 12.5 15.3 US Food and Drug 2015

Administration®®

M, male; F, female; NA, not available; INCA-2, Individual and National Study on Food Consumption 2; AFSSA, Agence Francgaise de Sécurité Sanitaire des Aliments (French Agency for Food Safety); ENCAT, Evaluation of Nutritional Status
in Catalonia; NHANES, National Health and Nutrition Examination Survey.
* All studies included both males and females.
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Table 14. Dietary fibre intake in children aged 4 to 12 years*

Year diet Dietary assessment Total fibre intake  Total fibre intake  Total fibre intake
Country assessed Group studied Age (years) n method M (g/d) F (g/d) M+F (g/d) Reference Year
Argentina 2005 School-aged children in 10-12 1588 24 h recall 96 85 - Kovalskys et al.('7® 2013
Buenos Aires
Australia 2007 National Survey 4-8; 9-13 24h recall 4-8 years: 192  4-8years: 18.0 4-8 years: 18:6  Australian Government 2012
9-13 years: 23-9 9-13 years: 20-7 9-13 years: 22-3 Department of Health
and Ageing'7®
Austria 2008 Austrian Nutrition Report 7-13 780 3d record 7-10 years: 15  7-10years: 14  NA Elmadfa4® 2009
10-13 years: 15 10-13 years 14
Belgium 2002-2003 Flanders preschool dietary  2.5-6.5 661 3d diary 13.9 12.9 NA Lin et al"™ 2011
survey
Chile Not given Regular attenders of sports  11-12 105 24 h recall NA NA 11 years: 22-9 Liberona et al.'"" 2010
clubs 12 years: 21-2
Denmark  1997-1998  Danish arm of European 12-12.5 651 24 h recall 222 19-4 207 Kynde et al.'™® 2010
Youth Heart Studies
Denmark  2005-2008 National Survey of Dietary ~ 4-13 417M, 425F 7d record 183 164 17 Pedersen et al.(14® 2010
Habits and Physical
Activity
Finland 2003-2005 Diabetes Prediction and 4-6 1267 3d record NA NA 135 Kyttala et al'"® 2010
Prevention Project
France 2006-2007  INCA-2 3-10 575 7d record 118 110 114 AFSSA(SY 2009
Germany 2006 EsKiMo — healthy eating 6-11 1234 3d record 17 16 17-4 Stahl et al{'"® 2009
project
Germany 19922007 DONALD study, Dortmund 7 380 3d weighed record NA NA 16-2 Buyken et al.('®) 2008
Greece Not given Children on two islands, 3-12 248 3d recall NA NA 3-6 years: 12.8  Grammatikopoulou 2008
Samos and Corfu 7-12 years: 14.8 (181)
Ireland 20032004  Irish National Children’s 5-12 293M, 301F 7d record 100 8.8 9.4 IUNA(®® 2011
Food Survey
Italy 2005-2006 National Food Consumption 4-17 492 3d record 10-17 years: 18-1 10-17 years: 164 3-9 years: 14-4  Sette et al.(1%® 2011
Survey
Netherlands 2007-2010  Dutch National Nutrition 7-18 1713 2x24h recall 185 16-2 174 van Rossum et al"®® 2011
Survey
Norway 2000 National Survey 8-14 896M, 928F 4d food record and 16-0 138 149 Overby & Frost 2002
FFQ Anderson('"®
Spain 2002-2003 Repeat study in Catalonia ~ 10-17 114M, 89F 2x24h recall 18.7 17-4 181 Serra-Majem et al.('%® 2007
(ENCAT)
Sweden 2003 National Food Survey Grades 2 889 grade 2, 4d diary Grade 2: 14 Grade 2: 13 Grade 2: 13 Enghardt Barbieri 2006
and 5 1016 grade 5 Grade 5: 13 Grade 5: 12 Grade 5: 13 et al.(18)
Sweden 2003 National survey of children 4 590 4d record NA NA 11 Enghartategarbieri 2006
et al.
UK 2009-2012 National Diet and Nutrition 4-10 665M, 612F 4d record 11.5 107 1141 Public Health England & 2014
Survey Food Standards
Agency!'6®
USA 2009-2010 NHANES 6-11 588M, 566F 2x24h recall 13-6 14.5 14.0 United States 2014
Department of
Agriculture('®”)
USA 2011-2012 NHANES 6-11 590M, 556F 2x24h recall 154 139 14.7 US Food and Dru 2015

Administration©®®

M, male; F, female; NA, not available; INCA-2, Individual and National Study on Food Consumption 2; AFSSA, Agence Francaise de Sécurité Sanitaire des Aliments (French Agency for Food Safety); DONALD, Dortmund Nutritional and
Anthropometric Longitudinally Designed; ENCAT, Evaluation of Nutritional Status in Catalonia; NHANES, National Health and Nutrition Examination Survey.
* All studies included males and females.
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Table 15. Dietary fibre intake in young children aged 0 to 4 years*®
Year diet Dietary assessment Total fibre intake
Country assessed Group studied Age (years) n method (g/d) Reference Year
Australia 2007 National Survey of 2-3 NA  24h recall 16-1 Australian Government 2012
Children Department of Health
and Ageing‘'"®
Australia ~ 2005-2007  Preschool childrenin  1-5 297 3d record 107 Zhou et al.1®? 2012
Adelaide
Belgium 1999-2000  Toddlers in Antwerp 2-3 115 7d weighed 109 Bosscher et al.(1®% 2002
Finland 2003-2005  Diabetes Prediction 1-3 1156 3d record 10-5 Kyttala et al('™® 2010
Prevention Project
Ireland 20102011 National Pre-School 1-5 500 4d record 1.9 IUNA(6®) 2012
Nutrition Survey
Italy 2005-2006  National Food 0-3 492 3d record 82 Sette et al.(1%® 2011
Consumption Survey
Netherlands 2011-2013 Study of Dutch children 1-3 1016 2d record 12.5 Gubbels et al.(1®® 2014
UK 2009-2012 NDNS 1.5-3 604 4d record 82 Public Health England & 2014
Food Standards
Agency('®®
USA 2009-2010 NHANES 2-5 861 2x24h recall 117 United States Department 2014
of Agriculture('®”
USA 2011-2012 NHANES 2-5 834 2x24h recall 121 US Food and Drug 2015
Administration®®
Children less than 18 months
UK 2011 Diet and Nutrition 4-18 months 2683 4d record 4-6 months: 4-6 Lennox et al.{®®) 2014

Survey of Infants and
Young Children

7-9 months: 6-3
10-11 months: 7-2
12-18 months: 7-3

NA, not available; NDNS, National Diet and Nutrition Survey; NHANES, National Health and Nutrition Examination Survey.

* All studies included both males and females.

A report of the National Health and Nutrition Examination
Survey (NHANES) for 2003-2006 indicated that grains provided
44 % of fibre intake, while another of 2009-2010 found 33 %. As
in adults, grains were again the major source of fibre but, with
such varied figures, there must be considerable variation in how
the food sources are calculated and it is difficult to give precise
figures. Fruit appeared to make a greater contribution to fibre
for children than for adults, with values ranging from below
10% for older children in the UK to 26 % for children in Spain.
The UK had the lowest fruit contribution compared with other
European countries. Both in the UK and Australia where
detailed information was provided for different age groups of
children, there was a decreasing contribution to fibre intake
from fruit with age, with lowest values in teenagers.

