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Abstract: Dietary fibre is a generic term describing non-absorbed plant carbohydrates and small
amounts of associated non-carbohydrate components. The main contributors of fibre to the diet
are the cell walls of plant tissues, which are supramolecular polymer networks containing variable
proportions of cellulose, hemicelluloses, pectic substances, and non-carbohydrate components, such
as lignin. Other contributors of fibre are the intracellular storage oligosaccharides, such as fructans.
A distinction needs to be made between intrinsic sources of dietary fibre and purified forms of
fibre, given that the three-dimensional matrix of the plant cell wall confers benefits beyond fibre
isolates. Movement through the digestive tract modifies the cell wall structure and may affect
the interactions with the colonic microbes (e.g., small intestinally non-absorbed carbohydrates
are broken down by bacteria to short-chain fatty acids, absorbed by colonocytes). These aspects,
combined with the fibre associated components (e.g., micronutrients, polyphenols, phytosterols,
and phytoestrogens), may contribute to the health outcomes seen with the consumption of dietary
fibre. Therefore, where possible, processing should minimise the degradation of the plant cell wall
structures to preserve some of its benefits. Food labelling should include dietary fibre values and
distinguish between intrinsic and added fibre. Labelling may also help achieve the recommended
intake of 14 g/1000 kcal/day.
Keywords: dietary fibre; labelling; carbohydrate quality; ICQC; consensus

