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PROGRAM 

 

 

WEDNESDAY, MARCH 26, 2014  

 

8:00 am Welcome  

David Klurfeld, USDA 

 

8:10 - 9:30 am Session 1. ASN Activity Update - Cereal Fiber, Mixtures of Whole Grains and 

Bran, and Whole Grains and Risk Reductions of Chronic Diseases  
Chair: David Klurfeld  

 

Paper1. Obesity aspect  

David Klurfeld; USDA-ARS, Beltsville, MD, USA 

 

Paper 2. Heart disease aspect  

Lu Qi; Harvard School of Public Health, Boston, MA, USA 

 

Paper 3. Type 2 diabetes aspect  

David Klurfeld
1
 and Susan Cho

2
; 

1
USDA-ARS, Beltsville, MD; 

2
NutraSource, 

Clarksville, MD, USA 

 

Discussion 

 

 

9:30 - 9:50 am  Coffee Break 

 

 

9:50 - 11:30 am Session 2. Prebiotic Fibers 

Sponsored by Beneo 

Chairs: Raylene Reimer and Anke Sentko  

 

Paper1. Snapshots: What’s new on prebiotic fibers 

Stephan Theis, Beneo, Belgium 

 

Paper 2. Prebiotic modulation of the gut microbiota: Is this a health benefit?  

Bob Rastall, The University of Reading, Whiteknights, Reading, UK 

 

Paper 3. Colonic bacterial metabolism in health and disease – with a focus on 

prebiotic inulin-type fructans 

Kristin Verbeke, University Hospitals Leuven, Leuven, Belgium 

 

Paper 4.  Prebiotic fiber and energy intake: implications for managing body weight. 

Raylene Reimer, University of Calgary, Calgary, Alberta, Canada 

 

 

11:30 - 11:50 am Special Lecture 

Maureen Storey, Alliance for Potato Research and Education  

 

 

11:50 am-12:50 pm   Lunch  

 Sponsored by Alliance for Potato Research and Education  
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12:50 - 2:30 pm Session 3. Can Fibers Added to Foods Provide Physiological Benefits that are 

Similar to Intact Fibers? 

Sponsored by Tate and Lyle  

Chairs:  Julie Miller Jones and Lisa Spence 

 

Introduction: Julie Miller Jones, Department of Food Science and Nutrition, St. 

Catherine University, MN, USA  

 

Paper 1. Benefits of soluble fibers on gut health and their relative tolerance 

George Fahey, Department of Animal Sciences, University of Illinois, USA 

 

Paper 2. Role of added fibers in glucose and insulin control  

Cyril Kendall, Department of Nutritional Sciences, University of Toronto, Canada  

 

Paper 3. Effect of soluble corn fiber on gut microbiota, calcium absorption, and 

indices of bone health 

Cindy Nakatsu, Department of Agronomy, Purdue University, IN, USA 

 

Panel discussion: Moderator, Julie Miller Jones, Department of Food Science and 

Nutrition, St. Catherine University, MN, USA 

  

2:30 - 2:50 pm  Beverage Break 

 

2:50 - 5:30 pm  Session 4. Essentiality of Dietary Fiber 

Sponsored by Kellogg Company 

Chairs: Dennis Gordon and David Klurfeld 

 

Paper 1. Dietary fiber before its beneficial physiological effects; Essentiality 

Dennis Gordon; North Dakota State University, USA. 

  
Paper 2. Dietary fiber in an evolutionary ecological context 

David Klurfeld; USDA-ARS, Beltsville, MD, USA. 

 

Paper 3. With a little help from our friends: digestion of dietary fiber polysaccharides 

by symbiotic gut bacteria  

Eric C. Martens; University of Michigan Medical School, Ann Arbor, MI, USA. 

 

Paper 4. Prebiotic oligosaccharides in human and bovine milks: isolation, 

characterization and functional testing  

Daniela Barile 
1,2

; 
1
Food Science & Technology Department, University of California 

Davis, One Shields Avenue, Davis, CA, 95616-8598; 
2 
Foods for Health Institute, 

University of California Davis, One Shields Avenue, Davis, CA, 95616-8598, USA.
 

 

Open discussion 
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THURSDAY, MARCH 27, 2014 

 

8:00 - 9:40 am   Session 5. Shear Stressed Out:  Fiber’s Effects on Satiety – Functional  

Characterization is the Key 

Sponsored by Ingredion, SunOpta, and Mondelez  
Chairs: Joanne Slavin and Nate Matusheski 

 

Paper 1. Fiber and satiety:  Unsettled Science  

Joanne Slavin, University of Minnesota, St. Paul, MN, USA. 

 

Paper 2. The influence of dietary fiber viscosity and fermentability on satiety-related 

hormones in rats  

Daniel D. Gallaher, Department of Food Science and Nutrition, University of 

Minnesota, St. Paul, MN, USA.  

 

Paper 3. Characterization of dietary fibers in relation to their in vivo effects: Interest 

and challenges 

Pierre Aymard, Mondelez International, NJ, USA.  

 

Paper 4. Case study: Development and validation of a new whole-grain, multi-fiber 

satiety composite ingredient  

Christine Pelkman, Ingredion, NJ, USA. 

 

 

9:40 - 10:00 am Coffee Break 

Sponsored by Ingredion 

 

 

10:00 - 11:40 am Session 6. Definition and Analysis 

Sponsored by Megazyme 

Chairs: Jon DeVries and David Mangan  

 

Paper 1. What would Hippsley and Vahouny say now? Assuring accurate 

identification and quantitation of all the dietary fiber 

Jonathan DeVries, Medallion Laboratories/General Mills Inc., Minneapolis, MN, 

USA 

 

Paper 2. CODEX Alimentarius adopted a dietary fiber definition and supporting 

analytical methods: did we get what we asked for? 

Wim Caers, Tate and Lyle, UK 

 

Paper 3. Measurement of dietary fiber using AOAC method 2009.01 

David Mangan and Barry McCleary, Megazyme, Ireland 

 

Paper 4. Dietary fiber assay modification-improving accuracy while reducing method 

cost and complexity 

David Plank, Medallion Lab, Minneapolis, MN, USA 

 

Summary and Wrap Up 

 

 

11:40 am-12:40 pm  Lunch 

 Sponsored by Kellogg Company 
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2:40 - 5:00 pm  Sessions 7. New Fiber Development 

Sponsored by Grain Processing Corporation  

Chairs: Kris Spense and Fred Brouns  

 
Paper 1. Fiber intake status of Americans 

Alannah Moshfegh, USDA, Beltsville, MD, USA 

 

Paper 2. Molecular composition of dietary fiber determines its functionality, 

physiological effects and health outcomes 

Fred Brouns, "Health Food Innovation", Faculty of Health, Medicine and Life Sciences- 

Nutrition, Toxicology and Metabolism Research Institute Maastricht (NUTRIM), 

Maastricht, The Netherlands 

 

Paper 3. The use of corn bran to increase fiber content and improve gastrointestinal 

health 

Tonya Armstrong, Grain Processing Corporation, Muscatine, Iowa, USA  

 

Paper 4. Evaluation of mushroom Sclerotia as new fiber ingredients 

Shane Gao, Hilda W.K. Cheung, Peter C.K. Cheung; Food and Nutritional Sciences, The 

Chinese University of Hong Kong, Hong Kong, China 

 

Paper 5. Pulse crops: dietary fiber content, glycemic response and the effects of crop 

variety 

Henry J. Thompson and Mark A. Brick; Cancer Prevention Laboratory (HJT) and the 

Department of Soil and Crop Sciences (MAB), Colorado State University, Fort Collins, 

Colorado, USA 

 

Paper 6. Effects of Litesse
® 

polydextrose on appetite suppression 

Stuart Craig
1
, Ratna Mukherjea

1
, Arthur Ouwehand

1
, Alvin Ibarra

2
, Sampo Lahtinen

2
, 

and Kirsti Tiihonen
2
;
 1 

DuPont Nutrition and Health, St. Louis, USA, 
2 
DuPont Nutrition 

and Health, Kantvik, Finland 

  

Paper 7. No synbiotic effect of arabinoxylan and Butyrivibrio fibrisolvens on intestinal 

butyrate production in rats. 

Tina S. Nielsen
1
, Markku Saarinen

2
, Sofia Forssten

2
, Stephanie Jackson

3
, Bent B. Jensen

1
 

and Knud E. Bach Knudsen
1; 1

Dept. Animal Science, Aarhus University, Denmark; 
2
DuPont Nutrition and Health, Kantvik, Finland; 

3
Dept. Animal Science, University of 

Illinois, Urbana, IL, USA 

 

 

3:20 - 5:00 pm  Session 8. Emerging Benefits of Fiber 

Sponsored by Ingredion 

Chairs: Roy Martin and Christine Pelkman 

 
Paper 1. Fiber and the brain  

Michael Keenan, Louisiana State University Agricultural Center, Baton Rouge, LA, USA 

 

Paper 2. Is there a role for dietary resistant starch in improving healthspan? 

Roy Martin, Western Human Nutrition Research Center, Davis, CA, USA 

 

Paper 3. Increasing dietary fiber intake to reduce plasma levels of colon-derived uremic 

solutes in hemodialysis patients 

Timothy Meyer, Departments of Medicine, Stanford University and VA Palo Alto HCS, 

Palo Alto, CA, USA 
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FRIDAY, MARCH 28, 2014 

 

8:00 - 10:15 am Session 9. General Session 

Sponsored by Roquette. Chairs: Bertrand Rodriguez (Roquette) and Zheng Jake Chen 

(University of Texas) 

 

Paper 1. The absorption of betaine from fiber rich breads  

Mette Skou Hedemann, Aarhus University, Denmark. 

 

Paper 2. The interaction of inulins with the immune system as measured in vitro 

Diederick Meyer
1
, Scott Turowski

2
, Leonie Vogt

3
, Paul de Vos

3
; 

1
 Sensus, 

Roosendaal, the Netherlands; 
2
 Sensus America, Lawrenceville, USA; 

3
 University 

Medical Center Groningen, Groningen, The Netherlands 

 

Paper 3. Fermentation properties of wheat dextrin, with a focus on NUTRIOSE
®
  

Bertrand Rodriguez
1
,
 
Wils D

1
,  Lefranc-Millot C

1
, Hobden M

2
, Panasevich MR

3
, 

Stewart ML
4
; 

1
Roquette, Lestrem, France, 

2
Department of Food and Nutrition 

Sciences, University of Reading, Reading, United Kingdom, 
3
Division of Nutritional 

Sciences, University of Illinois, Urbana, IL, USA, 
4
Department of Human Nutrition, 

Food, and Animal Science, University of Hawaii at Manoa, Honolulu, HI, USA 

 

Paper 4. Impact of the soluble wheat dextrin NUTRIOSE
®
 on weight management 

and biomarkers of metabolic syndrome: particular properties supporting this effect 

Guérin-Deremaux L
1
,  Lefranc-Millot C

1
; 

1
Roquette, Lestrem, France 

 

Paper 5. A key role of gut microbiota in mediating the protection against metabolic 

syndrome by Fibersol
®
-2 

Baokun He
1
, Seung-Hee Yoo

1
, Kazuhiro Shimomura

2
, Zheng (Jake) Chen

1
; 

1
Department of Biochemistry and Molecular Biology, Univ. of Texas Health Science 

Center at Houston, Houston, TX 77030, USA. 
2
Matsutani America, Inc., Itasca, IL, 

USA   

 

Paper 6. Effects of resistant maltodextrin and fructooligosaccharides on fasting GLP-

1 levels and glucose tolerance in rats 

Tohru Hira
1
, Asuka Ikee

2
, Yuka Kishimoto

3
, Sumiko Kanahori

3
, Hiroshi Hara

1
; 

1 

Research Faculty of Agriculture, Hokkaido University, Sapporo, Japan, 
2 
Graduate 

School of Agriculture, Hokkaido University, Sapporo, Japan, 
3 
Research & 

Development, Matsutani Chemical Industry Co., Ltd., Itami, Hyogo, Japan 

 

Paper 7. A diet high in arabinoxylan is more efficient in modulating fecal microbial 

composition and large intestinal butyrate than resistant starch – a model experiment 

with pigs 

Tina S. Nielsen
1
, Helle N. Laerke

1
, Peter K. Theil

1
, Jens F. Sørensen

2
, Markku 

Saarinen
3
, Sofia Forssten

3
 and Knud E. Bach Knudsen

1
; 