Intakes of fibre components

There are very few publications, particularly recent ones, which
describe intake of dietary fibre components, as compared with
total fibre. A small number of studies have reported RS intakes,
as shown in Table 18, although these cannot capture RS3 which
is mostly produced by home preparation and storage condi-
tions. The information that can be obtained suggests, as shown
in the Table, that many European countries are likely to have
intakes of RS of about 4-5 g/d, with more where there are high
intakes of pasta as in Italy. Asian countries like China have
much higher intakes of about 15g/d. By far the largest pro-
portion of the RS comes from grain products for all the countries
studied, and as expected the source of grain products varied
with the type of food consumed in large amounts, such as pasta
in Italy or rice in Asia.

org/10.1017/5095442241700004X Published online by Cambridge University Press

Only four studies, three of them small, could be located
which reported lignin intake using complete dietary assessment
methods, not food frequency, and were all from the 1970s. They
suggested that lignin intake was in the order of 1-3g/d in
Western countries.

Dietary fibre and health

This section summarises the evidence relating dietary fibre and
specifically different types or sources of fibre to health, with the
goal of establishing whether there is sufficient evidence to
provide more detailed advice to the public on types or sources
to consume based on the effects different types may have
against certain health conditions. Systematic reviews were not
conducted specifically for this paper, but the evidence pre-
sented is largely taken from existing systematic reviews, some
of these prepared recently for the SACN review of carbohy-
drates, published in June 2015%%.

Relationship between dietary fibre intake, fibre types and
sources of fibre and risk of chronic non-communicable
diseases

Since the early work of Dennis Burkitt and Hugh Trowell in
the 1970s°”, it has been recognised that diets which are low in
dietary fibre content are associated with poorer health. The
history of interest in the health aspects of dietary fibre has gone
through a number of phases, starting with exploration of impact
on colonic function and short-term effects on glycaemia and
regulation of blood cholesterol. More recently, associations with
hard endpoints such as cancers and CVD events have been
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Table 17. Principal food sources of dietary fibre in children
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Year diet Grain Breakfast Vegetables Total of what
Country assessed  Group studied Age (years) n products (%) Bread (%) Pasta (%) cereals (%) Potatoes (%) (%) Legumes (%) Fruit (%) provided (%) Reference Year
Australia 2007 Children’s Nutrition 2-3; 4-8; 2-3 years: 2-3 years: 2-3 years: 2-3 years: 2-3 years: 2-3 years: 2-3 years: 2-3 years: 2-3 years:  Australian 2012
and Physical 9-13; 40-1; 4-8 177, 4-8 4.8; 4-8 9.7, 4-8 4.2; 4-8 12.8; 4-8 2.0; 4-8 24.2; 4-8 91.0; 4-8 Government
Activity Survey 14-16 years: years: years: 5-3; years: 9:0; years: 5-6; years: years: 2-1; years: years: Department of
435;9-13  196;9-13 9-13 9-13 9-13 11.0;9-13  9-13 19-8;9-13  91.0; 9- Health and
years: years: years: 5.0;  years: 86; years:7.0;  years: years: 1.4;  years: 13 years: Ageing'7®
41.8; 14— 16-5; 14— 14-16 14-16 14-16 12:1; 14— 14-16 15-1; 14— 92.9; 14—
16 years 16 years years 5-0 years 89 years 8:0 16 years years 2-1 16 years 16 years
405 17-0 133 119 890
Belgium 2002-2003 Flanders preschool 2.5-6.5 661 374 275 1.0 2.0 176 11.8 NA 17.8 98.0 Lin et al.1%” 2011
dietary survey
Belgium 1999-2000 Study of toddlers 2-3 115 58-3 37-8 139 1.0 14.5 NA NA 151 98-0 Bosscher et al.1® 2002
in Antwerp
France 2006-2007 INCA-2 3-17 1455 24.2 135 53 4.4 79 14.9 36 98 83-6 AFSSA%) 2009
Germany  1992-2007 DONALD study, 7 380 49.4 NA NA NA NA 185 NA 204 88-3 Buyken et al'® 2008
Dortmund
Italy 2000-2001 Schoolchildren Mean 17 125M108F 49 NA NA NA 7 21 6 14 100 Leclercq et al"" 2004
in Rome
Spain 1998-1999 Schoolchildren in 6-7 1112 16 -7 112 NA NA 7-4 109 162 256 76-8 Royo-Bordonada 2003
four towns et al.(18°
Sweden 2003 National Survey 4 years, 1016 4 years: 46; 4 years: 21; 4 years: 4; 4 years: 10; 4 years: 9; 4 years: 7; 4 years: 1; 4 years: 21; 4 years: 94; Enghardt Barbieri 2006
Gr 2, Gr 2: 49; Gr 2: 25; Gr2:5,Gr  Gr2:6;Gr  Gr2: 11; Gr2:8,Gr Gr2:1;Gr  Gr2: 14; Gr 2: 96; et al.('%?
Gr5 Gr 5: 50 Gr 5: 28 54 5:6 Gr5:13 5: 6 5: 1 Gr 5: 10 Gr 5: 93
UK 2009-2011 National Diet and 1.5-18 1582 1.5-3 years: 1.5-3 years: 1.5-3 years: 1.5-3 years: 1.5-3 years: 1.5-3 years: NA 1.5-3 years: 1.5-3 years: Public Health 2012
Nutrition Survey 40; 4-10 15; 4-10 8; 4-10 10; 4-10 9; 4-10 16; 4-10 17; 4-10 95; 4-10 England & Food
years: 43; years: 19; years: 9; years: 10; years: 11; years: 16; years: 12; years: 99; Standards
11-18 11-18 11-18 11-18 11-18 11-18 11-18 11-18 Agency(6®
years: 41 years: 19 years: 11 years: 6 years: 14 years: 15 years: 7 years: 98
USA 2003-2006 NHANES 2-18 7332 43.8 . 441 3 69 6- 55 104 76.0 Keast et al.{"%) 2010
USA 2009-2010 NHANES 2-18 3124 334 12.8 1.2 77 NA 137 10-1 14.9 89-9 Reicks et al('®) 2014

NA, not available; INCA-2, Individual and National Study on Food Consumption 2; AFSSA, Agence Francaise de Sécurité Sanitaire des Aliments (French Agency for Food Safety); DONALD, Dortmund Nutritional and Anthropometric Longitudinally Designed; M, male;

F, female; Gr, grade; NHANES, National Health and Nutrition Examination Survey.
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Table 18. Intakes of resistant starch

Year of Age Dietary assessment Resistant starch

assessment Country  Group studied (years) Sex method intake (g/d) Reference Year

1999-2002 USA NHANES 2+ M and F 17 599 24 h recall 4.9 Murphy et al(1o" 2008

1993 Australia National Survey 18+ M and F 24h recall M 5.3, F 5.0 Baghurst et a.(1%? 1996

1991 Italy Food consumption M and F Household 85 Brighenti et al.®® 1998
survey in ltaly

NA China M and F 6382 7d record 14.9 Chen et al.'% 2010

NHANES, National Health and Nutrition Examination Survey; M, male; F, female; NA, not available.

has the disadvantage that depending on the populations included,
the amounts of dietary fibre consumed in these comparator
groups may vary greatly between studies.

All-cause mortality

In terms of all-cause mortality risk, a recent meta-analysis using
seven prospective cohort studies observed an 11 % reduction in
mortality risk for each 10g/d increment of dietary fibre con-
sumed (95% CI 0-85, 0-92)°”. When comparing the highest
(mean approximately 27 g/d) and lowest (mean approximately
15g/d) fibre intake groups, the pooled estimate indicated a
23% lower risk in the highest consumers after adjustment for
major recognised confounding variables.