1. Introduction
Conceptually, dietary fibre is a generic term describing non-absorbed plant carbohydrates and
relatively small amounts of associated non-carbohydrate components (e.g., phenolic compounds,
waxes, and proteins) that are not digested by endogenous enzymes or absorbed in the human small
intestine [1,2]. Some forms of dietary fibre are digested by intestinal bacterial enzymes and utilised
as substrates for growth and metabolism. The main contributors of fibre to the diet are the cell
walls of plant tissues, which are supramolecular polymer networks containing variable proportions
of cellulose, hemicelluloses, pectic substances, and the non-carbohydrate components, such as the
phenolic compound lignin (Figure 1). Other sources of fibre in the diet include fructans (e.g., inulins),
which are not part of the plant cell walls but are synthesised and stored in the cell vacuole [3,4].
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2. Definitions
There is still disagreement about the definition of dietary fibre and how this very complex array
of plant materials should be analysed. Current definitions are typically based around descriptions
provided by national and international bodies for food standards, such as CODEX Alimentarius,
and have focused on fibre being the non-digested and/or non-absorbed fraction of food carbohydrates
derived from plants [7–11]. Dietary fibre definitions around the world have been summarised (10),
and countries adopting the CODEX definition include Australia, Canada, China, the European Union,
Malaysia, New Zealand, and the USA, among others. The US Food and Drug Administration issued a
position paper in 2018 on what constitutes dietary fibre for food labelling purposes [11].
It may be useful to distinguish between dietary fibre, as plant cell walls (the main source of fibre)
that are part of the plant food matrix, and fibre supplements that are added to food products for a
specific physiological/health outcome (e.g., laxation, cholesterol-lowering, and prebiotic activity) [5].
The term natural fibre may be better described as dietary fibre that is intrinsically part of the cell wall
material in edible plants such as fruits, vegetables, cereals, nuts, pulses, and even seaweed in some
diets (from now on defined as intrinsic fibre). The intrinsic fibre may be modified when processed
commercially and/or domestically and may not have the same physiological and metabolic effects of
the original intrinsic fibre. These include the purified fibres derived from cereals (e.g., mixed-linkage
β-glucans from barley and oats, among others). Some commercially available types of fibre are
semi-synthetic, such as hydroxypropyl methylcellulose, which is a chemically modified cellulose.
These may also be called novel types of dietary fibre in certain countries (e.g., Canada).
Another distinction seen in the literature is insoluble versus soluble fractions of fibre, which are
classified by chemical analysis but not based on their functional behaviour in vivo [5]. These fractions
are based on early attempts to classify fibre according to their dissolution properties in aqueous
media in the laboratory. There are different chemical methods used for determining dietary fibre
(e.g., the gravimetric AOAC method and GC analysis of non-starch polysaccharides) and values do vary
significantly, as do the values for ‘soluble’ and ‘insoluble’ fractions. These broad classifications continue
to be used in nutrition and public health literature, despite their limited use in providing information
about functional properties in the gut, and their specific effects on metabolism. Solubility and viscosity
are terms often used interchangeably to describe the same type of fibre; however, a soluble fibre that
dissolves in aqueous media may not be viscous. Water-soluble types of fibre have the ability to lower
fasting blood cholesterol and postprandial glycaemia [12]. These metabolic effects are linked to the
capacity of soluble fibre to increase digesta viscosity and slow down the digestion of starch and other
macronutrients. The viscosity-enhancing property of a soluble fibre is highly dependent on its polymer
concentration and molecular weight, assuming it has solubilised in the gut.
3. Health Benefits
Dietary fibre can modify gastrointestinal function from the mouth to the anus. The specific
physiological effects depend, crucially, on the physico-chemical properties of individual plant
polysaccharides and oligosaccharides, and also on the structural integrity of fibre as cell walls,
which is an important part of the architecture of the plant tissue [5]. These effects may include
increasing or decreasing salivation, luminal viscosity, the gastric emptying rate, nutrient digestion and
absorption, transit time, faecal bulking, laxation, fermentation, colonic pH, microbiota amount and
composition, and binding of mucus, enzymes, bile acids and other metabolites, which may also be
bioactive [13].
Beyond the gut, the established metabolic effects include the lowering of blood cholesterol and
postprandial blood glucose, and fasting blood glucose in patients with diabetes [12]. In particular, these
effects have been observed with isolated viscous fibres, such as psyllium, mixed-linkage β-glucans, guar
gum (galactomannan), glucomannan, and pectic polysaccharides [14]. Another plant isolate, inulin-type
fructans, though non-viscous, can lower fasting glucose and insulin and fasting LDL-cholesterol while
increasing HDL-cholesterol in patients with diabetes, and to a lesser extent in overweight and obese
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persons [15]. A manufactured low-viscosity, digestion-resistant maltodextrin also lowers postprandial
and fasting blood glucose from drinks and solid foods [16]. The molecular weight of the extracted
viscous polysaccharide influences the effectiveness of the metabolic responses [9]. These observations
implicate fibre as capable of modifying metabolism. Moreover, fibre-rich sources of edible plants—such
as pulses, nuts, barley, oats, and some vegetables and fruits—have been shown to improve long-term
control of established cardio-metabolic risk factors, i.e., blood lipids, blood glucose, blood pressure,
and body weight. Many of these beneficial health effects have been attributed to the presence of fibre
in these foods.
Prospective cohort studies have reported inverse associations between total dietary fibre intake
and body weight, risk of type 2 diabetes, cardiovascular disease, stroke, some types of cancer,
and total mortality. These associations have been shown with fibre intake from grains, legumes,
nuts, fruit, and vegetables. The associations are independent of the dietary glycaemic index and