1
Dept. Animal Science, 

Aarhus University, Blichers Allé 20, P.O. Box 50, DK-8830 Tjele, Denmark; 
2
DuPont Industrial Biosciences, Edwin Rahrs Vej 38, DK-8220 Brabrand, Denmark, 

3
DuPont Nutrition and Health, Sokeritehtaantie 20, FI-02460 Kantvik, Finland 

 

 

10:15 - 10:35 am  Coffee Break  
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10:35 am-12:10 pm   Session 10: Regulations 

  Sponsored by Kellogg Company 

  Chairs: Anne Birkett and Susan Cho 

 

Paper 1. The proposed rule on the labeling of dietary fiber in the Nutrition Facts label 

Paula Trumbo, US FDA, College Park, MD, USA  

 

Paper 2. Fiber regulations in Canada 

Claudine Gourgue, Food Directorate, Health Canada 

 

Paper 3. GRAS notice process  

Judith Dausch, US FDA, College Park, MD, USA 

 

 

12:10 - 1:10 pm Lunch 

Sponsored by Kellogg  

 

 

1:10 - 2:50 pm Session 11. A Framework for Determining the Physiological Benefits of Fiber 

Sponsored by ILSI   

Introduction  

Jon DeVries, Medallion Lab, MN, USA  

 

Paper 1: The nine Vahouny health benefits: The launch of a new database 

Nicola M. McKeown
1,2

, Kara A. Livingston
1
, Ding Ding Wang

3
, Susan B. Roberts

1
, 

Mei-Chun Chung
3
; 

1
U.S. Department of Agriculture, Jean Mayer Human Nutrition 

Research Center on Aging, Tufts University, Boston, MA; 
2
Friedman School of 

Nutrition Science and Policy, Tufts University, Boston, MA; 
3 
Nutrition/Infection 

Unit, Department of Public Health and Community Medicine, Tufts University 

School of Medicine, Boston, MA, USA 

 

Paper 2. The case for fiber variety  

Julie Jones, St. Catherine University, MN, USA. 

 

Paper 3. Approaching fiber from a regulatory perspective 

Stuart Craig, DuPont, USA. 

 

Panel and audience facilitated discussion (Moderator: Jon DeVries) 

Panelists: Stuart Craig and Julie Jones 

 

 

2:50 pm   Closing of the Conference: Susan Cho  
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ABSTRACTS 

 

MARCH 26, 2014 

 

Session 1. ASN activity update 

ASN Scientific Statement: Consumption of cereal fiber, mixtures of whole grains and bran, and 

whole grains reduce risk for type 2 diabetes, obesity, and cardiovascular disease 

 8:10-9:35 am 

Chair: David Klurfeld (USDA) 

 

Paper1. Obesity aspect  

David Klurfeld; USDA-ARS, Beltsville, MD, USA 

 

Paper 2. Heart disease aspect  

Lu Qi; Harvard School of Public Health, Boston, MA, USA. 

 

Paper 3. Type 2 diabetes aspect  

David Klurfeld
1
 and Susan Cho

2
; 

1
USDA-ARS, Beltsville, MD; 

2
NutraSource, Calrksville, MD 21029, 

USA. 

 

Panel discussion 

 

Background: Studies of whole grains and chronic disease often include bran-enriched foods and other 

ingredients that do not meet the current definition of whole grains. We assessed the literature to determine 

if whole grains alone reduced the risk for obesity-related diseases. 

Objective: To see if bran or cereal fiber affect the benefits of whole grains on the risks for type 2 diabetes 

(T2D), obesity, and cardiovascular disease (CVD), and to use outcomes as the basis for an American 

Society for Nutrition (ASN) position statement. 

Design: A comprehensive PubMed search of human studies published from 1965 to December 2010.  

Results:  

 

Obesity and body weight measures: We assigned evidence level B/C for an inverse association between 

cereal fiber intake and various body weight measures. An evidence level of B/C was assigned to the 

association between intake of mixtures of whole grains and bran and measures of body weight. he single 

prospective study for men reported a minimal difference in body weight gain between the highest and the 

lowest intake groups. Findings from cross-sectional studies are relatively consistent across different 

populations and outcome measures. Thus, evidence for the inverse association of whole grains was level 

C/D. 

CVD: Prospective studies consistently show a reduced risk of CVD with high intake of cereal fiber (risk 

reductions of 14-26% for CVD mortality and 22-43% for stroke); likewise for mixtures of whole grains 

and bran (risk reductions of 7-52% for CVD mortality, CVD events, and heart failure). Only 1 of 2 

prospective studies found an inverse association between whole grain intake and reduced risk for CVD. 

Subtypes of stroke were not evaluated in this review. Also, one study that confined the investigation to 

whole grain bread, did not have a clear definition of whole grains and was not included. 

T2D: A number of well-designed, large prospective cohort studies show a consistent inverse association 

between consumption of cereal fiber or mixtures of whole grains and bran and the risk of T2D. Reports 

consistently indicate a reduced risk of T2D with high intake of cereal fiber (10 of 11 found an 18-40% 

risk reduction); and mixtures of whole grains and bran (5 of 6 studies reported a risk reduction of 21-

40%). One prospective study on whole grains (excluding 25% bran per the FDA definition) reported a 

risk reduction of 32-37% in females. 

Conclusions: The ASN position, based on the most current science, is that consumption of foods rich in 

cereal fiber or bran are modestly associated with reduced risk of obesity, T2D, and CVD. Epidemiological 
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data for whole grains alone are limited by varying definitions of what, and how much, was included in 

that food category.  Sponsored by Kellogg, Garuda International, and CJ CheilJedang. 

 

Session 2. Prebiotic fibers 

Sponsored by Beneo. 9:55 -11:35 am 

Chairs: Raylene Reimer and Anke Sentko 

 

Paper1. Snapshots: what’s new on prebiotic fibers 

Stephan Theis, Beneo, Belgium. 

The prebiotic concept was introduced in 1995 by Gibson and Roberfroid, updated in 2004 and more 

recently refined. The prebiotic effect is now a well established scientific fact. A prebiotic is defined as “a 

selectively fermented ingredient that results in specific changes in the composition and/or activity of the 

gastrointestinal microbiota, thus conferring benefit(s) upon host health”. Inulin-type fructans are amongst 

the best studied prebiotics, and are amongst the very few that are accepted as “proven” prebiotic fibers. 

Since the concept was first defined it has been subject of intensive research, and prebiotic research has 

continued at a rapid pace with more than 1000 research articles published over the past 5 years.  Recent 

health-related research beyond the effects of prebiotic fibers on the gut ecosystem and digestive health 

includes the effects on energy intake and body weight management, metabolic benefits and improvements 

in obesity related disorders. Intriguing new experimental data on the action of prebiotic inulin-type 

fructans and associated production of SCFAs via the Gut-Brain Axis has brought new insights into the 

mechanisms underlying the metabolic benefits.  

Paper 2.  Prebiotic modulation of the gut microbiota: Is this a health benefit?  

Robert. A. Rastall, Department of Food and Nutritional Sciences, The University of Reading, UK. 

Recent developments in molecular microbiology are having a profound effect on our understanding of the 

gut microbiota. This, in turn, will lead to far more sophistication in our approaches to health management 

by manipulating this microbiota. Functional food ingredients can modulate this microbiota, changing the 

relative populations of bacterial groups and directing the metabolism of the ecosystem towards 

compounds with health benefits. Fermentable carbohydrates represent an attractive set of dietary 

management tools to bring about such changes. Prebiotics were introduced in 1995 and several definitions 

have followed with the most recent in 2010. Prebiotics are food ingredients, supplements or components 

that escape digestion in the small intestine and reach the colon largely intact where they are selectively 

fermented by health-positive members of the colonic microbiota. All recognised prebiotics are 

carbohydrates such as fructo-oligosaccharides, inulin and galacto-oligosaccharides. Many more are being 

investigated. Most recognised and candidate prebiotics also fall into the definition of dietary fibre. Most 

early studies on prebiotics tended to focus on increasing populations of bifidobacteria and lactobacilli; 

non-pathogenic species with recognised health-positive attributes including inhibition of intrinsic and 

extrinsic pathogens, modulation of immunity and vitamin synthesis. These genera have most frequently 

been developed into probiotics and the health attributes of such organisms are being explored in 

laboratory and human volunteer trials. Data are accumulating to support the use of probiotics and 

prebiotics in a range of chronic and acute disorders. Recent thinking, however, has focussed more on the 

metabolites produced by the colonic microbiota and their systemic impact after absorption into the 

bloodstream. This widening of emphasis is constantly stimulating debate over the definition of prebiotics. 

This talk will examine the evolving view of what is meant by a prebiotic and critically examine how they 

might act to improve human health. 

 

Paper 3.  Colonic bacterial metabolism in health and disease – with a focus on prebiotic inulin-type 

fructans 

Kristin Verbeke; KU Leuven, Translational Research in Gastrointestinal Disorders (TARGID) and 

Leuven Food Science and Nutrition Research Centre (LFoRCe), Leuven, Belgium. 

Fermentation is an essential function of the gut microbiota that contributes to both gastrointestinal health 

as well as overall health. As the end products of microbial fermentation are in intimate contact with the 

colonic cells or can be absorbed by the colonic mucosa, they can influence host’s physiology. In 

particular short chain fatty acids, metabolites of carbohydrate fermentation, have been shown beneficial to 
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health at different levels. The increasing availability of “omics” technologies that allow to analyse 

microbial activity, has resulted in a rapid expansion of our understanding of the impact of bacterial 

metabolism in health and disease. An imbalance in the composition or activity of the microbiota has been 

increasingly associated with the occurrence of chronic or lifestyle-related diseases. Therefore, 

manipulation of the microbiota has become an attractive target to improve host health. As diet is a major 

determinant of the type and amount of metabolites produced, dietary interventions with prebiotics that 

aim to procure health benefits associated with microbial saccharolytic fermentation, have been intensively 

investigated. In this overview, we will discuss the impact of prebiotic interventions, in particular 

interventions with inulin-type fructans, on bacterial metabolism in healthy subjects and patients groups 

including patients with inflammatory bowel disease (IBD), chronic kidney disease and obesity.  

Paper 4.  Prebiotic fiber and energy intake: implications for managing body weight 

Raylene Reimer; University of Calgary, Calgary, Alberta, Canada. 

The human food supply has changed drastically over the past 50-75 years, including reduced dietary fiber 

content, with an alarming increase in obesity following close behind. In response, there is a growing 

interest in value-added foods that will help curb the obesity epidemic. The effectiveness of dietary fiber, 

particularly prebiotic inulin-type fructans, to aid in weight management is supported by convincing data 

in animal studies and a growing body of evidence from human clinical studies. This presentation will 

highlight the mechanisms by which prebiotic fiber acts to regulate body weight with a special focus on 

gut satiety hormones. Furthermore, given the demonstration that the susceptibility to obesity can be 

programmed early in the course of development, the influence of prebiotic fiber on maternal health during 

pregnancy and offspring health will also be discussed. The overall goal of this presentation is to highlight 

the latest evidence for role of prebiotic fibers in body weight management across the lifespan. 

 

Session 3. Can Fibers Added to Foods Provide Physiological Benefits that are Similar to Intact 

Fibers? 

Sponsored by Tate and Lyle. 12:35-2:10 pm 

Chair:  Julie Miller Jones and Lisa Spence 

 

Paper 1. Added fibers - Addressing the fiber gap and fulfilling all fiber’s functions 

Julie Miller Jones, Department of Food Science and Nutrition, St. Catherine University (Moderator), 

Minnesota, USA.  