Kim & Je® located fewer studies providing risk estimates for
all-cause mortality in relation to the source of dietary fibre.
However, they were able to pool the cohort-derived risk esti-
mates for cereal fibre, vegetable fibre and fruit fibre based on
the results from three, two and two studies, respectively™”.
Overall, the strongest inverse associations were observed with
increasing cereal fibre consumption (8% reduction in risk per
10 g/d), with weaker associations being observed for vegetable
and fruit sources. These results should, however, be treated
with caution for a number of reasons. First, the number of
studies included in the meta-analyses of fibre sources was very
small. Furthermore, fatality as an outcome is limited with regard
to informing about the role of diet in disease prevention since it
includes both disease incidence and subsequent survival. It is
possible that high-fibre diets may have an impact differently on
incidence and survival, since their underlying pathologies may
differ. Indeed, associations do appear to be different consider-
ing fatal and non-fatal CVD outcomes in relation to dietary fibre
intake“**_ Mortality is not an ideal outcome therefore to judge
whether a dietary exposure may make an impact on disease
prevention per se. Nonetheless, the meta-analyses of Kim &
Je®” are useful in terms of hypothesis generation and for
comparison with summary estimates of risk of specific disease
incidence in relation to dietary fibre consumption.

Cardiometabolic health

CVD. With a strong relationship with unhealthy lifestyles,
including tobacco smoking, low levels of physical activity and
poor diets, the WHO has estimated that over three-quarters of
CVD deaths may be preventable by appropriate lifestyle
change®. One such change may be adherence to a dietary
pattern encompassing a range of high-fibre foods which may
make an impact on reducing CVD risk through reduction in

org/10.1017/5095442241700004X Published online by Cambridge University Press

recognised CVD risk factors such as raised blood cholesterol,
hypertension, systemic inflammation, impaired glucose toler-
ance and elevated body fat“?. A recently published systematic
review and meta-analysis of seventeen cohort studies that
provided risk estimates for incident fatal events of CVD in
relation to intakes of total fibre and fibre sources confirmed the
association between low dietary fibre consumption and
increased risk of CVD“®. Random-effects dose—response meta-
analyses were conducted by pooling provided or derived dose—
response trends for each included cohort. The pooled estimate
of risk was then expressed for each increment of dietary fibre
based on one standard deviation of mean intakes in European
populations which, for TDF, was for each 7 g/d consumed. This
approach was undertaken for CVD events, and separately for
CHD events, and in a further publication for cerebrovascular
(stroke) events“**>_ The pooled estimates of risk are included
in Table 19, and for TDF intake indicate a reduction in risk of
these CVD events between 7 and 9% for each 7 g/d increment
consumed.

The relationship between fibre sources and risk of CVD
events was similar for total CVD outcomes, coronary, and
cerebrovascular events, notwithstanding the limited number of
studies available for certain analyses. Overall, intakes of cereal
and vegetable fibre sources, and insoluble dietary fibre were
more strongly associated with lower risk of CVD, CHD and
stroke than fruit fibre and soluble dietary fibre (see Table 19).

CVD risk factors

Hypertension/blood pressure. Two reviews of randomised
controlled trials of fibre and blood pressure were published in
2005 by Streppel et al " and Whelton et al.““”. Both described
a significant inverse relationship between fibre consumption
and blood pressure, with reductions in blood pressure by
1-2 mmHg with fibre supplementation. Greater reductions were
observed in older, more hypertensive populations. Whelton
et al“"” also described some evidence of a greater magnitude
of reduction with fruit and vegetable sources of dietary fibre
rather than grain sources, although this finding was based on a
very limited number of studies (four and nine trials, respec-
tively). More recently, randomised controlled trials with blood
pressure outcomes that were of at least of 6 weeks’ duration
were identified by Evans et al.“"®, and pooled in random-effects
meta-analyses. No overall reduction in blood pressure was
found when the results of all eighteen trials were pooled,
comparing high- and low-fibre intervention groups regardless
of dietary fibre type. However, diets rich in p-glucans were
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* Risk estimates are statistically significant, and indicate lower risk with increasing consumption.

found to reduce systolic blood pressure by 2-9mmHg and
diastolic blood pressure by 1-5 mmHg for a median difference in
B-glucans of 4 g/d.

Hyperlipidaemias. In 1999, Brown et al.*” undertook a meta-

analysis of sixty-seven trials that demonstrated a reduction of
total cholesterol by 0-047 mmol/l, and LDL-cholesterol by
0-057 mmol/l with daily consumption of fibre isolates or fibre-
enriched products containing 2-10 g of soluble fibre provided
by pectin, guar gum, psyllium and oat bran. Similar findings,
albeit using narrower trials inclusion criteria, were reported in
the evidence reviews prepared for the SACN Carbohydrate
Working Group(?’z'). Total and LDL-cholesterol were lowered by
supplementation with mixed, soluble types of dietary fibre, and
total and LDL-cholesterol and fasting TAG levels were sig-
nificantly lowered by supplementation with oats, oat bran or
B-glucan-supplemented diets. Other types of dietary fibre
supplementation did not consistently reduce blood lipids in these
trials of normolipidaemic individuals. Some of this evidence forms
the basis for the authorised health claims that certain fibre types,
including p-glucans from oats and barley, pectin, guar gum and
chitosan, may contribute to the maintenance of normal blood
cholesterol concentrations (see Table 20).

Type 2 diabetes. Some of the earliest studies of the effects of
dietary fibre on health were concerned with its modulation of
blood glucose and insulin, and as listed in Table 20, there is
sufficient evidence to support a number of authorised health
claims that certain types of dietary fibre, including arabinoxylan,
B-glucans from oats and barley, and pectins if consumed within
a meal, may contribute to the reduction of the blood glucose
rise after that meal. Furthermore, two systematic reviews of
prospective cohort studies, with dose-response meta-analyses,
of the association between dietary fibre and risk of type 2
diabetes mellitus have been published recently that indicate a
reduction in long-term risk®>>". Both used similar methodol-
ogies, though with eleven and seventeen prospective cohort
studies, respectively, and equally concluded that there is clear
evidence of diminishing risk of type 2 diabetes mellitus with
increasing consumption of TDF (approximately 6 % reduction in
risk with each additional 7 g daily consumption; see Table 19).
Similarly, both reviews reported that fibre from cereals was
associated with reduced diabetes risk. With each 7g/d con-
sumed, Threapleton et al.°® reported that risk was reduced by
21%, although there was evidence of considerable hetero-
geneity between studies. Both insoluble and soluble fibres were
separately associated with lower risk but no associations were
observed when studies reporting fibre from fruits or from
vegetables were separately examined.

Obesity (energy intake and appetite). Early studies con-
ducted by Haber et al.®?, in which eating rate and satiety were
assessed following consumption of equi-energetic loads of
whole apples, apple purée and juiced apples, highlighted the
importance of cell structure integrity, energy density and dietary
fibre meal content on appetite control. In this study, these
factors were inter-linked, but later studies have attempted to
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Table 20. Authorised health claims related to dietary fibre in the USA and in the European Union (EU)

(195)

9L1

Country

Subject of the claim

Claim

Conditions of use

Remarks

USA

USA

USA

Article 13(1)

EU

EU

EU

EU

EU

EU

EU

EU

Fibre-containing grain
products, fruits and
vegetables and risk of
cancer

Fruits, vegetables and
grain products that
contain fibre,
particularly soluble
fibre, and risk of CHD®

Soluble fibre from certain
foods and risk of CHD

Arabinoxylan produced
from wheat endosperm
and reduction of
postprandial glycaemic
responses

Barley grain fibre and
increase in faecal bulk

B-Glucans and
maintenance of normal
blood cholesterol
concentrations

B-Glucans from oats and
barley and reduction of
postprandial glycaemic
responses

Glucomannan (konjac
mannan) and
maintenance of normal
blood cholesterol
concentrations

Glucomannan (konjac
mannan) and reduction
of body weight

QOat grain fibre and
increase in faecal bulk

Pectins and reduction of
postprandial glycaemic
responses

Model claim: low-fat diets rich in fibre-containing grain
products, fruits, and vegetables may reduce the
risk of some types of cancer, a disease associated
with many factors