glycaemic load, the effects of which are additive, at least for reducing the risk of diabetes from both
observational and interventional studies [17,18]. However, despite the intensive research on nutritional
epidemiology, many questions on the role of fibre in disease remain unanswered, and the contribution
of associated substances to causality has been difficult to prove. Thus, the associations with fibre seen
in epidemiological studies may be partially due to associated components, such as some amino acids,
unsaturated fat, minerals, vitamins, and some phytochemicals, such as polyphenols, phytosterols,
and phytoestrogens. In nutrition, a distinction needs to be made between intrinsic sources of dietary
fibre and purified or chemically/physically modified forms of fibre, given that the three-dimensional
(3D) matrix of the plant cell wall confers benefits above fibre isolates. This is because cell walls, and the
3D matrix of the plant cell walls, affect the functional properties of ‘fibre’ impacting on the digestibility
of the cell contents [5]. This may be part of the reason for the strong benefits seen in wheat fibre in
cohort studies, despite the lack of effect seen in the short-term clinical trials for cardiovascular risk
factors [19–22]. In randomised controlled trials comparing refined and wholegrain cereal foods, when
the particle size of the fibre is made too small, the plant cell wall integrity and tissue architecture may be
lost. When tissue and the cell wall 3D matrix are sufficiently intact, it can lead to nutrients being slowly
absorbed or even not absorbed. For example, cereal foods with a substantially intact tissue structure
can also contribute starch as a source of a slowly and/or non-digestible food carbohydrate [23–25].
Fibre in wholefoods, isolates, and modified forms can be sources of substrate for micro-organisms
in the large intestine, affecting the amount and species composition of the microbiota and their
collective functional capacity to improve the health of the gut and other organs via modulation of the
immune system, production of bioactive metabolites (e.g., short-chain fatty acids), and the reduction of
intracolonic pH, with beneficial effects on the colonic mucosa and blood lipid levels [26].
At the population level, we suggest replacing some animal foods, and high glycaemic index
foods containing refined starches and sugars, with slowly digestible carbohydrate foods with a low
glycaemic index that are rich in fibre. This would have a favourable impact on glycaemic control and,
hence, diabetes, cardio-metabolic risk, and possibly some diabetes-related cancers [27]. Minimising
the degradation of the plant cell wall structures and tissue architecture is important where slow
digestibility of macronutrients, such as starch, is required for the production of healthy foods, and also
in the development of low glycaemic index foods. These issues are important, especially in some parts
of the world with a high risk of cardio-metabolic disease, where dietary fibre intake tends to be below
the recommended intake levels. However, it is recognised that in foods where mineral bioavailability
needs to be increased, the rupture of the cell walls may provide a way to improve mineral status,
e.g., a higher iron bioavailability through the micro-milling of wheat aleurone [28].
Much research is still required to fully understand the physiological and nutritional effects of
dietary fibre. We need to further understand the interaction of fibre with the microbiota, and we
also need to understand more about the structure, physico-chemical properties, and composition of
dietary fibre. Additionally, we require an improved mechanistic insight into how the components
associated with dietary fibre interact with fibre, and the impact on metabolic outcomes. Furthermore,
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an improved understanding is required on the role played by the 3D architecture of dietary fibre on
nutrient release (i.e., bioaccessibility), fermentability by gut bacteria, prebiotic activity, and the roles
these have in human health. When these are better elucidated, there will be a need to communicate to
food producers, consumers, and health professionals on how to make better food choices [5].
Certain types of dietary fibre affect the amount and composition of microbiota, which has been
studied mostly in regard to fermentative micro-organisms in the large intestine. Inulins, found in
plants like chicory root and galacto-oligosaccharides, present in or from milk, are prime examples
of non-digestible carbohydrate or dietary fibres that, among others, behave as prebiotics [29–31].
A prebiotic was recently defined by consensus as “a substrate that is selectively utilised by host
micro-organisms conferring a health benefit” [32]. Putative health benefits include the inhibition
of pathogens reaching the large intestine, immune stimulation, improved cardiometabolic status,
improved mental health, and support to bone mineralisation, among others [32]. More long-term
randomized controlled trials are needed to establish causality, which appears promising, though
prebiotic effects may not be seen in everyone, especially in persons already in good health or having
a sufficient amount and composition of beneficial micro-organisms. Moreover, not all dietary fibres
are prebiotic, but the effect prebiotic fibre has can depend on the amount of other dietary fibre that is
consumed [33].
Many chemical/enzyme methods exist for analysing dietary fibre, but those used for labelling
are often different from those used in food composition tables. Current analytical methods reflect
a heterogeneous mix of chemical entities, with no information on any subspecies of fibre or any
information on the structural characteristics of the fibre present. One example of how dietary fibre
is measured is by using the AOAC enzyme-gravimetric method, which is intended to simulate
the physiological conditions of digestion, and measures all the components of fibre, as currently
defined by CODEX Alimentarius. This kind of analysis is limited when being used to interpret
mechanistic data on the functional properties of cell walls, individual cell wall polysaccharides and
storage oligosaccharides. More informative methods, notably dissolution kinetics, molecular weight of
individual polysaccharides, and cell wall porosity are urgently required for characterising dietary fibre
in nutritional and epidemiological studies, if food sources of dietary fibre for health are to be optimised.
4. Recommendations to the Public and to Health Professionals
It is generally agreed that dietary fibre is an important part of a sustainable, balanced, healthy