Under 5% of nearly all NHANES age and gender categories meet the Adequate Intake for dietary fiber 

(DF). Thus, DF was named a ‘nutrient of concern’ by the last two US Dietary Guidelines Advisory 

Committees. Intakes below recommendations, the so-called fiber gap, are not just a problem in the USA 

but occur in many regions of the world.  Despite intakes that are often less than half of recommended 

levels and a concordance of studies showing benefits of isolated, modified and synthesized fibers, there is 

acceptance of DF inherent in food but reluctance to embrace DF added to food by some in the nutrition 

community. For some isolated fibers such as psyllium and β-glucan, the evidence is so compelling that 

health claims exist in many jurisdictions. It is important to emphasize that consumers should not rely on a 

single fiber source as  various fibers have different structures, viscosities and solubilities and do not all 

have the same function. Thus, the right quantity and balance of fiber types are needed both to feed the gut 

microbiome and to carry out the many different roles of the various fiber types. Further, the recognition 

that the synergy between DF intrinsic to food and that DF added to food is an important part of a strategy 

to address the fiber gap. Recommending increased intake of foods intrinsically high in fiber as well as 

fiber fortified foods results in small dietary changes that successfully increase DF in the diet while staying 

calorie neutral.  

 

Paper 2. Fiber and intestinal health 

Benefits of Soluble Fibers on Gut Health and Their Relative Tolerance 

George Fahey; Department of Animal Sciences, University of Illinois, USA. 

The objective of this presentation is to discuss digestive tolerance of soluble dietary fibers by humans, as 

well as the effects of soluble fibers on indices of gut health.  Although most fibers differ markedly from 

one another in structure and physiological function, the properties of soluble corn fiber (SCF) will be 
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highlighted as an example of one that has been well researched in recent years.  Soluble dietary fibers 

figure prominently in three proven physiological benefits of fiber:  laxation, blood cholesterol attenuation, 

and blood glucose attenuation.  Western man consumes much less fiber than is recommended, so added 

fibers are of great interest as a potential dietary component to enhance the fiber value of foods.  But it is 

important that the fiber be well tolerated, as well as demonstrate some benefit to either the large bowel 

microbiota or the host, or both.  A number of studies have determined that SCF is well tolerated, even 

when provided as 40 g at a single dose or 65 g when consumed in multiple doses across the day.  

Laxation is enhanced upon consumption of SCF, resulting in an increase in stool weight, and production 

of fewer potentially toxic metabolites in the colon (e.g., ammonia, 4-methylphenol, indole, and branched-

chain fatty acids).  Short-chain fatty acids are produced by bacterial fermentation of SCF, and the 

microbiota are modified to a more healthful population (increases in Lactobacillus, Faecalibacterium, 

Phascolarctobacterium, and Dialister spp. in one study).  Principal component analysis indicates a 

distinct clustering of individuals consuming supplemental SCF.  In conclusion, SCF consumption appears 

to be well tolerated and is beneficial to gut health of humans.  

 

Paper 3. Role of added fibers in glucose and insulin control  

Cyril W.C. Kendall; Department of Nutritional Sciences, Faculty of Medicine, University of Toronto; 

Clinical Nutrition and Risk Factor Modification Center, St. Michael’s Hospital, Toronto, ON; College of 

Pharmacy and Nutrition, University of Saskatchewan, Saskatoon, SK, Canada. 

Cohort studies have found an inverse association between dietary fiber intake and type 2 diabetes, obesity 

and cardiovascular disease.  One mechanism by which soluble dietary fibers may influence the risk for 

these diseases relates to their beneficial effects on glucose homeostasis. In clinical studies, viscous soluble 

fibers have been shown to blunt the postprandial blood glucose and insulin responses when consumed as 

part of a carbohydrate-containing meal and may influence postprandial glucose and insulin excursions 

during subsequent meals. While the exact mechanism for the second meal effect remains elusive it is 

hypothesized that fermentation end products, in particular short chain fatty acids, may suppress the 

activity of hormone sensitive lipase following absorption leading to reduction in the release of free fatty 

acids and glycerol from adipose depots. Lowering circulating free fatty acids improves insulin sensitivity, 

which would facilitate glucose disposal in the postprandial period. Soluble corn fiber is a low viscosity 

fiber.  However, when added to foods and beverages, it has been demonstrated in clinical studies to 

significantly lower postprandial glucose and insulin responses after consumption of varying amounts of 

the fiber in healthy, normal glycemic individuals.  Fortification of foods and beverages with isolated fiber 

sources like soluble corn fiber could help to minimize the gap between global dietary fiber intakes (13-

23g/day) and recommendation levels (25-38g/day) and may be a valuable addition to products used for 

glucose control and diabetes management.   

 

Paper 4. Effect of soluble corn fiber on gut microbiota, calcium absorption, and indices of bone health 

Cindy H. Nakatsu
1
, Corrie Whisner

2
, Berdine Martin

2
 and Connie M. Weaver

2
; 

1
Department of 

Agronomy and 
2
Department of Nutrition Science, Purdue University, West Lafayette, IN. 

The growing knowledge of health benefits related to non-digestible polysaccharides has led to the 

identification of other fermentable carbohydrates. We are investigating the addition of one such 

carbohydrate, soluble corn fiber (SCF, PROMITOR
®
), to diets and its association with changes in 

calcium (Ca) absorption and intestinal microbiota composition.  Two different study designs were used to 

test SCF added to the diet of adolescents. One was a controlled feeding metabolic balance approach using 

a crossover design with two three-week sessions. This study included a total of 24 boys and girls and 

tested the addition of 0 and 12 g fiber/d from SCF on a low Ca diet (600 mg/day) characteristic of usual 

intakes. The second was a randomized, controlled double blind, crossover study with three four-week 

treatment phases.  It included 27 free-living adolescent girls consuming their regular diet with addition of 

0, 10 and 20 g fiber/day from SCF. Microbial community composition assessed using next generation 

sequencing of PCR amplified 16S rRNA genes was evaluated in fecal samples collected at the beginning 

and end of each treatment phase. In both studies Ca absorption increased by about 12% with SCF 

consumption compared to no SCF and there was a significant increase in the proportion of 

Parabacteroides. In the first study an increase in Ca absorption was significantly correlated with 

increases in Bacteroides, Butyricicoccus, Oscillibacter, and Dialister.  The exact role that these bacteria 
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play in the human gut is currently unknown.  However, these bacterial changes associated with SCF 

consumption and the increase in Ca absorption suggest that fermentation of SCF by these microbes 

modifies the gut environment by augmenting the proportion of short chain fatty acid producing bacteria.  

Modulating the intestinal microbiota with SCF increases calcium absorption and may enhance attainment 

of peak bone mass during the adolescent growth spurt. Funded by and proprietary to Tate & Lyle Health 

& Nutrition Sciences. 

Panel discussion: Moderator-Julie Miller Jones, Department of Food Science and Nutrition, St. Catherine 

University, USA 

  

Session 4. Essentiality of dietary fiber 

Sponsored by Kellogg 2:30-5:30 pm 

Chairs; 
1
Dennis Gordon and 

2
David Klurfeld; 

1
117 N. Welcome Slough, Cathlamet, WA and North 

Dakota State University; 
2
USDA-ARS, Beltsville, MD, USA.  

 

Paper 1. Dietary fiber before its beneficial physiological effects; Essentiality 

Dennis Gordon; North Dakota State University, USA.  

  
Paper 2. Dietary fiber in an evolutionary ecological context 

David Klurfeld; USDA-ARS, Beltsville, MD, USA.  

 

Abstracts of papers 1 and 2 

Dietary fiber (DF) is more than a nutrient it is an essential nutrient. The quintessential properties of DF 

are its ability to promote laxation and it serves as the major energy source for the microbiota. While it is 

impossible to have a DF free diet, in the few instances of prolonged parenteral nutrition, the intestine 

atrophies, nutrient digestion and absorption stops in both the small and large intestine, and the lack of the 

microbiota creates health consequences, and possibly the most significant, the acquired/adaptive immune 

system is impaired. Thus the two quintessential properties of DF have expanded functions beyond the 

presence of the microbiota and voiding of waste, laxation. One great challenge is to understand the 

minimum amount of DF needed to maintain these quintessential functions. Is the current DF intake of 15-

18g/day sufficient, and how important will be the recommended intakes of 25g and 38g/day for women 

and men, respectively? Additional questions are, how does DF: 1. Expand and allow the intestine to move 

by providing bulk (i.e. insoluble DF) and along with soluble DF that provides water holding capacity and 

increased viscosity thus fostering intestinal maturation; 2. Affect the morphology and cell distribution of 

the intestinal mucosa and specifically the increased number of goblet cells which in-turn results in 

increased muscin production; muscin can be considered an endogenous source of DF; 3. Contribute to the 

total number of bacteria per gram of feces or the distribution of these bacteria; what is more important; 4. 

What is the distribution of energy released in the fermentation of DF between the host and the bacteria 

and the importance of the short chain fatty acids (SCFA) and; 5. What is the relationship between the 

microbiota and the immune system? These topics are presented and expanded upon by subsequent 

speakers. No support. 

 

Paper 3. With a little help from our friends: digestion of dietary fiber polysaccharides by symbiotic gut 

bacteria  

Eric C. Martens; University of Michigan Medical School, Ann Arbor, MI, USA.  

Symbiotic microorganisms expand human digestive physiology by providing an armament of 

polysaccharide-degrading enzymes, which are largely absent in the human genome. By farming this 

aspect of digestive physiology out to gut microbes, we maximize our ability to adapt to different 

carbohydrate nutrients on time scales of hours to millennia and eliminate the requirement for thousands of 

additional genes in the human genome. Dietary fibers, mixed with endogenous mucosal secretions, 

present a diverse and dynamic menu of complex carbohydrates to the trillions of microorganisms that 

inhabit the colon. Understanding which microorganisms consume these nutrients and how fiber 

degradation abilities vary among microbial taxa is central to defining the relationship between our diet, 

gut microbes and health. We are taking microbiological, genomic, genetic and biochemical approaches to 

understand how symbiotic bacteria digest complex carbohydrates and which species perform these 
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functions. Our results have revealed that some of the most abundant fiber molecules, such as xylan, 

xyloglucan, beta glucans and pectins, are metabolized by select species, suggesting that different 

organisms fill various fiber digesting niches. Many gut bacteria possess diverse capabilities and are able 

to attack many different fiber polysaccharides and/or mucosal glycans. Physiological studies on these 

organisms have revealed that they are programmed to prioritize some substrates, such as fiber 

polysaccharides, relative to mucin glycans. We have also observed that commensal species such as 

Bacteroides thetaiotaomicron require mucin-degrading ability to elicit ulcerative colitis in a genetically 

susceptible mouse model and mucin degradation is repressed in the presence of fiber polysaccharides. 

Thus, a complex picture is emerging in which symbiotic gut bacteria interact dynamically with both 

dietary fiber and our mucosal immune system. Deciphering these complex interactions will be essential to 

understanding the many ways that fiber promotes digestive health and may reveal new strategies to use 

prebiotics to intentionally manipulate this system. This work has been supported by the National Institutes 

of Health (grants DK084214, DK096023, GM099513, DK097079) and the Global Probiotics Council 

Young Investigator Grant for Probiotics Research. 

Paper 4. Prebiotic oligosaccharides in human and bovine milks: isolation, characterization and functional 

testing  

Daniela Barile 
1,2

; 
1
Food Science & Technology Department, University of California Davis, One Shields 

Avenue, Davis, CA, 95616-8598; 
2 
Foods for Health Institute, University of California Davis, One Shields 

Avenue, Davis, CA, 95616-8598, USA
 

The intestinal microbiome is being recognized as an important determinant of health. Probiotics and 

prebiotics are widely used alternative therapies for intestinal health. Milk oligosaccharides are a complex 

group of complex indigestible carbohydrates whose selective prebiotic functions are in part due to their 

structural complexity. These bioactive molecules operate on many different physiological systems 

through a variety of mechanisms, ranging from acting as selective substrates for commensal bacterial 

growth, to binding toxins in the blood stream. Systematic examination of oligosaccharides in all 

mammalian milks can now be accomplished using new methodologies such as microchip liquid 

chromatography separation and high-performance mass spectrometry (MS) and accurate structural 

elucidation enables predicting their bioactivities. Bovine milk oligosaccharides (BMO) were recently 

identified as structurally and functionally similar to human milk oligosaccharides (HMO). Our group 

showed that BMO can be captured from whey permeate that is a waste stream from whey protein 

production. This work represents a comprehensive effort to develop a feasible scale-up process for the 

production of oligosaccharides concentrates from dairy streams for use in clinical trials. My group 

collaborates with a network of dairy industries for ingredient development, with microbiologists to 

demonstrate functional prebiotic activity, and with clinicians for clinical validation in humans. Utilizing few 

example classes of glycosylated milk bioactive molecules this talk will outline scientific workflows that 

stretch from health improvement to target identification, from bioactive molecule isolation in food side-

streams, to scale-up processing techniques required for pilot scale delivery of these molecules for clinical trial 

validation of and eventual industrial scale delivery for population health improvement. This research was 

supported in part by funding from the Bill and Melinda Gates Foundation and National Institutes of 

Health award R01AT007079. Support from the Peter J. Shields Endowed Chair in Dairy Food Science is 

also acknowledged. 