Model claim: diets low in saturated fat and cholesterol
and rich in fruits, vegetables, and grain products
that contain some types of dietary fibre, particularly
soluble fibre, may reduce the risk of heart disease,
a disease associated with many factors

Model claim: soluble fibre from foods such as [name
of soluble fibre source], as part of a diet low in
saturated fat and cholesterol, may reduce the risk
of heart disease. A serving of [name of food]
supplies __ grams of [the soluble fibre] necessary
per d to have this effect

Consumption of arabinoxylan as part of a meal
contributes to a reduction of the blood glucose rise
after that meal

Barley grain fibre contributes to an increase in faecal
bulk

B-Glucans contribute to the maintenance of normal
blood cholesterol levels

Consumption of -glucans from oats or barley as part
of a meal contributes to the reduction of the blood
glucose rise after that meal

Glucomannan contributes to the maintenance of
normal blood cholesterol levels

Glucomannan in the context of an energy restricted
diet contributes to weight loss

Oat grain fibre contributes to an increase in faecal
bulk

Consumption of pectins with a meal contributes to the
reduction of the blood glucose rise after that meal

The food shall meet, without fortification, the nutrient
content requirements for a ‘good source’’ of
dietary fibre, and shall be a ‘low-fat’? food

The food shall meet the requirement for a ‘low
saturated fat’®, ‘low cholesterol’®, and ‘low-fat’
food. The food shall contain, without fortification, at
least 0-6 g of soluble fibre per RACC

The food shall be a ‘low saturated fat’® and ‘low
cholesterol™ food. The food shall also be a ‘low-
fat? food, unless the food exceeds the fat content
due to fat derived from whole oats. Whole oats or
barley foods shall contain at least 0-75 g of soluble
fibre per RACC. Oatrim or barley B fibre shall
contain at least 0-75 g of B-glucan fibre per RACC.
Psyllium husk and psyllium food shall contain at
least 1.7 g of soluble fibre per RACC

The claim may be used only for food which contains
at least 8 g of arabinoxylan-rich fibre produced
from wheat endosperm (at least 60 % arabinoxylan
by weight) per 100 g of available carbohydrates in a
quantified portion as part of the meal

The claim may be used only for food which is high in
that fibre® as referred to in the claim HIGH FIBRE as
listed in the Annex to Regulation (EC) No 1924/2006

The claim may be used only for food which contains
at least 1 g of B-glucans from oats, oat bran, barley,
barley bran, or from mixtures of these sources per
quantified portion

The claim may be used only for food which contains
at least 4 g of B-glucans from oats or barley for
each 30 g of available carbohydrates in a quantified
portion as part of the meal

The claim may be used only for food which provides a
daily intake of 4 g of glucomannan

The claim may be used only for food which contains
1g of glucomannan per quantified portion

The claim may be used only for food which is high in
that fibre® as referred to in the claim HIGH FIBRE as
listed in the Annex to Regulation (EC) No 1924/2006

The claim may be used only for food which contains
109 of pectins per quantified portion

The claim is limited to foods that are or contain grain
products, fruit, and vegetables that contain dietary
fibre.

The claim does not specify types of dietary fibre that
may be related to risk of cancer

The claim is limited to those fruits, vegetables, and
grains that contain fibre.

The term ‘fibre’, ‘dietary fibre’, ‘some (types of)
dietary fibre’, ‘some (dietary) fibres’, or ‘soluble
fibre’ may be used

The claim can be used on foods containing oat bran,
rolled oats, whole oat flour, Oatrim, whole grain
barley and dry milled barley, barley B fibre, or
psyllium husk.

The claim may specify the name of the eligible
soluble fibre

Information shall be given to the consumer that the
beneficial effect is obtained by consuming the
arabinoxylan-rich fibre produced from wheat
endosperm as part of the meal

Information shall be given to the consumer that the
beneficial effect is obtained with a daily intake of
39 of B-glucans from oats, oat bran, barley, barley
bran, or from mixtures of these B-glucans

Information shall be given to the consumer that the
beneficial effect is obtained by consuming the f-
glucans from oats or barley as part of the meal

‘v 1o uaydals ‘W 'V

Information shall be given to the consumer that the
beneficial effect is obtained with a daily intake of
4 g of glucomannan. Warning of choking to be
given for individuals with swallowing difficulties or
when ingesting with inadequate fluid intake —
advice on taking with plenty of water to ensure
substance reaches stomach

Information shall be given to the consumer that the
beneficial effect is obtained with a daily intake of
3g of glucomannan in three doses of 1g each,
together with 1-2 glasses of water, before meals
and in the context of an energy-restricted diet

Information shall be given to the consumer that the
beneficial effect is obtained by consuming 10g of
pectins as part of the meal. Warning of choking to
be given for individuals with swallowing difficulties
or when ingesting with inadequate fluid intake —
advice on taking with plenty of water to ensure
substance reaches stomach
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Table 20 Continued

Country Subject of the claim Claim Conditions of use Remarks
EU Pectins and maintenance Pectins contribute to the maintenance of normal The claim may be used only for food which provides a Information shall be given to the consumer that the
of normal blood blood cholesterol levels daily intake of 6 g of pectins beneficial effect is obtained with a daily intake of
cholesterol 6g of pectins. Warning of choking to be given for
concentrations individuals with swallowing difficulties or when
ingesting with inadequate fluid intake — advice on
taking with plenty of water to ensure substance
reaches stomach
EU Resistant starch and Replacing digestible starches with resistant starch in The claim may be used only for food in which
reduction of a meal contributes to a reduction in the blood digestible starch has been replaced by resistant
postprandial glycaemic glucose rise after that meal starch so that the final content of resistant starch is
responses at least 14 % of total starch
EU Rye fibre and changes in Rye fibre contributes to normal bowel function The claim may be used only for food which is high in

bowel function

EU Wheat bran fibre and Wheat bran fibre contributes to an acceleration of
reduction in intestinal intestinal transit
transit time

EU Wheat bran fibre and Wheat bran fibre contributes to an increase in faecal

increase in faecal bulk bulk

EU Chitosan and Chitosan contributes to the maintenance of normal
maintenance of normal blood cholesterol levels
blood LDL-cholesterol
concentrations

EU Guar gum and Guar gum contributes to the maintenance of normal
maintenance of normal blood cholesterol levels
blood cholesterol
concentrations

Article 14 (1)(a)
EU Oat B-glucan and risk of  Oat B-glucan has been shown to lower/reduce blood
heart disease cholesterol. High cholesterol is a risk factor in the
development of CHD

that fibre® as referred to in the claim HIGH FIBRE
as listed in the Annex to Regulation (EC) No 1924/
2006
The claim may be used only for food which is high in Information shall be given to the consumer that the
that fibre® as referred to in the claim HIGH FIBRE  claimed effect is obtained with a daily intake of at
as listed in the Annex to Regulation (EC) No 1924/  least 10g of wheat bran fibre
2006
The claim may be used only for food which is high in
that fibre® as referred to in the claim HIGH FIBRE
as listed in the Annex to Regulation (EC) No 1924/

2006
The claim may be used only for food which provides a Information shall be given to the consumer that the
daily intake of 3 g of chitosan beneficial effect is obtained with a daily intake of

39 of chitosan

The claim may be used only for food which provides a Information shall be given to the consumer that the
daily intake of 10g of guar gum beneficial effect is obtained with a daily intake of
10 g of guar gum. Warning of choking to be given
for individuals with swallowing difficulties or when
ingesting with inadequate fluid intake — advice on
taking with plenty of water to ensure substance
reaches stomach

The claim can be used for foods which provide at Information shall be given to the consumer that the
least 1g of oat B-glucan per quantified portion beneficial effect is obtained with a daily intake of
39 of oat B-glucan

RACC, reference amounts customarily consumed.
' Provides 10-19 % of the Dietary Reference Value per RACC.