diet [34]. Consumption of dietary fibre is below the recommended intake levels for optimal health in
many parts of the world and may be decreasing. We recommend maintaining or increasing dietary
fibre intake to the recommended levels.
We support the Institute of Medicine recommendations for the total dietary fibre of 14 g/1000 kcal/day.
We suggest that this should mainly come from intrinsic dietary fibre. Data from cohort studies with
intakes beyond this amount are limited, but many traditional societies consume larger amounts and have
a lower risk of chronic diseases.
5. Recommendations to the Food Industry
The food industry plays an important role in developing new food ingredients and products
that have public health benefits and are also highly palatable. In developing new high-fibre foods,
the sensory characteristics are important and will strongly influence whether people consume them.
At the same time, if these do not have nutritional benefits then such products would be of little
nutritional value, regardless of how technologically innovative they may be. It is important to recognise
that increasing the fibre content on the food label does not guarantee any enhanced nutritional benefits
in a product.
Recommendations to the food industry would depend on the reasons why particular types of fibre
are being added, and how they are processed, given that mechanical and hydrothermal processing
can affect their properties. For example, in wheat grain there is an advantage in preserving some
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of the structural integrity of the cell walls of the starch-rich endosperm, in order to produce flour
that is digested more slowly and has a beneficial impact on postprandial glycaemia (23). However, if
the health outcome is to improve the iron bioavailability in wheat, then there may be advantages to
micro-milling (rupturing) the aleurone cell layer, which has a high iron concentration (28). In producing
foods for the general population, the first example would be the most appropriate recommendation
while, for populations with nutritional deficiencies, the second recommendation may preferentially
apply. Therefore, we generally encourage the food industry to preserve many of the benefits of
dietary fibre rich foods by minimising the degradation of the plant cell wall structures and tissue
architecture, while maintaining palatability, except in situations of special dietary requirements and
specific physiological or clinical outcomes (e.g., the use of prebiotic oligosaccharides and viscous
polysaccharides).
Currently, labelling the dietary fibre content of foods in certain countries around the world,
including Europe, is not mandatory. This represents a problem for consumers, researchers, and medical
staff dealing with patient diets. We support the mandatory use of fibre on food labels.
Labelling should distinguish between fibre that is endogenous to foods and that added as a
functional supplement because synthetic or purified fibre will not be accompanied by the micronutrients
and phytochemicals in foods and, thus, may not predict the same health outcomes. Functional (or other)
supplemental fibre, where permitted, should be listed separately among ingredients. The labelling of
dietary fibres could be of the form “FIBRE N g PER 100 g, of which X g is SUPPLEMENTAL”.
6. Conclusions
Dietary fibre and its associated non-carbohydrate components have been inversely associated
with disease outcomes. Food labelling should include dietary fibre, and distinguish between intrinsic
and purified added fibre, given that the intact plant cell wall may confer benefits beyond fibre isolates.
The labelling of dietary fibre may also help to achieve the recommended intake of 14 g/1000 kcal/day
for health benefits. To extend these recommendations, further studies on the interrelation of dietary
fibre, prebiotics, and health, which aim to optimise both the health potential of foods and related
food processing methods, are advised. This would include how the structures and the 3D matrix,
composition, and physico-chemical properties of dietary fibre affect digestion, gastrointestinal function,
and the role of the microbiome.
Author Contributions: All authors have made contributions to the statements and various drafts and read and
approved the final manuscript. All authors have read and agreed to the published version of the manuscript.
Funding: No funding was received for this consensus statement. The dietary fibre consensus meeting was
held as part of the 4th International Carbohydrate Quality Consortium (ICQC) Meeting, Palinuro, Italy, Sept
12–13, 2019, which was funded through unrestricted educational grants from Abbott, Arla Foods, Barilla, Beneo
Institute, General Mills, Global Pulse Confederation, Inquis Clinical Research, International Pasta Organization,
Nestle’ Research and Development, Pulse Canada, McCain, and Quaker. The meeting was co-organized by the
Toronto 3D Knowledge Synthesis and Clinical Trials foundation, Nutrition Foundation of Italy, and the Glycemic
Index Foundation.
Conflicts of Interest: L.S.A.A. is a founding member of the International Carbohydrate Quality Consortium (ICQC)
and has received honoraria from the Nutrition Foundation of Italy (NFI), research grants from LILT (a non-profit
organization for the fight against cancer) and in-kind research support from Abiogen Pharma, the Almond Board
of California (USA), Barilla (Italy), Consorzio Mandorle di Avola (Italy), DietaDoc (Italy), Ello Frutta (Italy),
Panificio Giacomo Luongo (Italy), Perrotta (Italy), Roberto Alimentare (Italy), SunRice (Australia). A.A. is a project
director at the Novo Nordisk Foundation, responsible for prevention of childhood obesity. He is in the Scientific
Advisory Board/Consultant/Board of Directors of Gelesis, USA; Ferrero, Italy; Groupe Éthique et Santé, France;
International Egg Commission/Danske Æg, Denmark; McCain Foods Limited, USA; Novo Nordisk, Denmark;
Rituals, USA; and Weight Watchers, USA. A.W.B. is consultant at the University of Sydney and is Honorary
Associate of the Glycemic Index Foundation, Allied Pinnacle, Beneo, and Nestle, and has authored/co-authored 5
books about dietary carbohydrate and diabetes. J.C.B.-M. is a co-author of books about the glycemic index of
foods. She is President of the GI Foundation Limited, a non-profit company that administers the Australian ‘GI
Symbol’ program and oversees the Sydney University Glycemic Index Research Service (SUGiRS), a non-profit GI
testing facility for the food industry. She has received honoraria for speaking engagements on the glycemic index
of foods. F.B.: declares no ownership or other investments-including shares-in commercial activities, intellectual