Open discussion  

Proposed comments and questions:  Sharing your ideas as to the needed/interesting/future areas of 

basic/fundamental research dealing with dietary fiber would be enjoyed by all. 

1. What is the minimum amount of dietary fiber needed by an individual? Are there minimum 

optimum levels per body weight, and or food intake, and or any comparative index? Where do 

infants get their dietary fiber? Are the amounts/types in mother’s milk, bovine milk and or 

formulas, with “added fiber” correct/adequate? 

 

2. If a minimum level of dietary fiber can be suggested, what is an optimum range (i.e., 15-50g/day) 

and is there a Tolerable Upper Intake Limit (UL) for dietary fiber? What are the real 

physiological risks of an inadequate dietary fiber intake? Can an UL for dietary fiber intake be 
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suggested? What is the risk of too-much dietary fiber intake? 

 

3. What are the consequences of a dietary fiber free diet for extended periods, in or to the  

  intestine, large and small? 

4. How is the morphology of the intestine affected by the presence/absence of dietary fiber? With 

this question, what can be said about the ingestion/presence of insoluble and soluble dietary fiber 

as it passes through the intestine? 

 

5. How is the digestion (i.e., enzymes, hormones, etc., etc.) of nutrients and subsequent  absorption 

of nutrients/metabolites affected by dietary fiber at all levels? 

 

6. The number and classification of intestinal mucosal cells in crypts and villi of the small and large 

intestine are numerous. To say one class of intestinal mucosal cells is more important than 

another is wrong. However, to start this line of questioning, to what extent are goblet cells 

affected by the level of dietary fiber and subsequently, how important is muscin as an 

internal/endogenous source of dietary fiber? How important are mucins to the hypothesis that 

dietary fiber is an essential nutrient? 

 

7. With the hypothesis that dietary fiber is an essential nutrient, the two quintessential properties of 

DF are its ability to promote laxation and be fermented by the microbiota. First, laxation must be 

thought of more than just the voiding of waste.  Are there a bacterial (i.e., microbiota), mass and 

or concentration for normal/optimum function of the large intestine? Then, what is normal or 

optimum; how are these terms defined? 

 

8. While the distribution of individual bacterial species have gained great scientific attention, what 

is more important, the distribution of classes/geniuses/species or the total number of bacteria per 

gram of feces? Although the level of Bifidobacterium species in the feces is frequently cited as 

being beneficial, there is no data to support a correlation with these levels and any health function 

and or disorder. And recently the theory has been set forth that weight gain can be reduced with a 

redistribution of species. In the area of obesity research, do members of the Bacteroides spp., 

particularly Bacteroides spp. protect against increased adiposity in mice?  This might not hold 

true for humans. And in obese mice, there are more Fermicutes, but again, these high levels are 

not seen in obese individuals. Where are we going and where can we go with the relationship 

between dietary fiber and the microbiota? Can more dietary fiber (> 30-40-50g/day) have a 

positive effect on the composition of the microbiota; is a unique combination of dietary fiber  

sources needed to achieve these benefits? 

 

9. Is there a minimum and optimum amount of bacteria to be achieved with a minimum and 

optimum levels of fermentable dietary fiber intakes? 

 

10. There is a strong if not absolute relationship (essential) between the microbiota and the intestinal 

immune system. Is dietary fiber the essential energy source for the microbiota and thus an 

adequate/primed immune system? 

 

11. The digestion and absorption of macronutrients (i.e., protein, fat and carbohydrates) to their 

individual building units and subsequent absorption is the major source of energy, and building 

units for growth and maintenance to the body. The fermentation of dietary fiber in the large 

intestine and subsequent maintenance and or increase in bacteria levels, produces short chain fatty 

acids (SCFA). The metabolic energy derived from the fermentation of dietary fiber is 

approximately one-half (2 cal/g) that of the /gross/inherent caloric content in dietary fiber (4 

cal/g). How are these sources of energy, the SCFA, different compared to that delivered as 

nutrients via the small intestine? Do SCFA in the blood stream provide any communications with 

the small intestine? 
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MARCH 27, 2014 

Session 5. Shear stressed out:  Fiber’s effects on satiety – Functional characterization is the key 
Sponsored by Ingredion, SunOpta Ingredients, and Mondelez. 8:00-9:40 am 

Chairs: Joanne Slavin and Nate Matusheski 

 

Paper 1. Fiber and satiety:  Unsettled science  

Joanne Slavin, Michelle Clark, Renee Korczak; Department of Food Science and Nutrition, St. Paul, MN, 

USA. 

Higher fiber intakes are associated with lower body mass index in epidemiologic studies.  High fibers also 

prevent weight gain in longitudinal studies.  Enhanced satiety may play a role in the protective properties 

of high fiber intakes.  A review published in 2007 (Slavin & Green) found that viscous, soluble fibers 

were most effective in acute satiety studies and large doses of fiber were needed to show an effect.  

Epidemiologic studies find most support for fiber’s protective effect on body weight with insoluble fibers.  

We conducted an evidence-based, systematic review of fiber and satiety (Clark & Slavin, 2013).  We 

included studies that measured appetite, reported fiber type and amount, included a low of no fiber control, 

and were conducted in healthy subjects.  Forty-four publications were identified, from which 107 

treatments were analyzed.  Thirty-eight fiber sources were included.  The percentage of treatments that 

significantly reduced subjective appetite rating compared with the control was 39%.  The satiety-

enhancing effect of beta-glucan, lupin-kernel fiber, rye bran, whole grain-rye, or a mixed high-fiber diets 

were supported in more than one publication.  Generally high doses of fiber are needed to show changes 

in satiety, but even large doses of soluble fibers that are not viscous do not alter satiety.  Longer-term 

studies of fiber intake which examine the effect of both intrinsic and functional fibers on satiety are 

needed.  Also lacking are mechanistic studies that link changes in satiety with biological markers.  

Although many studies have measured blood glucose, insulin, gut hormones, and other blood markers, 

few fecal measures have been collected to determine the relationship between fermentation and satiety.  

Our research with readily fermented fibers, such as inulin, which were extensively fermented as measured 

by production of breath hydrogen, had no effect on satiety.  Future studies would be improved by 

standardized methods, better chemical descriptions of fibers fed, and addition of biomarkers beyond VAS 

measurement of satiety. References:Slavin J, Green H. 2007. Dietary fibre and satiety. Nutrition Bulletin 

32:(suppl 1):32-42. Clark MJ, Slavin JL. 2013. The effect of fiber on satiety and food intakes:  A 

systematic review. J Am Coll Nutr 32:200-211. 

 

Paper 2. The Influence of dietary fiber viscosity and fermentability on satiety-related hormones in rats  

Daniel D. Gallaher, Natalia M. Schroeder, and David A. Brockman; Department of Food Science and 

Nutrition, University of Minnesota, St. Paul, MN, USA. 

Dietary fiber may contribute to satiety. We examined the effect of two fiber characteristics, small 

intestinal contents viscosity and large intestinal fermentability, on satiety-related hormones in rats. In one 

study, diets contained fiber sources that were either non-viscous, somewhat viscous, or highly viscous, 

and either highly fermentable or non-fermentable, in a 2 X 3 factorial design. In the fed state (2 hr 

postprandial), rats fed non-fermentable fibers had significantly greater plasma GLP-1 concentration than 

fermentable fibers. In the fasted state, among non-fermentable fibers, viscosity had no effect on GLP-1 

concentration. However, among fermentable fibers, greater viscosity reduced GLP-1 concentration. 

Plasma PYY concentration in the fasted state was not influenced by fermentability of the fiber overall, 

however animals consuming fructooligosaccharide had a much greater PYY concentration. In both the fed 

and fasted states, rats fed non-fermentable fibers had a significantly lower plasma ghrelin concentration 

than rats fed fermentable fibers. In the fasted state, rats fed non-fermentable fibers had a significantly 

lower plasma leptin concentration than rats fed fermentable fibers. Thus, non-fermentable fibers, 

regardless of viscosity, may promote meal termination. In a second rat study using diet-induced obesity, 

guar gum (GG; viscous and fermentable) and hydroxypropyl methylcellulose (HPMC; viscous and non-

fermentable) were compared in the fed state to high fat (HF-C) and normal fat (NF-C) control groups fed 

cellulose.  Plasma GLP-1 and PYY did not differ among the groups. Plasma amylin for the GG and 

HPMC groups fell between the NF-C and HF-C groups, but did not differ significantly from either. 

Plasma ghrelin was significantly less in the HPMC group, and trended lower in the GG group, relative to 

both controls, suggesting greater satiation after a meal with these two viscous fibers. The effect of fiber 



16 
 

on satiety hormones may be influenced by both functional characteristics and background diet.  Supported 

by GTC Nutrition, the Minnesota Agricultural Experiment Station, and a University of Minnesota Grant-

in-Aid. 

 

Paper 3. Characterization of dietary fibers in relation to their in vivo effects: Interest and challenges 

Pierre Aymard and Sophie Vinoy; Mondelēz International, Biscuit R&D Centre, Saclay, France. 

Incorporating texturing dietary fibers into food has been shown to improve blood glucose, slow down 

gastric emptying and enhance satiety. However, some contradictory results have been reported in the 

literature, which may in part be due to the lack of information provided on the characteristics of the fibers 

tested in the clinical trials. The objective of this talk is to present the key functional properties of dietary 

fibers that influence physiological parameters in the upper sphere. A functional mapping is first 

introduced to cluster dietary fibers into 3 main groups, based on their solubility (insoluble vs. soluble) and 

texturing ability (non-viscous vs viscous). For each of these groups, the relevant functional properties of 

dietary fibers are highlighted and illustrated using examples in the literature. Taking into account the 

individual properties of the fiber ingredients provides insight into their ability to impact the rheology of 

the food bolus.  However, other factors remain to be taken into account, such as interaction with other 

ingredients, impact of food processing and storage, type of food form and the related mastication pattern. 

Testing the food product as consumed may offer interesting opportunities to go beyond the properties of 

sole ingredients. In vitro is an interesting route to objectively determine the fate of food products during 

artificial digestion. This will be illustrated by some results of texture build-up obtained with a simulated 

digestion model as well as the correlation with in vivo data.  Supported by Mondelēz International, Saclay, 

France. 

 

Paper 4. Case Study: Development and validation of a new whole-grain, multi-fiber satiety composite 

ingredient  

Christine Pelkman, Lorraine Niba, Matthew Park, and Dana Janik; Ingredion Incorporated, Bridgewater, 

NJ, USA. 

This presentation will review the systematic development and validation of a new whole-grain and 

hydrocolloid satiety ingredient. The development process began with a review of the clinical evidence 

and selection of candidate fiber ingredients, including viscous fiber and whole grain resistant starch from 

a proprietary high-amylose corn. Candidate ingredients were tested singly and in combination blends in 

pre-clinical studies. Proposed mechanisms of action included slow digestion of whole grain, fermentation 

of resistant starch and slower digestion and absorption of nutrients due to the viscosifying effects of a 

hydrocolloid. Candidate ingredients were tested as dry blends and as co-processed composites and 

evaluated in sensory trials to examine effects on taste and texture in selected food applications. In 

addition, an in vitro stomach model was used to evaluate the viscosifying effects of the candidate blends 

and composites. The results showed superior performance of a whole grain, high-amylose resistant starch 

and hydrocolloid heat-moisture co-processed composite. Results from three clinical trials of the 

composite (WEIGHTAINTM) showed effects on food intake and subjective measures of appetite when 

added to bars, muffins and fruit-based smoothies. Supported by Ingredion Incorporated., Bridgewater, NJ. 