219 or less per RACC and per 509 if RACC is small; meals and main dishes: 3g or less per 100g and not more than 30 % of energy from fat.

3 1g or less per RACC and 15% or less of energy from saturated fat; meals and main dishes: 1g or less per 100g and less than 10% of energy from saturated fat.
420mg or less per RACC and per 509 of food if RACC is small; meals and main dishes: 20mg or less per 100g.

5 Please notice: in the Federal Regulation it is specified that a claim on dietary fibre and CVD is not authorised.

8 Provides at least 6 g of fibre per 100g or at least 3g of fibre per 100 kcal (418kdJ).
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determine the influence of dose, source, fibre type and mode of
delivery of dietary fibre (whole foods, foods enriched with
dietary fibre and fibre isolated from the cell matrix) on appetite
control and body weight management. Despite some evidence
of biologically plausible mechanisms for a reduction in appetite
with consumption of certain types of dietary fibre, one recent
systematic review exploring the effects of fibre on energy intake
and subjective appetite ratings has concluded that collectively,
acute studies comparing dietary fibre interventions with a
lower- or no-fibre control show limited effects of fibre®?.
However, in the region of 22-39% of interventions found evi-
dence of either reduced energy or food intake or motivational
ratings. These studies utilised p-glucan, lupin kernel fibre, rye
bran, whole grain rye, or a mixed high-fibre diet.

Wanders et al.°% also conducted a thorough systematic
review of dietary fibre intervention studies assessing appetite,
acute and long-term energy intake or body weight, with inter-
ventions grouped according to chemical structure and physi-
cochemical properties (viscosity, solubility and fermentability).
Overall, they reported that the effects of fibre interventions
were relatively small (average reduction in energy intake and
body weight was 0-15MJ/d, and 0-4% per 4 weeks, respec-
tively) and there was little evidence of any dose-response
relationships. They observed a disparity in the relative effects of
different types of dietary fibre on short- and long-term out-
comes (energy intake and body weight). In the longer-term
studies, arabinoxylan-rich fibres (mainly from grains), fructans
and RS were most strongly linked to reduced energy intake,
although in acute studies the most potent types were pectins
and most glucans. In terms of impact on body-weight reduction,
yet further different types of dietary fibre were most potent
(chitosan, dextrin and marine polysaccharides). However, more
viscous types of fibre (such as guar gum, pB-glucan and pectin)
were associated with reduced appetite more often than non-
viscous fibres.

Very few intervention studies have been conducted
employing a whole-diet approach, most having a functional
food approach, with exploration of dietary fibre types through
the use of fibre isolates delivered as supplements or incorpo-
rated into specific food vehicles. Given the wide variability in
physicochemical properties of such isolates, the variation in
dose employed and extent of mixing of the fibre to energy
sources in the rest of the diet, it is therefore not surprising that
the majority of studies have failed to demonstrate a marked
impact on energy intake and/or body weight. It is difficult to
translate the action of specific fibre isolates into guidance
around which sources of fibre may be most effective for
appetite management or weight control.

Observational evidence for the effects of different sources or
types of dietary fibre on body weight management is rather
limited and inconsistent in terms of strength of association. In
participants of the Finnish Diabetes Prevention Study®”, mean
weight losses and waist reduction over 3 years of follow-up
were greater with increasing intakes of dietary fibre in a clear
step-wise manner. However, the impact of different sources of
dietary fibre was not described. There is some evidence from
pooled data from five EPIC centres that individuals with higher
total and grain fibre intakes experienced smaller annual weight
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gains(%). Over the 6-5-year follow-up, for each 10g greater

intake of total fibre, weight gain was less by 39 g/year in the 89
000+ European participants. This apparently small annual
improvement may potentially contribute to significantly greater
lifetime weight stability in higher fibre consumers. For grain
sources of dietary fibre, the association was somewhat stronger
at —77g/year for each additional g consumed. This body
weight-related association was not observed for fruit or vege-
table sources of dietary fibre, but total and all sources of fibre
were associated with lower annual waist circumference gains.

Gastrointestinal health

Constipation and faecal weight. Constipation is one of the
most common gastrointestinal complaints in Europe, with esti-
mates of prevalence ranging from 5 to 35% of the general
population depending on the definition criteria used®”. Defi-
nitions generally encompass aspects of defecation frequency
with or without measures of stool consistency®”. Although the
causes of constipation are variable, including consequences of
diseases, medication effects, increasing age and lifestyle aspects
including dietary habits and physical activity, dietary fibre plays
a clear role in maintaining gastrointestinal health through
increasing faecal weight.

In 2007, Elia & Cummings”® summarised the results of 150
separate studies published between 1932 and 1992 on the
effects of various types and sources of dietary fibre on faecal
weight in humans. The summary results, expressed as the
weighted mean increase in stool weight per g of fibre fed,
indicate the greatest increase in faecal weight with raw wheat
bran, which for each 1g consumed, increases wet stool
weight by 7-2g. Cooked wheat bran is somewhat less effective
(4-4 g/g), as were other cereal sources (oats 3-4 g/g and maize
2.9 g/9)%? Fruit and vegetable sources were also very effective
at increasing faecal weight (6 g/g), but soya and other legume
fibre and pectin feeding generated the smallest increases
(15 and 1-3 g/g, respectively)®”. Some of this evidence forms
the basis for the authorised health claims listed in Table 9 for
increasing faecal bulk.

Despite long-standing evidence of an impact of dietary fibre on
faecal weight, reports of an association between dietary fibre and
risk of constipation are sparse and inconsistent®*°?. Yang
et al°Y undertook a meta-analysis of five good-quality rando-
mised controlled trials that compared the effects of dietary fibre
interventions with placebo in patients with constipation. Three of
the included randomised controlled trials used glucomannan, one
wheat bran, and one cocoa husk. One of the five studies was on
adults, the others on children. The studies were therefore rather
heterogeneous in nature. Despite this, results indicated an
increased bowel movement frequency per week in the fibre-
treated group compared with the placebo group (OR 1-19;
P<0-05), with no significant heterogeneity among the studies.
The authors concluded that dietary fibre intake can increase stool
frequency in patients with constipation. The evidence for an
impact of dietary fibre on stool consistency, treatment success,
laxative use and painful defecation is limited, and inconsistent.

A small number of observational studies have explored the
relationship between dietary fibre and bowel frequency or risk of
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constipation. A cross-sectional studym" of more than 20 000 men

and women from EPIC-Oxford reported that NSP intake was
significantly associated with having seven or more bowel move-
ments per week, the OR being 1-43 for women who consumed
>20-9g/d compared with those who consumed <11-3g/d.
However, there was no further analysis of the sources of dietary
fibre©?. Using detailed dietary data from more than 10 000
middle-aged women in the UK Women’s Cohort Study, and
follow-up information on stool frequency and consistency, Alre-
faai et al®® observed a 40-50% reduction in the odds of con-
stipation in women in the highest NSP intake quintile compared
with the lowest. Further exploration of the association between
constipation and sources of dietary fibre in this prospective
follow-up analysis found that constipation odds were significantly
lower with increasing consumption of all sources of dietary fibre
(cereal, fruit, vegetable and legume), using a constipation defi-
nition based on faecal frequency. When employing a definition
based on both frequency and consistency, however, the odds for
constipation were statistically lower only for vegetable sources of
fibre (OR 0-42; P<0-01) when comparing the highest consumers
with the lowest.