Nutrients 2020, 12, 2553

8 of 11

property rights and consultancy/advice to private stakeholders. He served as Deputy-Chancellor for Research at
the University of Parma from 2013 to 2017 and as representative of University of Parma of the Steering Board of
ASTER, an in-house Public Research organization owned by Regione Emilia Romagna and research institutions
of the region. Both positions involved coordination of activities with a large number of companies in order to
attract European founds and develop Research and Innovation in the Emilia Romagna region. From 2011 to
2016 he served as legal representative (President) of the Italian Nutrition Society SINU–a not-for- profit scientific
society. Associates to SINU include companies operating in the fields of nutrition, body composition, nutrition
software, meal distribution and food production. Since 2017 he has been a Member of the Board of the Federation
of European Nutrition Societies (FENS). He is the spouse of Silvia Valtuena Martinez, MD, PhD, a Scientific Officer
at the NDA Unit of the European Food Safety Authority, the agency of the European Union (EU) that provides
independent scientific advice and communicates on existing and emerging risks associated with the food chain.
A.E.B.: Member of the ILSI Europe Expert Group ‘Carbohydrates based recommendations as a basis for public
dietary guidelines’ (coordinated by the Dietary Carbohydrates Task Force). Member of the Executive Committee
of the German Nutrition Society (Guidelines Committee ‘Carbohydrate intake and prevention of nutrition-related
diseases’, Guidelines Committee ‘Protein intake and prevention of nutrition-related diseases’, Head Section
“Public Health Nutrition”). A.C.: is in the advisory board for BD (Beckton Dikinson), Eli Lilly, Mundipharma;
gave lectures sponsored by Astra Zeneca, Berlin Chemie, Boehringer Ingelheim, Eli Lilly, Mundipharma, Novo
Nordisk and Roche Diagnostics; and received research grants from Mitsubishi. P.R.E.: some of his almond
studies were funded by the Almond Board of California. M.-A.H.: Director of East Anglia Food. J.C.H.: his
Clinical Nutrition Research Centre conducts food and nutrition research for several companies including Beneo,
Roquette, Tate and Lyle, Wilmar and Nestle. D.J.A.J.: has received research grants from Saskatchewan & Alberta
Pulse Growers Associations, the Agricultural Bioproducts Innovation Program through the Pulse Research
Network, the Advanced Foods and Material Network, Loblaw Companies Ltd., Unilever Canada and Netherlands,
Barilla, the Almond Board of California, Agriculture and Agri-food Canada, Pulse Canada, Kellogg’s Company,
Canada, Quaker Oats, Canada, Procter & Gamble Technical Centre Ltd., Bayer Consumer Care, Springfield, NJ,
Pepsi/Quaker, International Nut & Dried Fruit (INC), Soy Foods Association of North America, the Coca-Cola
Company (investigator initiated, unrestricted grant), Solae, Haine Celestial, the Sanitarium Company, Orafti,
the International Tree Nut Council Nutrition Research and Education Foundation, the Peanut Institute, Soy
Nutrition Institute (SNI), the Canola and Flax Councils of Canada, the Calorie Control Council, the Canadian
Institutes of Health Research (CIHR), the Canada Foundation for Innovation (CFI)and the Ontario Research Fund
(ORF). He has received in-kind supplies for trials as a research support from the Almond board of California,
Walnut Council of California, American Peanut Council, Barilla, Unilever, Unico, Primo, Loblaw Companies,
Quaker (Pepsico), Pristine Gourmet, Bunge Limited, Kellogg Canada, WhiteWave Foods. He has been on the
speaker’s panel, served on the scientific advisory board and/or received travel support and/or honoraria from
the Almond Board of California, Canadian Agriculture Policy Institute, Loblaw Companies Ltd, the Griffin
Hospital (for the development of the NuVal scoring system), the Coca-Cola Company, EPICURE, Danone, Diet
Quality Photo Navigation (DQPN), Better Therapeutics (FareWell), Verywell, True Health Initiative (THI), Heali
AI Corp, Institute of Food Technologists (IFT), Soy Nutrition Institute (SNI), Herbalife Nutrition Institute (HNI),
Saskatchewan & Alberta Pulse Growers Associations, Sanitarium Company, Orafti, the American Peanut Council,
the International Tree Nut Council Nutrition Research and Education Foundation, the Peanut Institute, Herbalife
International, Pacific Health Laboratories, Nutritional Fundamentals for Health (NFH), Barilla, Metagenics, Bayer
Consumer Care, Unilever Canada and Netherlands, Solae, Kellogg, Quaker Oats, Procter & Gamble, Abbott
Laboratories, Dean Foods, the California Strawberry Commission, Haine Celestial, PepsiCo, the Alpro Foundation,
Pioneer Hi-Bred International, DuPont Nutrition and Health, Spherix Consulting and WhiteWave Foods, the
Advanced Foods and Material Network, the Canola and Flax Councils of Canada, Agri-Culture and Agri-Food
Canada, the Canadian Agri-Food Policy Institute, Pulse Canada, the Soy Foods Association of North America, the
Nutrition Foundation of Italy (NFI), Nutra-Source Diagnostics, the McDougall Program, the Toronto Knowledge
Translation Group (St. Michael’s Hospital), the Canadian College of Naturopathic Medicine, The Hospital for
Sick Children, the Canadian Nutrition Society (CNS), the American Society of Nutrition (ASN), Arizona State
University, Paolo Sorbini Foundation and the Institute of Nutrition, Metabolism and Diabetes. He received an
honorarium from the United States Department of Agriculture to present the 2013 W.O. Atwater Memorial Lecture.
He received the 2013 Award for Excellence in Research from the International Nut and Dried Fruit Council.
He received funding and travel support from the Canadian Society of Endocrinology and Metabolism to produce
mini cases for the Canadian Diabetes Association (CDA). He is a member of the International Carbohydrate
Quality Consortium (ICQC). His wife, Alexandra L Jenkins, is a director and partner of INQUIS Clinical Research
for the Food Industry, his 2 daughters, Wendy Jenkins and Amy Jenkins, have published a vegetarian book that
promotes the use of the foods described here, The Portfolio Diet for Cardiovascular Risk Reduction (Academic
Press/Elsevier 2020 ISBN:978-0-12-810510-8)and his sister, Caroline Brydson, received funding through a grant
from the St. Michael’s Hospital Foundation to develop a cookbook for one of his studies. C.W.C.K.: has received
grants/research support from Advanced Food Materials Network, Agriculture and Agri-Foods Canada (AAFC),
Almond Board of California, Barilla, Canadian Institutes of Health Research (CIHR), Canola Council of Canada,
International Nut and Dried Fruit Council, International Tree Nut Council Research and Education Foundation,
Loblaw Brands Ltd, National Dried Fruit Trade Association, Pulse Canada, and Unilever; in-kind research support
from the Almond Board of California, the American Peanut Council, Barilla, the California Walnut Commission,
Danone, Kellogg Canada, Loblaw Companies, Nutrartis, Quaker (Pepsico), Primo, Unico, Unilever and Upfield;
travel support/honoraria from the American Peanut Council, the International Nut and Dried Fruit Council, the
International Pasta Organization, Lantmannen, Oldways Preservation Trust, and the Peanut Institute. He has