 

Session7.  Definition and analysis-Devries 

Sponsored by Megazyme. 2:40-4:20 pm 

Chairs: Jon DeVries and David Mangan 

 

Paper 1. What would Hippsley and Vahouny say now? Assuring accurate identification and quantitation 

of all the dietary fiber 

Jonathan DeVries; Medallion Laboratories/General Mills Inc., Golden Valley, MN, USA. 

Dietary fiber.  When Hippsley coined the term in 1953, the journey of considering the “by-products” of 

many food production processes as essential nutrition rather than animal feed began.  Distinguishing DF 

from the “crude fiber” of animal nutrition initiated research that culminated over a half century later in a 

definition and methodology that are accepted internationally for food content labelling to promote healthy 

eating.  From a rear view mirror perspective, dietary fiber methodology lagged definitional understanding 

by roughly three and one half decades.  Interim measures were developed to account for various DF 
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components, however the accuracy and precision of additive procedural results is typically less rugged 

than a single complete assay.    Whether or not we have culminated at the final endpoint remains to be 

seen as further research unfolds, but obviously a single international definition combined with optimized 

commensurate methodology now opens additional avenues for nutrition research. 

 

Paper 2. CODEX Alimentarius adopted a dietary fiber definition and supporting analytical methods: did 

we get what we asked for? 

Wim Caers; Tate & Lyle, London, England, U.K. 

Although everyone recognizes dietary fibre as an important nutrient within a healthy and balanced diet, 

almost no population seems to be able to bridge the gap between recommended and actual intake. To have 

a global dietary fibre definition and supporting methods of analysis to allow for accurate quantification 

and labelling, were recognized by Codex as important tools to help consumers make informed choices. 

The complexity of such undertaking is evidenced by the 16 years it took from creating a working group to 

prepare a first draft till the official adaptation of a dietary fibre definition by CAC in 2009, to be followed 

two years later by the adaptation of a list of analytical methods by CCMAS. However it would be a large 

mistake to believe that all dietary fibre related issues are now resolved. The adopted list of analytical 

methods contains eight Type I “defining” methods, whereas previously Codex principles allowed for only 

one. Adding to this confusion is the fact that some measure the full scope of the definition, while others 

cannot measure the lower molecular weight fractions that do not precipitate in ethanol solution. It was a 

missed opportunity to leave the inclusion of DP 3-9 to national authorities in Footnote 2, and not have it 

in the main body of the definition. It is erroneously believed that one single analytical method can 

separate at DP=10. As a direct consequence, if one would decide to  exclude DP 3-9, this then 

intrinsically means that accurate fibre measurement is no longer possible. In addition, it is important that 

reagents, more specifically enzymes, have the required activity and purity to remove non-fibre 

components without hydrolysis and loss of the DF fractions. The availability of such enzymes, in 

combination with the required expertise for appropriate method selection and execution, is not in 

evidence throughout the world. In addition, modification of some of these methods has been reported, and 

will be needed in the future. Further education is needed if we are to reach a common goal. 

 

Paper 3. Measurement of dietary Fiber using AOAC Method 2009.01 

David Mangan and Barry McCleary; Megazyme International Ireland, Bray, Co. Wicklow, Ireland. 

In 2012, the Codex Committee on Methods of Analysis and Sampling (CCMAS) recommended fourteen 

methods for measurement of dietary fiber. Seven of these are Type I methods, and of these, AOAC 

Method 2009.01 is the only procedure that measures all of the dietary fiber components as defined by 

Codex Alimentarius. Other methods such as the Prosky method (AOAC Method 985.29) gives similar 

analytical data for the high molecular weight dietary fiber contents of food and vegetable products low in 

resistant starch. Since acceptance, AOAC Method 2009.01 has been slightly modified to allow accurate 

measurement of samples high in fructo-oligosaccharides and to completely remove branched 

maltodextrins that are hydrolyzed by the maltase/amyloglucosidase/isomaltase enzyme complex in the 

brush boarder lining of the small intestine. In this paper, differences and similarities between the 

traditional dietary fiber methods (e.g. AOAC Methods 985.29 and 991.43) and the updated methods 

(AOAC Methods 2009.01 and 2011.25) will be discussed in detail with particular reference to some 

difficult to analyze samples such as phosphate crosslinked starches and various oligosaccharides. 

 

Paper 4. Dietary Fiber Assay Modification-Improving Accuracy while Reducing Method Cost and 

Complexity. 

David Plank; Medallion Laboratories, Golden Valley, MN, USA. 

Determination of the dietary fiber content of foods and ingredients is dependent on proper enzymatic 

digestion and dissolution of non-dietary fiber components. By design, the enzymatic digestions do not 

necessarily proceed to completion in order to approximate human digestion.  Different digestion 

conditions employed by the standard dietary fiber methods, e.g. AOAC 985.29, 991.43 and 2009.01, may 

affect the dietary fiber results depending on the method selected, with matrices that contain resistant 

starches being particularly vulnerable to analytical method bias.  Following digestion the common dietary 

fiber isolation technique of the current dietary fiber methods (filtration using a crucible with the aid of 
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celite) is not always complete thus resulting in loss of dietary fiber. Because the filtering aid, celite, is 

used in the process, duplicate samples must always be run for the purposes of measuring residual protein 

and ash in the isolated fiber residue.  Duplicates are required in as much as the combined celite-fiber filter 

cake is not homogenous enough to allow splitting of a singlet residue.  We have developed a modification 

to the current fiber methods wherein high-speed centrifugation (>15,000 x g) is used in place of 

celite/crucible filtration. Using optimized centrifugation protocols, recovery of dietary fiber from food 

samples increases 0.3 to 4% (absolute) depending on the matrix. Centrifugation methodology allows for 

the direct isolation of dietary fiber in the absence of celite, eliminating the need for duplicate digestions 

and allowing direct measurement of protein and ash from the isolated fiber residue. Additional structural 

and compositional analysis is now possible on the direct isolate using this modification to the dietary fiber 

determination. 

 

Sessions 7. New fiber development 

Sponsored by Grain Processing Corporation. 2:40-5:00 pm 

Chairs: Kris Spense and Fred Brouns  

 

Paper 1. Fiber intake status of Americans 

Alannah Moshfegh; USDA, Beltsville, Maryland, USA. 

Dietary fiber has been associated with decreased risk or improvements in several chronic diseases 

including obesity, coronary heart disease, cancer, and diabetes.  Nationwide food consumption data from 

What We Eat in America, NHANES 2009-2010 were examined to determine national estimates of usual 

dietary fiber intake distributions from food/beverages and compared to those estimates to the Institute of 

Medicine’s Adequate Intake (AI) recommendations for dietary fiber.  Estimates are based on data from 

8,686 individuals ages 1 year and older (excluding breast-fed children and pregnant or lactating females) 

who completed a 24-hour dietary recall using the USDA 5-step Automated Multiple Pass Method.  The 

mean daily intake (SE) of dietary fiber was 16.2 (0.18) g, an increase of 1 g from 2007-2008, and usual 

intake at the 50
th
 percentile was 15.4 g per day.  The AI for dietary fiber ranges between 19 g for 1-3 year 

old children to 38 g for 14-50 year old males.  Regardless of age or gender, most individuals did not meet 

their AI.  The percentage (SE) of adults 19 years of age and older with usual dietary fiber intakes above 

their AI was only 3 (0.7)% of males and 11 (0.9) % of females.  Older females 51-70 years of age were 

the group most likely to meet their AI with 20 (2.7)% having usual intakes above their AI for dietary fiber.  

Adults with higher dietary fiber intakes (≥ 80 percentile) had a more fiber-dense diet and were more 

likely to meet the Dietary Guidelines recommendations for fruits, vegetables, grains, and dairy.  Major 

sources of dietary fiber in the diets of individuals were grain products including mixed dishes containing 

grains (46%), vegetables (16%), snacks and sweets (13%), and fruits (12%).  

 

Paper 2. Molecular composition of dietary fiber determines its functionality, physiological effects and 

health outcomes 

Fred Brouns; "Health Food Innovation", Faculty of Health, Medicine and Life Sciences- Nutrition, 

Toxicology and Metabolism research Institute Maastricht (NUTRIM), Maastricht, Netherlands.  

Dietary fiber (DF) can be classified in various ways. Accordingly, most DF definitions contain aspects 

related to 1) the origin of the fiber (intrinsic/naturally present, extrinsic/isolated-added, 2) molecular 

composition, incl. the degree of polymerization (DP), Molecular weight (Mw) saccharide composition, 

chemical bonds and bound components in the terminal ends, 3) functional effects in food matrix and 

gastrointestinal lumen as a result of being insoluble/soluble, low/medium/highly viscous and 

low/medium/highly fermentable. These characteristics determine “in concert” the physiological effects” 

that impact on metabolism and health. For example, only soluble high molecular weight-viscous fibers, 

such as pectin, beta glucans and gums have potent effects on reducing the absorption rate of glucose and 

cholesterol in the small intestine. Only insoluble-poorly fermentable fibers like cellulose and bran exert 

significant effects on fecal bulking and stool volume. Only highly fermentable fibers have a significant 

effect on the metabolic activity and composition of intestinal microbiota, while the saccharide 

composition of such fibers significantly determine the ration of short chain fatty acids produced. For 

example fermentation of pectin results in a high acetate-low propionate and butyrate production, whereas 

fermentation of resistant starch, in comparison, favors a relatively high butyrate production. Since most 
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native fibers have mixed properties, understanding of these aspects is crucial for the interpretation of their 

effects on health. Alternatively, an appropriate selection of fiber types that are added to food and beverage 

with the goal to manage function and health is only possible by choosing first the target benefit, followed 

by selecting the most suitable fiber type(s). 

 

Paper 3. The use of corn bran to increase fiber content and improve gastrointestinal health 

 T. Armstrong; Grain Processing Corporation, Muscatine, IA, USA.  

Corn bran is an insoluble fiber source which contains greater than 80% total dietary fiber.  The purpose of 

this review is to summarize potential health benefits of corn bran, such as improved satiety which may 

result in weight control and gastrointestinal regularity. Willis et al. (2009) conducted a study with various 

fibers to see if there was a difference in satiety with different types of fiber.  This study showed corn bran 

and resistant starch had the most impact on satiety among various fibers.  In a clinical trial in 2008 at 

Iowa State University, it was shown that corn bran had a similar effect on laxation and glucose tolerance 

as wheat bran.  Twelve healthy human subjects consumed 15 grams of corn bran, 15 grams of wheat bran, 

or a lower fiber placebo in breakfast bars for 2 weeks each.  This study was conducted within their typical 

diets in a randomized crossover design with a 2-week wash out period between test periods.  The overall 

conclusion was the effect of corn bran did not differ significantly from wheat bran on laxation.  The blood 

glucose was not affected by either dietary fiber source after the 50 gram glucose challenge which is 

consistent with the literature.  Health Canada has approved corn bran as a novel fiber source since it has 

the same laxation effect as wheat bran. Corn bran can be used in snacks, cereals, baked goods, nutrition 

bars, and beverages to increase the fiber content of a food to 3 to 5 grams per serving.   

 

Paper 4. Evaluation of Mushroom Sclerotia as New Fiber Ingredients 

Shane Gao, Hilda W.K. Cheung, Peter C.K. Cheung; Food and Nutritional Sciences, The Chinese 

University of Hong Kong, Hong Kong, China. 

Mushroom sclerotia are rich in non-digestible carbohydrates (NDCs) such as β-glucans which are mainly 

polysaccharides with (1→3)-β-glucan as main chain and (1→6)-β glucosyl branches. In this study, the 

use of mushroom sclerotial β-glucans as novel fiber ingredients was evaluated in terms of their functional 

properties as well as prebiotic activities. The yield and chemical composition of mushroom sclerotial 

dietary fiber (MSDF) prepared from three mushroom species including Pleurotus tuber-regium (PT), 

Poria cocos (PC) and Polyporus rhinocerus (PR) were compared. All MSDF contained over 80% of β-

glucans with small amount of residual protein and minerals. The MSDF preparations were evaluated for 

their water holding and oil-holding capacity as well as emulsifying properties, which were comparable to 

cereal fiber materials. In vitro fermentation of the MSDF preparations were used to evaluate their 

prebiotic activity in terms of pH changes, production of short chain fatty acids (SCFAs) and proliferation 

of bacteria during a 72-hr batch fermentation by three human-derived pure cultures of Bifidobacterial 

longum, Lactobacillus brevis and Clostridium celatum. The MSDF preparations were fermentable by 

probiotic bacteria to give an acetate-rich SCFA profile. The physical attributes and sensory properties of 

high-fiber baked products including bread, cookies and crackers made from MSDF preparation obtained 

from PT were evaluated and were found to be comparable to those made from cereal fiber. Mushroom 

sclerotia have the potential to be utilized as new fiber ingredients. 