Diverticular disease. Diverticular disease occurs when small
pouches (diverticula) develop in the wall of the large bowel at
points of weakness, caused by excessive intra-luminal pressure.
These diverticula may become inflamed, may bleed and, in
complicated cases, form abscesses, fistula,
obstruction, peritonitis and septicaemia. Diverticular disease
was one of the first conditions that Painter & Burkitt®” high-
lighted in the 1970s as being potentially linked to low dietary
fibre consumption. A relatively small number of cohort studies
have subsequently explored the relationship between dietary
fibre intakes and risk of diverticular disease; these have con-
sistently found evidence of a lower incidence with higher total
fibre consumption®™”. In the most recent analysis conducted
using participants of the UK-based Million Women study,
Crowe et al.” reported a 25 % lower risk of diverticular disease
in women consuming 18-6 g/d compared with the women in
the lowest consumption quintile (9-5g/d or less). In this and
other cohort studies, there have also been indications of
difference in risk according to source of dietary fibre. After
adjustment for other sources of dietary fibre, Crowe et al. found
the greatest reductions in risk with dietary fibre derived from
cereal and fruit sources (per 5 g/d increment, relative risk (RR)
0-84, and 0-81, respectively), but no association with non-
potato, vegetable fibre (RR 1-03) and an increased risk with
potato fibre (RR 1-04)°”.

cause bowel

Oesophageal cancer. Dietary fibre has been suggested as a
potentially protective dietary component with regard to cancer
of the oesophagus due to its likely role in the prevention of
obesity and amelioration of symptoms of gastro-oesophageal
reflux. Coleman et al®® undertook a systematic review and
meta-analysis of the relationship between dietary fibre and the
risk of precancerous lesions and cancer of the oesophagus.
Using eight case—control studies, the pooled estimate of risk
indicated a significant inverse association with the highest TDF
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intakes (OR 0-66). Just two studies explored fibre from
specific food groups and the risk of oesophageal adenocarci-
noma. Whilst vegetable and cereal fibre sources tended to be
inversely associated with risk, no consistent associations
were observed with fruit fibre sources. However, overall, too
few studies provided data on the food groups contributing to
dietary fibre intakes to permit conclusions to be drawn.

Gastric cancer. Zhang et al.‘® recently explored whether TDF,

or source and type of fibre is associated with risk of gastric
cancer by pooling the risk estimates from two prospective
cohort and twenty-four case—control studies®”. With each
study design, there was an inverse association with dietary fibre
intake, though the size of effect was greater for the case—control
studies (OR 0-53) than cohort (RR 0-89) when comparing the
highest with the lowest intake categories. In the comparisons by
source of dietary fibre, the pooled OR of four to six studies were
all inverse and statistically significant (for cereal fibre, 0-58; for
fruit fibre, 0-67; for vegetable fibre, 0-72). The OR for insoluble
and soluble types of fibre were similar (0-42 and 0-41,
respectively).

Colorectal adenomas and colorectal cancer. The WCRF
report”® on updated evidence for colorectal cancer was pub-
lished in 2011, and the resultant meta-analysis for the relation-
ship between incident colorectal cancer risk and TDF intake
included fifteen prospective cohort studies. For each 10 g/d of
TDF consumed, the risk of colorectal cancer was decreased by
10 %. This led to the conclusion that the evidence is convincing
that high-fibre-containing foods decrease the risk of colorectal
cancer. Sources of fibre in relation to risk of colorectal cancer
risk were also explored in ten cohort studies, and whilst the
summary risk estimates for all sources (cereal, fruit, vegetable)
tended to be lower with increased consumption, only in the
case of cereal fibre was this statistically significant (summary RR
0-90). For whole grains there was a 21% decreased risk per
three servings per d for colorectal cancer and 16% decreased
risk for colon cancer.

More recently, and since the publication of the meta-analysis
by Aune et al’V, the results from EPIC on the relationship
between total and fibre sources and risk of colorectal cancer
have been published”?. After 11 years of follow-up, in which
more than 4000 cases occurred, a 13 % reduction in risk for each
10 g/d increment consumed was observed. With regard to the
source of dietary fibre, similar reductions in colon cancer risk
were found for cereal, fruit and vegetable fibre. However, for
rectal cancer the associations were statistically significant only
for cereal sources of dietary fibre.

With regard to the relationship between dietary fibre con-
sumption and development of colorectal cancer precursor
lesions, Ben et al.”* undertook a random-effects meta-analysis
of twenty case—control studies that reported the risk of color-
ectal adenoma incidence in relation to total fibre, fruit, vege-
table and cereal sources of dietary fibre. The summary relative
risks were broadly supportive of the findings for colorectal
cancer risk, although the evidence base was more limited and
was dominated by case—control, rather than prospective cohort,
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studies. The summary RR of colorectal adenoma were
0-84 for fruit fibre (six studies), 0-93 for vegetable fibre
(six studies), and 0-76 for cereal fibre (nine studies) in analyses
comparing the highest v. lowest intake groups. Thus, whilst
there is apparent benefit in consuming a high-fibre diet
generally with regard to reduction in risk of colorectal cancer
and its precursors, cereal sources of dietary fibre seem to be
particularly beneficial compared with fruit and vegetable
sources.

Neoplastic diseases other than gastrointestinal tract

Breast cancer. According to the WCRF Second Expert Report®”,

the relationship between dietary variables and risk of
postmenopausal breast cancer, other than the well-recognised
positive association with adiposity and alcohol, is generally rather
variable and weak. However, in a subsequent publication
prepared by members of the WCRF continuous update project
team, prospective cohort study results published up to August 2011
were pooled, permitting the synthesis of results from sixteen
studies”?. This revealed an inverse association between dietary
fibre intake and breast cancer risk (in the dose-response analysis, a
5% reduction in risk for each 10 g/d of dietary fibre consumed) and
some apparent differential influence of the sources of dietary fibre
on extent of risk reduction (see Table 19). The summary relative
risks for all sources of dietary fibre were less than unity, but were
not individually statistically significant. Soluble dietary fibre was
associated with a lower summary risk estimate for each 10g/d
consumed (RR 0-74).

Endometrial cancer. Tt has long been recognised that dietary
habits are associated with risk of endometrial cancer, with
strong evidence that obesity is a major risk factor”. Less
research has been conducted on the role that dietary fibre
consumption may play, despite the fact that it may modulate
insulinaemia and insulin resistance and reduce the risk of type 2
diabetes, all of which are aetiologically implicated in endo-
metrial cancer””®. However, results from 288 428 women in the
EPIC cohort'””, which identified 710 incident cases diagnosed
during a mean 6-4 years of follow-up, suggested no association
between TDF consumption and endometrial cancer risk. Data
on sources of dietary fibre were not reported. In 2007, Bandera
et al”® also undertook a synthesis of the epidemiological
studies available at that time. Their dose-response meta-
analysis of seven case—control studies contrasted with the
results from EPIC, and the other prospective cohort study
identified in that review’”. The summary pooled estimate was
indicative of a reduction in risk with increasing TDF con-
sumption (RR 0-82, per 5 g/1000 kcal (4184 kJ)). Whilst some of
these individual studies reported associations for specific
sources or types of dietary fibre, overall the results were too
few, and too inconsistent to permit any conclusions about
whether associations vary by fibre source or type.

Prostate cancer. To date, there are few links between the
incidence of prostate cancer and dietary variables, and limited
exploration of the relationship between dietary fibre con-
sumption and risk of the disease. The WCRF Second Expert
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Report, published in 2007, located just one cohort study and
eighteen case—control studies, with no evidence of association
in the majority of the studies, and inconsistencies in direction of
association.