Nutrients 2020, 12, 2553

9 of 11

served on the scientific advisory board for the International Pasta Organization, McCormick Science Institute,
Oldways Preservation Trust. He is a member of the International Carbohydrate Quality Consortium (ICQC),
Executive Board Member of the Diabetes and Nutrition Study Group (DNSG) of the European Association for the
Study of Diabetes (EASD), is on the Clinical Practice Guidelines Expert Committee for Nutrition Therapy of the
EASD and is a Director of the Toronto 3D Knowledge Synthesis and Clinical Trials foundation. C.L.V.: serves on
the scientific board of the ISA (International Sweeteners Association) and has received grants from Soremartec.
S.L.: has received consulting payments and honoraria for scientific presentations or reviews at numerous venues,
including but not limited to Barilla, Johns Hopkins University, Fred Hutchinson Cancer Center, Harvard University,
University of Buffalo, Guang Dong General Hospital and Academy of Medical Sciences, and the National Institutes
of Health. He is also a member of the Data Safety and Monitoring Board for a trial of pulmonary hypertension
in diabetes patients at Massachusetts General Hospital. He receives royalties from UpToDate. Liu receives an
honorarium from the American Society of Nutrition for his duties as Associate Editor. G.L.: holds shares in
Independent Nutrition Logic Ltd., a consultancy. He and his wife have benefitted from research grants, travel
funding, consultant fees, and honoraria from the American Association for the Advancement of Science (USA),
the All Party Parliamentary Group for Diabetes (London, UK), Almond Board of California (USA), BENEO GmbH
(DE), Biotechnology and Biosciences Research Council (UK), British Nutrition Foundation(UK), Calorie Control
Council (USA), Cantox (CA), Colloides Naturel International (FR), Coca Cola (UK), Danisco (UK & Singapore),
Diabetes Nutrition Study Group (EASD, EU), DiabetesUK (UK), Elsevier Inc. (USA), European Commission (EU),
European Polyol Association (Brussels), Eureka (UK), Food and Agricultural Organization (Rome), Granules India
(Ind), General Mills (USA), Health Canada (CA), Institute of Food Research (UK), International Carbohydrate
Quality Consortium (CA), Institute of Medicine (Washington, DC), International Life Sciences Institute (EU
& USA), Life Sciences Research Office, FASEB (USA), Nutrition Society of Australia, Knights Fitness (UK),
Leatherhead Food Research (UK), LitghterLife (UK), Matsutani (JPN), Medical Research Council (UK), MSL
Group (UK), Porter Novelli (UK), Sudzuker (DE), Sugar Nutrition/WSRO (UK), Tate & Lyle (UK), The Food Group
(USA),WeightWatchers (UK),Wiley-Blackwell (UK).World Health Organization (Geneva). He is a member of
the EASD Nutrition Guidelines Committee. PA: is the President of the Nutrition Foundation of Italy (NFI) a
non-profit organization partially supported by Italian and non-Italian Food Companies. J.S.-S.: serves on the
board of (and receives grant support through his institution from) the International Nut and Dried Fruit Council
and the Eroski Foundation. He also serves on the Executive Committee of the Instituto Danone, Spain, and on the
Scientific Committee of the Danone International Institute. He has received research support from the Patrimonio
Comunal Olivarero, Spain, and Borges S.A., Spain. He receives consulting fees or travel expenses from Danone,
the Eroski Foundation, the Instituto Danone, Spain, and Abbot Laboratories. J.L.S.: has received research support
from the Canadian Foundation for Innovation, Ontario Research Fund, Province of Ontario Ministry of Research
and Innovation and Science, Canadian Institutes of health Research (CIHR), Diabetes Canada, PSI Foundation,
Banting and Best Diabetes Centre (BBDC), American Society for Nutrition (ASN), INC International Nut and
Dried Fruit Council Foundation, National Dried Fruit Trade Association, National Honey Board, International Life
Sciences Institute (ILSI), The Tate and Lyle Nutritional Research Fund at the University of Toronto, The Glycemic
Control and Cardiovascular Disease in Type 2 Diabetes Fund at the University of Toronto (a fund established by
the Alberta Pulse Growers), and the Nutrition Trialists Fund at the University of Toronto (a fund established by
an inaugural donation from the Calorie Control Council). He has received in-kind food donations to support
a randomized controlled trial from the Almond Board of California, California Walnut Commission, American
Peanut Council, Barilla, Unilever, Upfield, Unico/Primo, Loblaw Companies, Quaker, Kellogg Canada, WhiteWave
Foods, and Nutrartis. He has received travel support, speaker fees and/or honoraria from Diabetes Canada, Dairy
Farmers of Canada, FoodMinds LLC, International Sweeteners Association, Nestlé, Pulse Canada, Canadian
Society for Endocrinology and Metabolism (CSEM), GI Foundation, Abbott, Biofortis, ASN, Northern Ontario
School of Medicine, INC Nutrition Research & Education Foundation, European Food Safety Authority (EFSA),
Comité Européen des Fabricants de Sucre (CEFS), and Physicians Committee for Responsible Medicine. He has
or has had ad hoc consulting arrangements with Perkins Coie LLP, Tate & Lyle, Wirtschaftliche Vereinigung
Zucker e.V., and Inquis Clinical Research. He is a member of the European Fruit Juice Association Scientific
Expert Panel and Soy Nutrition Institute (SNI) Scientific Advisory Committee. He is on the Clinical Practice
Guidelines Expert Committees of Diabetes Canada, European Association for the study of Diabetes (EASD),
Canadian Cardiovascular Society (CCS), and Obesity Canada. He serves or has served as an unpaid scientific
advisor for the Food, Nutrition, and Safety Program (FNSP) and the Technical Committee on Carbohydrates of
ILSI North America. He is a member of the International Carbohydrate Quality Consortium (ICQC), Executive
Board Member of the Diabetes and Nutrition Study Group (DNSG) of the EASD, and Director of the Toronto 3D
Knowledge Synthesis and Clinical Trials foundation. His wife is an employee of AB InBev. T.M.S.W.: he and his
wife are part owners and employees of INQUIS Clinical Research, Ltd. (formerly GI Labs), a contract research
organization in Toronto, Canada. He has authored or co-authored several books on the glycemic index for which
has received royalties from Philippa Sandall Publishing Services and CABI Publishers. He has received research
support, consultant fees or honoraria from or served on the scientific advisory board for Canadian Institutes of
Health Research, Canadian Diabetes Association, Dairy Farmers of Canada, Agriculture Agri-Food Canada, Public
Health Agency of Canada, GI Labs, GI Testing, Abbott, Proctor and Gamble, Mars Foods, McCain Foods, Bunge,
Temasek Polytechnic Singapore, Northwestern University, Royal Society of London, Glycemic Index Symbol
program, CreaNutrition AG, McMaster University, University of Manitoba, University of Alberta, Canadian
Society for Nutritional Sciences, National Sports and Conditioning Association, Faculty of Public Health and
Nutrition and Autonomous University of Nuevo Leon, Diabetes and Nutrition Study Group of the European
Association for the Study of Diabetes (EASD). All other authors declare no conflict of interest.