 

Paper 5. Pulse crops: dietary fiber content, glycemic response and the effects of crop variety 

Henry J. Thompson and Mark A. Brick; Cancer Prevention Laboratory (HJT) and the Department of Soil 

and Crop Sciences (MAB), Colorado State University, Fort Collins, CO, USA. 

In agrarian societies, it has been customary for pulse crops (dry beans, dry peas, lentils and chickpeas) to 

be combined with cereal grains to form the staple foundation of the diet.  WHO/FAO recommends a 

consumption ratio of 1 serving of pulse crop to 2 servings of cereal grains.  However, in developed 

countries this practice has been largely abandoned with limited awareness of how this impacts amount 

and type of dietary fiber consumed or the glycemic response to food. The soluble and insoluble fiber 

composition of different pulse crops was determined using the 2011 AOAC method for integrated dietary 

fiber analysis.  Data will be presented showing not only differences among crop types but also the effects 

of crop variety on fiber content. The glycemic response to these crops was measured in rodents, and 

differences among varieties will be reported. Analyses demonstrated that pulses are comparatively high in 
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total fiber and that fiber types differ from a cereal grain such as wheat.  Pulses provide substantial 

amounts of soluble fiber and oligosaccharides, which are largely absent from cereal grains.  Moreover, the 

glycemic response to equivalent amounts of carbohydrate varies both qualitatively and quantitatively 

between pulses and cereals with the response being lower in pulse crops such as dry bean.   Crop variety 

also impacts glycemic response. A framework for exploring these differences will be presented, and 

implications for weight control and chronic disease management will be discussed.  Supported in part by 

PHS Grant CA172375 from the National Cancer Institute, the USDA/NIFA Common Bean Coordinated 

Agricultural Project (BeanCAP), and the Colorado State University Agricultural Experiment Station.  

 

Paper 6. The appetite suppression capacity of Litesse
® 

polydextrose 

Alvin Ibarra
1
, Ratna Mukherjea

2
, Elaine Krul

2
, Arthur Ouwehand

1
, Sampo Lahtinen

1
 and Kirsti Tiihonen

1
;
 

1 
DuPont Nutrition and Health, Kantvik, Finland; 

2 
DuPont Nutrition and Health, St. Louis, MO, USA 

Litesse
®
 polydextrose is a water-soluble fiber which provides to foods the bulk and texture of sucrose, but 

at only one quarter the caloric value: 1kcal/g. The health benefits of Litesse
®
 include lowering the 

glycemic and insulinemic response, assisting in fat reduction and lipid metabolism, enhancing oral health, 

and improving digestive comfort. Recently, Litesse
®
 has demonstrated to supress appetite in several 

clinical trials, opening a new aproach to control body weight. The clinical trials consistenly demonstrate 

that Litesse
®
 helps to reduce energy intake and decrease appetite in healhty volunteers. The mechanism 

by which Litesse
®
 reduces energy intake is currently being investigated, and it is possible that the clinical 

benefit is a result of more than one mode-of-action. 

 

Paper 7. No synbiotic effect of arabinoxylan and Butyrivibrio fibrisolvens on intestinal butyrate 

production in rats. 

Tina S. Nielsen
1
, Markku Saarinen

2
, Sofia Forssten

2
, Stephanie Jackson

3
, Bent B. Jensen

1
 and Knud E. 

Bach Knudsen
1
;
 1
Dept. Animal Science, Aarhus University, Blichers Allé 20, P.O. Box 50, DK-8830 

Tjele, Denmark; 
2
DuPont Nutrition and Health, Sokeritehtaantie 20, FI-02460 Kantvik, Finland; 

3
Dept. 

Animal Science, University of Illinois, Urbana, IL, USA 

Background: The short-chain fatty acid (SCFA) butyrate produced in the large intestine by microbial 

fermentation of undigested carbohydrates (dietary fiber, DF) is essential for maintaining colonic function 

and health and has positive implications for peripheral insulin sensitivity and glucose homeostasis.  

Objective and design: To study the synbiotic effect of a prebiotic (arabinoxylan, AX) and a butyrate 

producing probiotic (Butyrivibrio fibrisolvens) on intestinal butyrate production. Twenty male rats per 

group were fed a high-fat (15%), low-DF (5%) Western-style diet (WSD), or the same diet containing 15% 

DF from wheat bran (AX diet, AXD) for 17 days. Every day during the last week rats were given either 

10
9
 cfu of B.fibrisolvens through a feeding tube to the stomach or placebo and maintained in metabolic 

cages where feces were collected and analyzed for SCFA. Portal and venous blood was obtained at 

slaughter and analyzed for SCFA and cecum digesta collected for SCFA and microbial composition.  

Results: The AXD resulted in higher cecal levels of F. prausnitzii, R. intestinalis and Bifidobacterium 

species. The cecum digesta butyrate concentration was almost twice as high in AXD as in WSD rats and 

portal blood butyrate was 3-4 times higher in AXD rats. There was no pro- or synbiotic effect on butyrate 

concentration in cecum digesta or portal blood. The diet effect was no longer visible in venous blood but 

for unknowns reasons probiotic treatment decreased the concentration of butyrate. The AXD resulted in 

40-80 times larger daily pool (mmol) of butyrate in feces during the last week of the experiment but there 

was no pro- or synbiotic effect.  

Conclusions: AX shifted the cecum microflora towards more butyrate producing species and increased 

butyrate concentration in cecum digesta and portal blood but there was no synbiotic effect of providing 

Butyrivibrio fibrisolvens together with AX on butyrate concentration in the cecum.  Financial support for 

this study was provided by the Danish Strategic Research Council (ButCoIns; Project No. 10-093526). 
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Session 8. Emerging Benefits of Fiber 

Sponsored by Ingredion. 3:20-5:00 pm 

Chairs - Roy Martin and Christine Pelkman 

Paper 1. Fiber and the brain  

Michael Keenan; Louisiana State University Agricultural Center, Baton Rouge, LA, USA. 

Interest in the microbiota (ileum and colon bacteria) has greatly increased over the last few years. The 

microbiota affects the host. Initially, it was believed that differences in types of bacteria affected gut 

health. Later, researchers determined that the microbiota also had an effect on metabolism, and lean and 

obese individuals had different microbiotas. Scientists have recently been investigating the role of the 

microbiota in function of the brain. This occurs with the gut-brain axis, which is a neurohumoral 

communication system. Initial research was on the effect of the brain on gut health, but recently 

researchers have shown that the gut microbiota can affect brain development and behavioral phenotypes. 

High throughput methods have fostered greater understanding of the bacteria in the gut and improved the 

research. Currently, it is hypothesized that future studies on the microbiota may help prevent and treat 

mental illness, including anxiety and depression. The composition of the microbiota is highly dependent 

on diet and is altered by diets high in fiber with beneficial effects extending beyond the gut to the brain. 

For example, mice fed high-amylose maize resistant starch improved motor function and appetitive 

responses in association with changes in the microbiota that included increased Bifidobacteria, 

Lactobacilli, and Clostridial clusters IV and XIVa + b. Changes in the microbiota, such as these, 

positively affect health by direct and indirect interactions through their fermentation products, short-chain 

fatty acids (acetate, propionate and butyrate). Recently it was demonstrated that propionate and butyrate 

affect intestinal gluconeogenesis, which has beneficial effects for glucose and energy homeostasis. This 

mechanism may be common to health benefits, such as brain development and behavior, characteristic of 

changes in the microbiota as a result of consumption of fermentable fiber. 

 

Paper 2. Is there a role for dietary resistant starch in improving healthspan? 

Roy Martin; Western Human Nutrition Research Center, Davis, CA, USA. 

In recent years, there has been increasing appreciation of the role gut microbiota plays in immune 

function, energy metabolism, behavior, motor function, and overall maintenance of health. Evidence will 

be presented that perturbations in the gut microbiota are associated with and play a role in aging. For 

example, it has been shown that acarbose, an inhibitor of starch digestion, increases life span in male mice. 

Acarbose would be expected to have a major impact on the gut microbiota by increasing the amount of 

starch available for fermentation, in a manner similar to dietary resistant starch. Dietary resistant starch 

appears to mimic many of the metabolic responses seen with caloric restriction, an intervention which 

retards aging. For example, mice fed resistant starch have an increase if fatty acid oxidation, a decrease of 

fatty acid synthesis and lowering of serum triglycerides, and improved insulin sensitivity. In addition, 

feeding resistant starch and caloric restriction both increase gut Bifidobacterium Spp. and Clostridium 

Cluster IV which are associated with good gut health and production of butyrate. Butyrate may be 

important in enhancing gut barrier function as well a blood brain barrier function, both of which are 

compromised with aging. Finally, when resistant starch if fed to aged mice there is an improvement in 

two behaviors associated with aging, anorexia and impaired motor coordination.  

 

Paper 3. Increasing dietary fiber intake to reduce plasma levels of colon-derived uremic solutes in 

hemodialysis patients 

Timothy Meyer; Departments of Medicine, Stanford University and VA Palo Alto HCS, Palo Alto, CA, 

USA. 

Numerous solutes are derived from the action of colon microbes on peptides which escape digestion in 

the small intestine.  Many of these solutes are excreted by the kidneys and accumulate in the plasma when 

the kidneys fail.  High levels of two such "uremic" solutes, indoxyl sulfate and p-cresol sulfate, have been 

associated with vascular injury and mortality in patients with renal failure, and experimental studies 

further suggest that they are toxic. Because indoxyl sulfate and p-cresol sulfate are bound to plasma 

proteins, they are poorly cleared by hemodialysis.  An alternate means to lower their plasma levels is to 

reduce their production. One potential means to suppress the production of these and other compounds 

made by microbes from amino acids is to increase dietary fiber intake.   Increased fiber delivery to the 
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colon may cause the microbes to utilize amino acids for growth rather than converting them to uremic 

solutes.  In addition, fiber may alter the colon's microbial population in such a way as to decrease the 

production of undesirable solutes and may reduce the colon transit time available for microbial 

metabolism.  We recently tested whether providing fiber to hemodialysis patients would reduce their 

plasma levels of indoxyl sulfate and p-cresol sulfate.  Forty patients received daily supplements of either 

fiber (n=20) or a control starch (n=20) for 6 weeks.  Fiber was administered as 18 g/day of resistant starch 

from high amylose maize.  Increasing fiber intake reduced the plasma levels of indoxyl sulfate without 

causing gastrointestinal or other side effects. Increasing fiber intake also reduced the plasma levels of p-

cresol sulfate but the difference between the fiber and control groups did not achieve statistical 

significance.   Results are in accord with the hypothesis that increasing fiber intake can reduce levels of 

colon-derived uremic solutes without intensifying the dialysis prescription. 

 

 

MARCH 28, 2014 

 

Session 9. General Session 

Sponsored by Roquette. 8:00-10:15 am 

Chair: Bertrand Rodriguez (Roquette) and Zheng Jake Chen (University of Texas) 

 

Paper 1. The absorption of betaine from fiber rich breads  

Mette Skou Hedemann, Peter Kappel Theil, Helle Nygaard Lærke and Knud Erik Bach Knudsen; 

Department of Animal Science, Aarhus University, 8830 Tjele, Denmark. 

Background: Betaine is abundant in cereals, especially in wheat and rye where it is located in the aleurone 

cell layer. However, the bioavailability of betaine from cereals is unknown.  

The objective of the present investigation was to study the absorption of betaine from cereal diets 

differing in amount and source of dietary fiber using pigs as models for humans.  