Pancreatic cancer. In the WCRF Second Expert Report, pub-
lished in 2007°”, only two case—control studies were identified
that described the association between sources of dietary fibre
and risk of pancreatic cancer. A meta-analysis was not con-
ducted and the inconsistent results from these two studies that
were conducted in the USA and Canada did not indicate a clear
impact of dietary fibre source on risk®#",

Ovarian cancer. The WCRF/American Institute for Cancer
Research (AICR) Continuous Update Project systematic review of
the Associations between Food, Nutrition and Physical Activity
and the Risk of Ovarian Cancer, which was published in 2013®%,
provided a dose—response pooled estimate of the risk of incident
ovarian cancer in relation to TDF intake. Three cohort studies,
with 566 cases overall, were included in a random-effects meta-
analysis, with no evidence of heterogeneity between the studies.
The pooled estimate for each 5g/d increment of TDF was 0-94,
indicating no association. However, the number of included stu-
dies was very small and the overall number of cases rather low.
Accordingly, the WCRF panel judged that the evidence was lim-
ited and that no conclusion could be drawn on the strength of
causality of the association®. No meta-analyses of dietary fibre
source were reported here or elsewhere.

Renal cancer. Kidney cancer (which is mainly renal cell carci-
noma) is among the 10th most common presenting cancers in the
Western world, with suspected lifestyle and dietary aetiology®>5?.
Relatively few studies have addressed potential associations with
dietary fibre consumption, but a recent review by Huang et al.®>
synthesised the evidence from two cohort and five case—control
studies in a meta-analysis. When comparing highest against lowest
dietary fibre consumers, the pooled estimate of risk for renal
cell carcinoma indicated a lowering of risk in the highest TDF
consumers, with also some differential associations according
to source of dietary fibre (greatest risk reductions for fibre
from legume and vegetable sources, rather than grains or fruit).
However, using a dose—response meta-analysis approach, the
authors were unable to report any evidence of diminishing risk
with increasing intakes of dietary fibre. This points to the need for
further, large prospective cohort studies to explore potential links
between dietary habits and kidney cancer.

Summary of evidence linking total dietary fibre
consumption and fibre sources to cardiometabolic disease
and risk factors

Multiple prospective cohort studies have provided evidence
that individuals consuming diets rich in dietary fibre have a
lower risk of CVD, including both CHD and cerebrovascular
disease outcomes. Pooled risk estimates derived from
meta-analyses indicate that for each additional 7 g dietary fibre
consumed, the risk of CVD is reduced by about 7-9%. With
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regard to the strength of association for major sources of dietary
fibre, there is consistent evidence of a reduction in risk of
CVD with grain sources, some evidence for a reduction with
vegetable sources, but little suggestion that fruit sources are
associated with reduced risk. Too few studies have explored the
association with legume sources to permit conclusions to be
drawn. With regard to risk of type 2 diabetes incidence, as with
CVD risk, the evidence is most conclusive for a reduction in risk
with grain sources, rather than fruit or vegetable sources.

There are multiple potential mechanisms through which sources
of dietary fibre may make an impact on CVD risk, and data from
intervention studies have provided evidence of effects via impact
on CVD risk factors, including reduction in blood pressure and
blood lipids. However, the majority of trials exploring CVD risk
factors have utilised dietary fibre isolates, such as gums, brans and
other fibre extracts rather than investigating the effects of food
sources per se. Obesity is a well-recognised risk factor for increasing
risk of CVD; however, despite some evidence of increased satiety
with consumption of certain viscous types of dietary fibre, there is a
lack of definitive evidence that particular sources of dietary fibre
make an impact differentially on energy intake or body weight,
at least in the short term. Longer-term observational studies are
supportive of a greater impact of grain sources of dietary fibre
rather than fruit and vegetable sources, but as with all observational
study associations there remains uncertainty around whether the
links exist due to associated lifestyle correlates, such as greater
levels of physical activity or another property of the high fibre
sources such as displacement of high-energy foods.

Summary of the evidence on total dietary fibre and sources
of fibre on gastrointestinal health

Human feeding studies indicate that fruit, vegetable and grain
sources are all effective at increasing faecal weight, with the
greatest benefits being achieved from grain and vegetable
sources. Data on constipation risk or alleviation of symptoms of
constipation are more sparse, but generally supportive of the
feeding trials which found that vegetable sources of fibre have a
strong impact on faecal weight. In terms of gastrointestinal tract
disease, diverticular disease risk appears to be lower in high
fibre consumers generally, and particularly in those obtaining
fibre from grain and fruit sources. With regard to cancers of the
gastrointestinal tract, the evidence base is strongest for cancers
of the colon and rectum, and here there is evidence suggestive
of a causal association with both total and particularly grain
sources of dietary fibre, the latter particularly so for cancers of
the rectum and for the precursor lesion, colorectal adenoma.
Fewer prospective cohort studies have been conducted on
the risk of oesophageal and gastric cancers, but there is some
evidence of a lower risk of these neoplastic diseases in higher
total fibre consumers and some indication that grain and
vegetable sources of dietary fibre are beneficial.

Summary of the evidence on total dietary fibre, sources of
fibre and neoplastic disease of non-gastrointestinal sites

Overall, the evidence relating dietary fibre and fibre sources to
the risk of neoplastic diseases at sites other than the
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gastrointestinal tract is weak. This is because generally fewer
studies have been conducted, and meta-analyses are therefore
based on smaller numbers of studies and often include both
prospective cohort as well as case—control studies, with the
inherent risk of respondent bias in dietary reporting. Results are
generally less consistent or based on too few studies on which
to base an opinion. However, there does seem to be some
evidence of a lower risk of breast cancer with increasing TDF
consumption, but little evidence of a substantially greater risk
reduction by source or type of dietary fibre.

Discussion

This project set out to provide the current state of knowledge
about the definitions, sources, recommendations, intakes and
health effects of dietary fibre around Europe. Overall, through
much searching of national websites and Government pub-
lications, as well as the refereed published literature, a com-
prehensive overview of the state of fibre knowledge has been
acquired, which may be of use to researchers or authorities
looking to review or revise guidelines on dietary fibre in their
respective countries or overall in Europe. A recent review of
health effects of carbohydrates published by the SACN in the
UK®? has been particularly helpful for summarising the situa-
tion regarding health effects and this plus the WCRF report from
2007, plus updates, dispensed with the need to carry out a
review of the original literature of the relationships between
fibre and health. Other aspects of the review, however, required
considerable searching of websites and contact with authorities
to find up-to-date information about definitions and analyses
used, recommendations, health claims,
national surveys. The work has been a joint effort of all the
authors, each undertaking a different aspect of the review and
analysis.

In terms of definitions, there is now substantial agreement
throughout the world to include within the dietary fibre
definition, intrinsic and non-digestible carbohydrates from fruit,
vegetables, cereals and tubers and non-digestible compounds
associated with cell walls and quantified by most accepted
analytical methods, as well as non-digestible carbohydrates
obtained by synthesis or modified by enzymic, chemical
or physical means when scientific evidence of beneficial
physiological effects on health is provided. There is still
discussion about whether or not to include RO (non-digestible)
of degree of polymerisation 3-11, intrinsic to plant foods
or obtained by extraction, synthesis or modified by enzymic,
chemical or physical means. While perfect uniformity would
be desirable, this is a step forward from earlier decades
when the definition of dietary fibre occupied many hours of
debate at scientific conferences and extensive commentary in
the literature.

Depending on their degree of polymerisation, chemical
composition and linkages, dietary fibre sources have varying
physicochemical characteristics, such as solubility and viscosity
and physiological properties, including fermentability, bulking
effects, blood glucose-lowering and blood lipid-modifying
effects which can explain their beneficial impacts on health.
However, there remain huge gaps in our knowledge about the

and intakes from
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relationships between the chemical and physical characteristics
of dietary fibre types and their physiological properties to be
able to explain their effects on disease risk. In other words, the
mechanistic links between the chemistry and physical nature of
fibre and the subsequent impacts on health remain under-
explored and there is a great need to fill these gaps in our
understanding. There is also a need for adequate characterisa-
tion (qualitative and quantitative) in food composition data-
bases of all fibre sources used in nutrition research. This would
allow correct estimates of fibre intakes, so recommendations
about types of fibre to consume could be based on much firmer
evidence than is currently possible.