Nutrients 2020, 12, 2553

10 of 11

References
1.
2.
3.
4.
5.

6.
7.
8.

9.

10.
11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

Burkitt, D.P.; Trowell, H.C. Refined Carbohydrate Food and Disease; Academic Press: London, UK, 1975.
Trowell, H.C.; Burkitt, D.P. The development of the concept of dietary fibre. Mol. Asp. Med. 1987, 9,
7–15. [CrossRef]
Ha, M.A.; Jarvis, M.C.; Mann, J.I. A definition for dietary fibre. Eur. J. Clin. Nutr. 2000, 54, 861–864.
[CrossRef] [PubMed]
Jarvis, M.C. Plant cell walls: Supramolecular assemblies. Food Hydrocoll. 2011, 25, 257–262. [CrossRef]
Grundy, M.M.; Edwards, C.H.; Mackie, A.R.; Gidley, M.J.; Butterworth, P.J.; Ellis, P.R. Re-evaluation of the
mechanisms of dietary fibre and implications for macronutrient bioaccessibility, digestion and postprandial
metabolism. Br. J. Nutr. 2016, 116, 816–833. [CrossRef] [PubMed]
Rastall, R.F.; Javier Moreno, F.J.; Hernandez-Hernandez, O. Dietary carbohydrate digestibility and metabolic
effects in human health. Front. Nutr. 2019. [CrossRef] [PubMed]
Food Standards Australia. Available online: http://www.foodstandards.gov.au/code/applications/Documents/
A277%20IR(FULL).pdf (accessed on 21 August 2020).
FAO. Food and Agriculture Organization of the United Nations, Codex Alimentarius Commission FAO/WHO
Distribution of the Report of the 30th Session of the Codex Committee on Nutrition and Foods for Special Dietary Uses;
(ALINORM 09/32/26); FAO: Rome, Italy, 2009.
Scientific Advisory Committee on Nutrition (SACN) 2015. Carbohydrates and Health; London TSO, TSO
Norwich NR3 1GN, UK. Available online: https://www.gov.uk/government/publications/sacn-carbohydratesand-health-report (accessed on 21 August 2020).
Jones, J.M. CODEX-aligned dietary fiber definitions help to bridge the ‘fiber gap’. Nutr. J. 2014,
13, 34. [CrossRef]
FDA. 2018. The Declaration of Certain Isolated or Synthetic Non-Digestible Carbohydrates as Dietary Fiber
on Nutrition and Supplement Facts Labels: Guidance for Industry. Available online: https://www.fda.gov/
media/113663/download (accessed on 21 August 2020).
Jenkins, D.J.; Kendall, C.W.; Axelsen, M.; Augustin, L.S.; Vuksan, V. Viscous and nonviscous fibres,
nonabsorbable and low glycaemic index carbohydrates, blood lipids and coronary heart disease.
Curr. Opin. Lipidol. 2000, 11, 49–56. [CrossRef]
Capuano, E. The behavior of dietary fiber in the gastrointestinal tract determines its physiological effect.
Crit. Rev. Food Sci. Nutr. 2017, 57, 3543–3564. [CrossRef]
Jenkins, D.J.; Wolever, T.M.; Leeds, A.R.; Gassull, M.A.; Haisman, P.; Dilawari, J.; Goff, D.V.; Metz, G.L.;
Alberti, K.G. Dietary fibres, fibre analogues, and glucose tolerance: Importance of viscosity. Br. Med. J. 1978,
1, 1392–1394. [CrossRef]
Liu, F.; Prabhakar, M.; Ju, J.; Long, H.; Zhou, H.W. Effect of inulin-type fructans on blood lipid profile and
glucose level: A systematic review and meta-analysis of randomized controlled trials. Eur. J. Clin. Nutr.
2017, 71, 9–20. [CrossRef]
Livesey, G.; Tagami, H. Interventions to lower the glycemic response to carbohydrate foods with a
low-viscosity fiber (resistant maltodextrin): Meta-analysis of randomized controlled trials. Am. J. Clin. Nutr.
2009, 89, 114–125. [CrossRef] [PubMed]
Livesey, G.; Taylor, R.; Hulshof, T.; Howlett, J. Glycemic response and health a systematic review and
meta-analysis: Relations between dietary glycemic properties and health outcomes. Am. J. Clin. Nutr. 2008,
87, 258S–268S. [CrossRef] [PubMed]
Salmeron, J.; Manson, J.E.; Stampfer, M.J.; Colditz, G.A.; Wing, A.L.; Willett, W.C. Dietary fiber,
glycemic load, and risk of non-insulin-dependent diabetes mellitus in women. JAMA 1997, 277, 472–477.
[CrossRef] [PubMed]
Hu, Y.; Ding, M.; Sampson, L.; Willett, W.C.; Manson, J.E.; Wang, M.; Rosner, B.; Hu, F.B.; Sun, Q. Intake of
whole grain foods and risk of type 2 diabetes: Results from three prospective cohort studies. BMJ 2020, 370,
m2206. [CrossRef] [PubMed]
Jenkins, D.J.; Kendall, C.W.; Augustin, L.S.; Martini, M.C.; Axelsen, M.; Faulkner, D.; Vidgen, E.; Parker, T.;
Lau, H.; Connelly, P.W.; et al. Effect of wheat bran on glycemic control and risk factors for cardiovascular
disease in type 2 diabetes. Diabetes Care 2002, 25, 1522–1528. [CrossRef]

Nutrients 2020, 12, 2553

21.