Methods: Porto-arterial catheterized pigs were fed either a) a low fiber diet supplemented with betaine (50 

mg kg
-1

) (LF-bet), b) bread based on whole wheat grain (WWG) or wheat aleurone enriched flour (WAF) 

or c) rye bread with intact or milled rye kernels. The absorption of betaine was determined for four hours 

after the first daily meal. Betaine was quantified using an LC-MS analysis.  

Results: When feeding LF-bet, there was a rapid increase in plasma betaine after 30 min with a distinct 

arterial-venous (A-V) difference. In contrast, only minor A-V differences were observed when feeding 

the high fiber breads and with peak plasma levels reached 60-90 min postprandial. WWG and WAF 

contained the same amount of dietary fiber but the content of betaine was highest in WAF and 

consequently pigs fed WAF had the highest plasma betaine. Plasma betaine showed no diet x time 

interaction indicating that the absorption kinetic was similar from the two fiber sources. The rye breads 

did not differ in betaine content and caused no difference in the postprandial betaine profile showing that 

the betaine accessibility was equal in ground rye and rye kernels.  

Conclusions: Betaine in cereal sources has to be liberated from the matrix prior to absorption causing 

delayed absorption. The absorption profile of added betaine was similar to those found in humans and 

hence pigs may be considered a good model for humans. 

This research was supported by the Nordic Centre of Excellence SYSDIET. 

 

Paper 2. The interaction of inulins with the immune system as measured in vitro 

Scott Turowski
1
, Diederick Meyer

2
, Leonie Vogt

3
, Paul de Vos

3
; 

1
Sensus America, Lawrenceville, USA; 

2
Sensus, Roosendaal, the Netherlands; 

3
University Medical Center Groningen, Groningen, The 

Netherlands. 

Dietary fiber is known for its health benefits for a long time. It is present in a large range of food products, 

for example, in grains, fruits and vegetables and legumes. However, from the daily consumption of this 

food we do not reach the recommended daily intake of fiber. In fact, we generally only consume about 

half (about 15 g/d) of the suggested intake. To increase our intake food products are supplemented with 

fibers, and to that end inulins, the β(2,1)-fructans extracted from chicory roots, are often used. These 

ingredients not only have attracted a lot of attention because of their fiber properties, they are also at the 

basis of the term prebiotics: non-digestible carbohydrates that confer health benefits by specific 
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stimulation of the activity and/or numbers of healthy bacteria in the colon. An overview will be presented 

of the prebiotic activity of these food ingredients as found in human volunteers of all ages and the 

associated health benefits.  Among the latter, emphasis will be on the effects on the immune system. The 

interaction with the immune system can occur at different levels and so far focus has been on the 

consequences of the changes in microbiota and its activity following inulin consumption. Fermentation 

products interact with G protein coupled receptors which affects the production of cytokines, 

bifidobacteria produce bacteriocins and other products inhibiting growth of pathogens, all leading 

potentially to an improved performance of the immune system (such as a lowered risk for traveller’s 

diarrhoea). Direct interaction has been suggested, but so far data are limited. Based on in vitro studies 

with human peripheral blood mononuclear cells, we will show that such interaction can occur, which 

receptors are involved, what the consequences are in terms of cytokine production and moreover, how 

chain length of the inulins influences these effects. 

 

Paper 3. Fermentation properties of wheat dextrin, with a focus on NUTRIOSE
®
  

Bertrand Rodriguez
1
, Wils D

1
,  Lefranc-Millot C

1
, Hobden M

2
, Panasevich MR

3
, Stewart ML

4
; 

1
Roquette, 

Lestrem, France, 
2
Department of Food and Nutrition Sciences, University of Reading, Reading, United 

Kingdom, 
3
Division of Nutritional Sciences, University of Illinois, Urbana, IL, USA, 

4
Department of 

Human Nutrition, Food, and Animal Science, University of Hawaii at Manoa, Honolulu, HI, USA. 

Fiber fermentability is difficult to study in vivo due to the invasiveness of the methods, the dynamic 

nature of the colon, and the potential absorption of short chain fatty acids (SCFA) by the mucosa. The 

impact of wheat dextrin such as NUTRIOSE
®
 on digestive ecology has been evaluated using in vitro, 

animal and human trials at different doses.  In vitro fermentation systems (stirred batch or three-stage 

continuous culture human colonic model) were inoculated with human feces to mimic colonic conditions 

and provide an estimate of fermentability. Inoculations of wheat dextrin were followed by regular 

sampling and total or specific SCFA were measured by gas chromatography. Microbial composition was 

analyzed using 16S rRNA-based fluorescence in situ hybridization. In dogs, NUTRIOSE
®
 added diets 

were given during 10-day before starting total and fresh feces collection for 4 days and assessing the 

microbiota profile using 454-pyrosequencing method.  In humans, fecal microbial changes after ingestion 

were evaluated using either counting or quantitative Real Time – Polymerase Chain Reaction methods. 

Enzymes, pH, SCFA were also assessed on fecal samples.  In the in vitro experiments, inoculation of 

wheat dextrin induced unique SCFA’s production kinetics and profiles: while acetate was the most 

prevalent in the batch fermentation system, butyrate was higher in concentrations in the three-stage model. 

Moreover, in the latter, increased counts of total and of some key butyrate-producing bacteria were 

noted.In dogs, at the concentrations used, some interesting effects were observed at some genus or species 

levels.  In humans, depending on the doses used, a stimulated growth of lactobacilli or Bacteroides and an 

inhibited growth of Clostridium perfringens, an increased beta-glucosidase activity, a decreased colon pH 

and an increased SCFAs production were observed with NUTRIOSE®.  

With an outstanding digestive tolerance, wheat dextrin has a beneficial impact on colonic ecology and a 

nutritional potential for obesity prevention.  This research was partly funded by Roquette (France). 

 

Paper 4. Impact of the soluble wheat dextrin NUTRIOSE
®
 on weight management and biomarkers of 

metabolic syndrome: particular properties supporting this effect 

Guérin-Deremaux L and  Lefranc-Millot C; Roquette, Lestrem, France. 

Strong epidemiologic evidences support the role of dietary fibre intake in weight management, indeed 

influencing anthropometric parameters and caloric intake. However, given their extreme variability, fibres 

differ widely in the degree of satiety and health benefits they provide. In parallel, prebiotic fibre like 

NUTRIOSE
®
 have demonstrated some beneficial impact on the metabolism, and the modulation of the 

gut microbiota (thanks to colonic fermentations) has been hypothesized to influence energy balance.  

In a first study, NUTRIOSE
®
 ingested at breakfast decreased ghrelin concentrations in response to the 

subsequent lunch, even if the caloric load ingested at breakfast was lower. This effect may be linked to 

the late and long-lasting gut fermentations highlighted for NUTRIOSE
® 

and the prolonged oxidation 

pattern seen in the late postprandial phase. The prolonged release of energy from the resistant dextrin 

might potentially induce a delay in the return of hunger and enhance satiety. In another study, oral 

supplementation with NUTRIOSE
®
 (12 weeks, 34 g/d) had induced a significant decrease in hunger 
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feeling associated with reductions in caloric intakes and body weight of 120 overweight subjects, and 

improvements of several biomarkers of the metabolic syndrome. Some of these results were later 

confirmed in a trial where consumption of NUTRIOSE
®
 for 9 weeks in 100 overweight individuals 

induced significant time- and dose-related effects on short-term satiety, hunger feeling and caloric intakes, 

for dosages from 8 to 24 g/d, in correlation with a significant reduction in body weight starting with the 

14 g/d dose.  The links between the effects of soluble dietary fibre on the gut ecology, weight 

management and satiety are more and more highlighted. The above results associated to others about the 

fermentation pattern of NUTRIOSE
®
 suggest that the colonic effects might be key factors in its observed 

benefit on food intake and weight management.  This research was funded by Roquette (France).  

 

Paper 5. A key role of gut microbiota in mediating the protection against metabolic syndrome by 

Fibersol
®
-2 

Baokun He
1
, Seung-Hee Yoo

1
, Kazuhiro Shimomura

2
, Zheng (Jake) Chen

1
; 

1
Department of Biochemistry 

and Molecular Biology, Univ. of Texas Health Science Center at Houston, Houston, TX 77030, USA. 
2
Matsutani America, Inc., Itasca, IL, USA.   

Dietary fibers are known to modulate gut microbial composition; conversely, gut bacteria also ferment 

fibers to modulate host metabolism and physiology. Fibersol
®
-2 is a soluble, digestion-resistant 

maltodextrin widely incorporated in various food products for human consumption. In the current study, 

we employed mouse models to investigate a possible protective role of Fibersol
®
-2 against obesity/type 2 

diabetes (T2D) and to determine the regulatory function of gut bacteria. Fibersol
®
-2 intake was found to 

mitigate body weight gain in both diet-induced obesity (DIO) and T2D db/db mouse models; 

concomitantly, glucose tolerance tests revealed improved glucose tolerance and insulin sensitivity in 

Fibersol
®
-2 treated mice. Real-time qPCR analysis of white adipose tissues showed diminished 

expression of pro-inflammatory cytokine genes including TNF-alpha and IL-6 from Fibersol
®
-2 treated 

mice, and H/E staining also found reduced numbers of crown-like structures, indicating attenuated 

adipose tissue infiltration of macrophages. Consistent with a prebiotic function of Fibersol
®
-2, 16S rRNA 

sequencing of gut microbiome revealed phylum- and genus-level changes in Fibersol
®
-2 treated db/db 

mice compared with control db/db mice. Remarkably, transplantation of microbiota from Fibersol
®
-2 

treated mice to untreated mice resulted in pronounced and progressive improvement in glucose tolerance 

and insulin sensitivity. In agreement with previous results from T2D patients, 16S rRNA gene sequencing 

of gut microbiome from recipient mice elucidated a positive correlation between abundance of Firmicutes 

and improved insulin response. In particular, Lactobacillus and Ruminococus were enriched in Fibersol
®
-

2 recipient mice relative to control recipient mice. Taken together, these studies establish a robust 

protective role of Fibersol
®
-2 against metabolic syndrome, and indicate a predominant contribution from 

its prebiotic action on gut microbiota. 

This work is supported by Matsutani America, Inc. 

 

Paper 6. Effects of resistant maltodextrin and fructooligosaccharides on fasting GLP-1 levels and glucose 

tolerance in rats 

Tohru Hira
1
, Asuka Ikee

2
, Yuka Kishimoto

3
, Sumiko Kanahori

3
, Hiroshi Hara

1
; 

1 
Research Faculty of 

Agriculture, Hokkaido University, Sapporo, Japan, 
2 
Graduate School of Agriculture, Hokkaido 

University, Sapporo, Japan, 
3 
Research & Development, Matsutani Chemical Industry Co., Ltd., Itami, 

Hyogo, Japan. 

Objective: Glucagon-like peptide-1 (GLP-1) is one of incretin hormones produced and released from 

enteroendocrine L cells mainly located at the ileum and the large intestine. Postprandial GLP-1 secretion 

is stimulated by luminal nutrients such as glucose, fatty acids, peptide and amino acids. However, 

regulations of fasting (basal) GLP-1 levels by dietary components are unknown. In the present study, we 

examined whether the feeding of non-digestible saccharides affected fasting GLP-1 levels, and glycemic 

control in rats. 

Methods: Male Sprague-Dawley rats (6 weeks of age) were fed one of following diets; AIN-93G based 

diet containing cellulose (5%) as control, resistant maltodextrin (RMD, 2.5 or 5%) or 

fructooligosaccharides (FOS, 2.5 or 5%) for 7 weeks. During the test period, an intraperitoneal glucose 

tolerance test (IPGTT) was conducted at 6 weeks after overnight fasting. After 7 weeks of the feeding, 

portal blood and tissue samples were collected. 
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Results and Discussions: Fasting glucose and insulin levels at 6 weeks were not different among 

treatments, but fasting GLP-1 level was significantly higher in RMD-5% group compared to control 

group. During IPGTT, the glycemic response was lower in RMD-5% group than control group. After 7 

weeks, portal GLP-1 level was higher in RMD-5% group than control group, and glucose-dependent 

insulinotropic polypeptide (GIP) levels are similar in all groups. Portal glucose levels were unchanged, 

while the insulin level was the lowest in RMD-5% group. Cecal tissue weight and content were increased 

in RMD-5% group accompanied by decreased pH in the cecal content. FOS groups showed intermediate 

values on various parameters between control and RMD groups. These results demonstrate that dietary 

RMD increased fasting GLP-1 levels in rats, which possibly contributes to improvements of glucose 

tolerance and insulin sensitivity. 