Throughout Europe the recommendation for total fibre intake
is about 3-4 g/M]J per d, corresponding to 25-32 g/d for adult
women and 30-35 g/d for adult men, and less for children and
elderly depending on age. Most countries have developed their
recommendations on an amount per MJ and extrapolated
to g/d. This is partly due to the reasoning used in developing
the recommendations in terms of the disease entities con-
sidered. Some have used CHD as the main disease examined,
while other countries, most specifically the UK, developed their
recommendation on the effect on colonic function which is
unrelated to energy intake and hence the amount recom-
mended does not vary with energy intake nor by sex. As
mentioned by the EFSA Panel on Dietetic Products, Nutrition
and Allergies(g(’), a fibre intake of 25 g/d would be adequate for
normal laxation in adults (and 2 g/MJ in children) whereas more
than 25 g/d would be necessary to reduce risk of CHD, type 2
diabetes and improved weight maintenance. Fibre recommen-
dations based on energy intake result in larger amounts needed
by young males compared with females and lesser amounts for
older adults who consume less energy, but this may or may not
be appropriate. A clear challenge to a recommendation based on
energy can be seen in the requirements in older age where more
fibre may be needed to compensate for impaired gastrointestinal
function with age. Some examination of the recommendations
based on energy intake is therefore warranted and is further
emphasised by the fact that in most countries fibre intakes did not
reach the recommended average intakes and in many cases were
a long way distant. This is particularly the case where the
recommendation is high because of the energy intake it accom-
panies. It has also been found in some surveys where multiple
age groups have been studied that intakes of dietary fibre match
the recommendations more closely in some age groups and this
may simply be because energy intakes are lower in that group. It
may therefore be worthwhile to re-examine fibre recommenda-
tions set as a function of energy and in particular recommenda-
tions for older age.

No recommendations were found for intake of specific fibre
types in any countries. However, approved health claims on
fibre-containing foods in the EU would suggest that an intake of
the naturally occurring p-glucans from oats and barley of 3 g/d,
wheat fibre/arabinoxylan of 10g/d, pectin of 6g/d, and RS
replacing 14 % of total starch could be recommended. How-
ever, these amounts would largely be difficult to achieve
through foods with naturally occurring fibre content. What also
needs to be taken into consideration is that the health claims
permitted for several materials are for the same physiological
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effect or health benefit. Such is the case for 4 g glucomannan
per d, 3 g chitosan per d, and 10 g guar gum per d — and hence
they need not each be eaten daily or a combination at lower
doses should suffice. Evidence of the benefits of these various
types could be incorporated into more detailed health advice
for dietary fibre consumption from foods, but again this is dif-
ficult without the links between chemistry, physical properties
and physiological effects.

Very few data on intakes of types of fibre were located from
the surveys and studies examined. Only epidemiological studies
using FFQ report intakes of soluble and insoluble fibre but this
method of assessment of intake is more prone to measurement
error than detailed methods and hence was not considered in
the intakes examined for this review. The subdivision into
soluble and insoluble fibre also has many difficulties, such as
methodological variation and lack of consistent association
between physiological effects and solubility and has received
minimal acceptance as a useful measure. Other physical char-
acteristics, such as viscosity, are difficult to measure and
unsuitable for mixed sources of fibre, as in common foods. As a
result, and in the absence of a reliable and universally accepted
measure to subdivide fibre into different types, food sources
that provide the fibre have been used to obtain estimates of
fibre quality.

A number of surveys have reported the contribution from the
major sources of dietary fibre in the diet. Unfortunately, these
are not all directly comparable with different foods in different
categories in different countries. Some uniformity exists and
hence some general statements about quality can be made.
Grain products provide the largest proportion of fibre in the diet
for all countries studied, with bread by far the largest grain
source, with smaller contributions from breakfast cereals, pasta
and biscuits and pastries. Vegetables, potatoes and fruits also
contribute substantially, but these vary more widely from
country to country, depending on climate and cultural norms.
Recommendations about types of fibre to consume are there-
fore difficult as ‘not one size fits all’, with some foods more
likely to be consumed in some countries compared with others.
What is needed are recommendations with alternatives which
provide similar fibre quality, based on physiological properties
such as fermentability or SCFA pattern when fermented, or
physicochemical effects in the small intestine, and their effect
on type 2 diabetes mellitus and cardiometabolic health, to
enable a more uniform set of recommendations which could
cover many countries with differing dietary habits. With such
limited information about types of fibre and their comparative
physical properties and physiological effects, however, such a
scheme is currently not possible.

Without a subdivision of fibre by chemical or physiological
characteristics, recommendations based on type are best indi-
cated by examination of food sources, both in terms of those
consumed by high fibre consumers and those shown to be
related to improved health outcomes and reduced disease risk.
One way to examine this is to explore differences in sources of
fibre between those who consume adequate fibre and meet the
recommendations v. those who do not. In studies from Ireland,
it has been found that those who meet the fibre recommen-
dation in absolute terms, that is in g/d, tend to consume more
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food overall than those who do not®”. This confirms the sug-
gestion that guidance to reduce energy intake for obesity con-
cerns is likely to result in reduced fibre intake, and emphasises
the need for increased energy expenditure to enable not only
higher energy intakes but higher intakes of other necessary
nutrients, such as fibre. In another analysis from the same group,
in a survey of Irish teenagers, it was also found that consumption
of most foods containing fibre was higher in those meeting the
recommendation, but more so fruit and vegetables, rather than
staples like potatoes, which appear to have a daily limit in con-
sumption®. It is surprising that more analysis of this type has not
been done, that is examination of the diets of those who actually
reach recommendations in various countries and it would be very
extremely helpful in providing insights into how recommended
intakes might be achieved.

Considering the evidence on associations between dietary
fibre, dietary fibre sources and disease outcomes, it is apparent
that although there are benefits from consumption of all sources
of fibre, associations and degree of protection conferred are
generally greater for grains. Grain sources of fibre are not all
equivalent, however, and there are marked differences in com-
position between wheat, rye, oat and rice and this may explain
some of the heterogeneity between studies and for those con-
ducted in different parts of the world with different grain con-
sumption patterns. Some of this apparent benefit may, however,
be an artifact of methodological aspects of dietary assessment
such as potentially less measurement error for grains than for fruit
and vegetables or the quantitatively greater amounts consumed
compared with other fibre sources. There is a need for more
evidence on legume sources of dietary fibre and health outcomes.
Intervention studies suggest that legume fibre may have an
impact on short-term health outcomes including glycaemia and
blood lipids, but there is less evidence available of long-term
association of legume-based diets with health, perhaps because of
low consumption levels or inadequacies of dietary assessment
methods to capture these small amounts.

In summary, there is now a fair degree of uniformity in the
definition of dietary fibre, the method used for analysis, the
recommended amount to be consumed and a growing literature
on the effects of fibre and food sources of fibre on digestive
health and disease risk. However, intakes do not reach
recommendations and there remains little detailed guidance on
the types of fibre that are preferable and the types of foods that
should be eaten to achieve the recommended intake and have
the beneficial health outcomes that fibre is purported to bring
about. More detailed advice about the food sources of fibre that
should be consumed is needed and efforts should be made to
provide the public with such advice. This paper has provided a
number of areas where further work may provide additional
information to enable such guidance to be given. In particular,
in-depth analysis of dietary intakes to understand how those
who meet recommendations do so would be extremely useful
to aid public health guidance to increase fibre intake.
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