22.

23.

24.

25.

26.

27.

28.
29.
30.
31.
32.

33.
34.

11 of 11

Jenkins, D.J.; Kendall, C.W.; McKeown-Eyssen, G.; Josse, R.G.; Silverberg, J.; Booth, G.L.; Vidgen, E.;
Josse, A.R.; Nguyen, T.H.; Corrigan, S.; et al. Effect of a low-glycemic index or a high-cereal fiber diet on type
2 diabetes: A randomized trial. JAMA 2008, 300, 2742–2753. [CrossRef]
Jenkins, D.J.; Jones, P.J.; Lamarche, B.; Kendall, C.W.; Faulkner, D.; Cermakova, L.; Gigleux, I.; Ramprasath, V.;
de Souza, R.; Ireland, C.; et al. Effect of a dietary portfolio of cholesterol-lowering foods given at 2 levels of
intensity of dietary advice on serum lipids in hyperlipidemia: A randomized controlled trial. JAMA 2011,
306, 831–839. [CrossRef]
Edwards, C.H.; Grundy, M.M.L.; Grassby, T.; Vasilopoulou, D.; Frost, G.S.; Butterworth, P.J.; Berry, S.E.E.;
Sanderson, J.; Ellis, P.R. Manipulation of starch bioaccessibility in wheat endosperm to regulate starch
digestion, postprandial glycemia, insulinemia, and gut hormone responses: A randomized controlled trial in
healthy ileostomy participants. Am. J. Clin. Nutr. 2015, 102, 791–800. [CrossRef]
Livesey, G.; Wilkinson, J.A.; Roe, M.; Faulks, R.; Clark, S.; Brown, J.C.; Kennedy, H.; Elia, M. Influence of the
physical form of barley grain on the digestion of its starch in the human small intestine and implications for
health. Am. J. Clin. Nutr. 1995, 61, 75–81. [CrossRef]
Jenkins, D.J.; Wesson, V.; Wolever, T.M.; Jenkins, A.L.; Kalmusky, J.; Guidici, S.; Csima, A.; Josse, R.G.;
Wong, G.S. Wholemeal versus wholegrain breads: Proportion of whole or cracked grain and the glycaemic
response. BMJ 1988, 297, 958–960. [CrossRef]
Wolever, T.M.; Schrade, K.B.; Vogt, J.A.; Tsihlias, E.B.; McBurney, M.I. Do colonic short-chain fatty acids
contribute to the long-term adaptation of blood lipids in subjects with type 2 diabetes consuming a high-fiber
diet? Am. J. Clin. Nutr. 2002, 75, 1023–1030. [CrossRef]
Augustin, L.S.; Kendall, C.W.; Jenkins, D.J.; Willett, W.C.; Astrup, A.; Barclay, A.W.; Björck, I.; Brand-Miller, J.C.;
Brighenti, F.; Buyken, A.E.; et al. Glycemic index, glycemic load and glycemic response: An International
Scientific Consensus Summit from the International Carbohydrate Quality Consortium (ICQC). Nutr. Metab.
Cardiovasc. Dis. 2015, 25, 795–815. [CrossRef]
Aslam, M.F.; Ellis, P.; Berry, S.E.; Latunde-Dada, G.O.; Sharp, P.A. Enhancing mineral bioavailability from
cereals: Current strategies and future perspectives. Nutr. Bull. 2018, 43, 184–188. [CrossRef] [PubMed]
Delcour, J.A.; Aman, P.; Courtin, C.M.; Hamaker, B.R.; Verbeke, K. Prebiotics, Fermentable Dietary Fiber, and
Health Claims. Adv. Nutr. 2016, 7, 1–4. [CrossRef] [PubMed]
Mills, S.; Stanton, C.; Lane, J.A.; Smith, G.J.; Ross, R.P. Precision Nutrition and the Microbiome, Part I: Current
State of the Science. Nutrients 2019, 11, 923. [CrossRef] [PubMed]
Mills, S.; Lane, J.A.; Smith, G.J.; Grimaldi, K.A.; Ross, R.P.; Stanton, C. Precision Nutrition and the Microbiome
Part II: Potential Opportunities and Pathways to Commercialisation. Nutrients 2019, 11, 1468. [CrossRef]
Gibson, G.R.; Hutkins, R.; Sanders, M.E.; Prescott, S.L.; Reimer, R.A.; Salminen, S.J.; Scott, K.; Stanton, C.;
Swanson, K.S.; Cani, P.D.; et al. Expert consensus document: The International Scientific Association for
Probiotics and Prebiotics (ISAPP) consensus statement on the definition and scope of prebiotics. Nat. Rev.
Gastroenterol. Hepatol. 2017, 14, 491–502. [CrossRef]
Holscher, H.D. Dietary fiber and prebiotics and the gastrointestinal microbiota. Gut Microbes 2017, 8,
172–184. [CrossRef]
Willett, W.C.; Rockström, J.; Loken, B.; Springmann, M.; Lang, T.; Vermeulen, S.; Garnett, T.; Tilman, D.;
DeClerck, F.; Wood, A.; et al. Food in the Anthropocene: The EAT-Lancet Commission on healthy diets from
sustainable food systems. Lancet 2019, 393, 447–492. [CrossRef]
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