 

Paper 7. A diet high in arabinoxylan is more efficient in modulating fecal microbial composition and 

large intestinal butyrate than resistant starch – a model experiment with pigs 

Tina S. Nielsen
1
, Helle N. Laerke

1
, Peter K. Theil

1
, Jens F. Sørensen

2
, Markku Saarinen

3
, Sofia Forssten

3
 

and Knud E. Bach Knudsen
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1
Dept. Animal Science, Aarhus University, Blichers Allé 20, P.O. Box 50, 

DK-8830 Tjele, Denmark; 
2
DuPont Industrial Biosciences, Edwin Rahrs Vej 38, DK-8220 Brabrand, 

Denmark, 
3
DuPont Nutrition and Health, Sokeritehtaantie 20, FI-02460 Kantvik, Finland. 

Background: Sufficient amounts of the short-chain fatty acid (SCFA) butyrate produced in the large 

intestine by microbial fermentation of undigested carbohydrates (dietary fiber, DF) is essential for 

maintaining colonic function and health and has positive implications for peripheral insulin sensitivity 

and glucose homeostasis.  

Objective and design: We studied the effects of including a high level of DF (19%) either as resistant 

starch (RS diet, RSD) from raw potato starch and Hi-maize
®
 or arabinoxylan (AX diet; AXD) from 

hydrolyzed wheat bran and rye flakes in a high-fat, low DF (7%) Western-Style diet (WSD) on digestion 

processes, intestinal SCFA production and gene expression and fecal microbial composition in pigs as 

models for humans. Ten male pigs per group were fed the WSD, RSD or AXD for three weeks. Feces and 

blood was collected weekly and at slaughter digesta and mucosa was obtained from the distal small 

intestine, cecum, proximal- mid- and distal colon.  

Results: The AXD resulted in higher fecal levels of F. prausnitzii, R. intestinalis, Blautia coccoides-

Eubacterium rectale group and Lactobacillus species in week three compared with the other two 

treatments. Both high-DF diets increased the daily pool (mmol) of total SCFA in the cecum, proximal, 

mid and distal colon compared to the WSD, with the AXD being most effective in the cecum and also 

increasing total SCFA in the distal small intestine. The daily pool of butyrate was 2-4 times higher in the 

cecum, proximal and mid colon following the AXD compared to the WSD with the RSD falling in 

between in the cecum and proximal colon.  

Conclusion: AX was more efficient than RS in shifting the large intestinal microflora towards more 

butyrate producing species, which was clearly reflected in a higher daily pool of butyrate in the cecum, 

proximal and mid but not distal colon of AXD pigs.   

Financial support for this study was provided by the Danish Strategic Research Council (ButCoIns; 

Project No. 10-093526) 

 

Session 10 Regulations 

Sponsored by Kellogg. 10:35 am-12:10 pm  

Chairs: Anne Birkett and Susan Cho 

 

Paper 1. The proposed rule on the labeling of dietary fiber in the Nutrition Facts label 

Paula Trumbo; US FDA, College Park, MD, USA. 

The US Food and Drug Administration (FDA) recently published a proposed rule to amend various 

provisions of the regulations for the Nutrition Facts label. Current FDA regulations do not provide a 

definition for dietary fiber.  The Institute of Medicine (IOM) issued a report defining “total fiber” as the 

sum of “dietary fiber” and “added fiber,” where “dietary fiber” consists of non-digestible carbohydrates 

and lignin that are intrinsic and intact in plants, and “added fiber” (later referred to as “functional fiber”) 

consists of isolated, non-digestible carbohydrates that have beneficial physiological effects in humans.   

FDA is proposing a single definition for dietary fiber that is equivalent to the IOM’s definition for “total 
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fiber.” The following definition for dietary fiber is proposed: (1) non-digestible soluble and insoluble 

carbohydrates (degree of polymerization (DP) of ≥ 3) and lignin that are intrinsic and intact in plants; (2) 

isolated and synthetic non-digestible carbohydrates (DP of ≥ 3) that FDA has granted be included in the 

definition of dietary fiber, in response to a petition submitted to FDA via a Citizen petition demonstrating 

that such carbohydrates have a physiological effect(s) that is beneficial to human health; or (3) isolated 

and synthetic non-digestible carbohydrates (DP of ≥ 3) that are the subject of an authorized health claim. 

Voluntary declaration of soluble fiber and insoluble fiber would require meeting the proposed definition 

of dietary fiber. FDA is also proposing to use the Adequate Intake of 14 g/1,000 kcal as the basis for a 

Daily Value for dietary fiber.  Using a reference calorie intake of 2,000 calories, FDA is proposing a 

Daily Value of 28 g for dietary fiber. Finally, FDA is proposing to assign 2 kcal/g as the caloric value for 

soluble fiber which is currently 4 kcal/g. 

 

Paper 2. Fiber regulations in Canada 

Claudine Gourgue; Food Directorate, Health Canada 

The mission of Health Canada is to help Canadians maintain and improve their health, and the Food 

Directorate is the federal authority responsible for setting standards, establishing policies and providing 

advice and information on the safety and nutritional value of food. Over the past two years, the Food 

Directorate’s Bureau of Nutritional Sciences conducted several activities in order to effectively transform 

the Canadian food premarket sector. In 2012, a new Policy for Labelling and Advertising of Dietary 

Fibre-Containing Food Products was published and this policy brought Canada up-to-date with 

international standards with regard to the fibre definition, the physiological effects recognized for dietary 

fibre and a more accurate fibre energy value. In February 2014, the Food Directorate adopted a more 

flexible approach concerning the novel fibre premarket assessment and informed stakeholders that 

submissions for obtaining Health Canada’s opinion were voluntary. With regard to the acceptable 

conditions for making specific food health claims such as, a prebiotic claim, a satiety claim or a claim for 

a reduced post-prandial glycaemic response, three proposals were developed and submitted to 

consultation in 2012 and 2013. The intent of these guidance documents is to assist industry in complying 

with subsection 5(1) of the Food and Drugs Act. The objectives of the presentation will be to provide an 

update on these initiatives related to dietary fibres and health claims. 

Paper 3. FDA’s evaluation of GRAS food ingredients  

Judith Dausch; Office of Food Additive Safety, Rm. 2058, Center for Food Safety and Applied Nutrition, 

US FDA, College Park, MD, USA.  

Dietary fiber from various sources has been the subject of more than 10 Generally Recognized as Safe 

(GRAS) notices that have been voluntarily submitted to FDA via its GRAS Notification Program.  FDA’s 

evaluations of manufacturers’ GRAS notices depends on the regulatory framework for food ingredients 

laid out under the Federal Food, Drug, and Cosmetic Act (the Act). Under the Act, there is a single 

standard for “safe” pertaining to food additive uses and GRAS ingredient uses.  The regulatory 

framework for ingredients added to food, the safety standard, and the criteria that set GRAS ingredient 

uses apart from food additive uses, namely, availability of appropriate safety data to qualified experts and 

consensus among those experts, will be the focus of this presentation. Case studies highlighting the types 

of data and information in GRAS notices for food uses of fiber and how FDA evaluated such notices will 

be used to reinforce key points. 

 

Session 11. - A Framework for determining the physiological benefits of fiber 

Sponsored by ILSI.  1:10-2:50 pm 

 

Paper 1: The Nine Vahouny health benefits: The launch of a new database 

Nicola M. McKeown
1,2

, Kara A. Livingston
1
, Ding Ding Wang

3
, Susan B. Roberts

1
, Mei-Chun Chung

3
; 

1
U.S. Department of Agriculture, Jean Mayer Human Nutrition Research Center on Aging, Tufts 

University, Boston, MA; 
2
Friedman School of Nutrition Science and Policy, Tufts University, Boston, 

MA; 
3 
Nutrition/Infection Unit, Department of Public Health and Community Medicine, Tufts University 

School of Medicine, Boston, MA, USA. 
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Evidence mapping is a new methodology in nutritional epidemiology, designed to capture the research activity 

in topic areas and has shown to be a useful tool in influencing research priorities, systematic reviews, and 

meta-analyses.  The health benefits of dietary fiber have been extensively studied; yet, there is no publically 

available dataset that comprehensively includes a searchable list of dietary fibers and links them to specific 

health benefits.  The CODEX Alimentarius definition of dietary fiber includes all nondigestible carbohydrate 

polymers with a degree of polymerization of 3 or more and can be classified into three categories (1) fibers that 

are intrinsic and intact; (2) fibers that are extracted from food materials by some physical, chemical, or 

mechanical means; and (3) fibers that are synthesized or modified.  A comprehensive dietary fiber database, 

designating individual fibers to a Codex fiber type, would serve as a useful tool to help scientists in academia 

and industry identify potential research gaps for specific fibers in relation to health outcomes.  To build this 

evidence-map database, we conducted a literature search for intervention studies and prospective studies of 

humans published in English, from 1946 to September 2013.  Our search strategy included a broad definition 

of fiber search terms, as well as search terms for the nine agreed upon Vahouny health outcomes. Screening of 

identified abstracts was based on a priori defined eligibility criteria and used a low threshold for inclusion to 

minimize the likelihood of rejecting articles of interest.  Accepted abstracts (n=7,257) were retrieved and full-

text screened. The evidence-map database is built and will be published on the Systematic Review Data 

Repository (SRDR™), a web-based, publicly available application.  This resource will reduce the unnecessary 

replication of effort in conducting a systematic review by serving as both a central archive and data extraction 

tool.  This presentation will review the methodology, highlight the usefulness in establishing a publically 

available comprehensive fiber database, and provide examples of how evidence maps can facilitate efficiency 

of efforts in dietary fiber research. 

 

Paper 2. The case for fiber variety  

Julie Jones, St. Catherine University, MN, USA. 

Dietary fiber (DF) has been listed as a ‘nutrient of concern’ because in the US, and around the world, there is a 

significant gap between actual and recommended intakes.  In some cases, average DF intakes for the 

population are below half of that recommended; thus, fiber intakes must be increased.  In order to do this, a 

two-pronged effort, that includes a continued effort to increase consumption of foods naturally rich in DF 

coupled with a call to include foods customarily in the diet that have been fortified with added DF, is 

necessary. With such an approach, the fiber gap can be narrowed, while making certain that calorie levels 

remain neutral. Given the current obesity problem, it is critical that fiber must be increased without added 

calories.  This talk will give data about the fiber gap and use diet models to show how the two- pronged 

approach of increasing fiber-rich foods. This talk will also address another critical aspect to the case for fiber 

variety.  Not only can a variety of fibers help narrow the gap within energy needs, but also insure that a variety 

of fiber types are consumed.  With the right total amount of fiber and the balance of fiber types, the various 

important physiological roles DF can be fulfilled.  Thus an analogy can be made to vitamins, where the 

optimal diet contains not only right total quantity but also the right balance of various individual DF types.  

Paper 3. Approaching fiber from a regulatory perspective 

Stuart Craig, DuPont, USA. 

In early March 2014, the US Food and Drug Administration (FDA) published a proposed rule, outlining 

tentative determinations and seeking comments regarding revisions to the Nutrition Facts Panel (NFP). In this 

document, they “tentatively conclude that a regulatory definition for dietary fiber should be one that 

emphasizes the physiological effect that is beneficial to human health.”  They also propose a single definition 

for dietary fiber that is equivalent to the Institute of Medicine’s definition for ‘total fiber,’ deciding not to 

distinguish between intrinsic and non-intrinsic sources. Revisions to the NFP are an important step in closing 

the current fiber gap in the US, and as the FDA moves forward in finalizing this rule, there remain points for 

discussion on how best to do so.  This talk will lay out the approaches by the FDA, Health Canada and 

CODEX in defining fiber, comparing perspectives on the degree of polymerization, isolated and synthetic non-

digestible carbohydrates, analytic methods, caloric value, and physiological benefits. Does the perfect model 

already exist? If not, is there a combination of approaches that can be employed? By comparing existing and 

proposed approaches, this talk will pave way for an audience discussion on these issues, with particular focus 

on how to establish a fiber ingredient as having physiological benefits important to human health.   
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