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WELCOME IN THE HAGUE! 
 
Over the past two decades, the microbiota in the gastrointestinal tract of humans and animals has 
been increasingly shown to be important for health and disease. Moreover, the benefit of probiotics 
and prebiotics has been shown in various areas, such as allergy, obesity, inflammatory disease, brain 
development, competitive exclusion of pathogens, stool habit, etc. Furthermore, probiotics and 
prebiotics are used in infant formula to direct the development of the endogenous microbiota or the 
infant's mucosal immune system. Several studies on how probiotics might work have been recently 
published. The role of prebiotics in directing the composition and activity of the endogenous microbiota 
is also studied widely. 
 
The 4th Beneficial Microbes Conference will highlight the most recent advances in the 
understanding of the mechanisms behind the health benefit of probiotics and prebiotics and how the 
endogenous microbiota influences health and disease. Specific topic areas in humans and animals 
include beneficial microbes and host metabolism, gut-brain communication, immune modulation, oral 
and gut health, as well as application of beneficial microbes and effects on drug efficacy. Moreover, 
the results from several international consortia working on probiotics and prebiotics will be presented 
in a dedicated session. High-quality speakers, ample time for discussions, and every opportunity to 
establish rewarding contacts are conference values we want to uphold creating a platform for new 
initiatives for the application of beneficial microbes in food, feed and healthcare. 
 
You are invited to take part in the discussions with participants from different disciplines and meet 
business relations in your area. The members of the Advisory Committee and Organising Committee 
wish you an active and fruitful meeting! 
 
 
ADVISORY COMMITTEE 
 
Dr. Frédérique Chaucheyras-Durand Lallemand, France 
Dr. Gabriele Hörmannsperger Technische Universität München, Germany 
Dr. David Keller Ganeden Biotech, Inc., USA 
Prof.dr. Jan Knol Danone and Wageningen UR, the Netherlands 
Dr. Annick Mercenier Nestlé Research Center, Switzerland 
Dr. Jiro Nakayama Kyushu University, Japan 
Dr. Gregor Reid University of Western Ontario, Canada 
Prof.dr. Jerry Wells Wageningen UR, the Netherlands  
 
 
ORGANISING COMMITTEE 
 
Helena Bastiaanse, M.Sc. Bastiaanse Communication, the Netherlands  
Prof.dr. Bart Keijser TNO, the Netherlands 
Dr. Marjorie Koenen consultant, the Netherlands 
Dr. Koen Venema Beneficial Microbes Consultancy, the Netherlands 
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SAND SCULPTURE PARTY 
 
Monday 16 March 2015 
18:00 – 19:30 
 
Your creative future begins here! 

As a special end to the first day of the conference, there will be a unique Sand Sculpture Party at the 
indoor location of the NH Atlantic Hotel. 

Join us to create pieces of sand art under the supervision of sand sculpturing experts from the Sand 
Gallery Kijkduin. 

Or just take some drinks and finger food, and watch the budding artists among your colleagues! 

 

 
 

      
  

      
 
 
 

 
http://www.wssa.info 
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PROGRAMME AT A GLANCE 
 
Monday 16 March 2015 
 

12:45 – 13:00 Conference opening 

13:00 – 14:00 Keynote Lectures 

14:00 – 15:45 
Plenary meeting 

Legislative and regulatory framework –‘Tour-du-Monde’ 

16:15 – 18:00 

Parallel session 1 
Effect of pre- and probiotics on 

the immune system during 
early life 

Parallel session 2 
How microbes affect brain 

development and behaviour 

 

18:00 – 19:30 Sand sculpture party 

 

 
Tuesday 17 March 2015 
 

08:30 – 10:15 
Parallel session 3 

The role of beneficial microbes in 
delaying ageing 

Parallel session 4 
Beneficial microbes also 

affect oral health 

10:45 – 12:30 

Parallel session 5 
Intestinal health -  challenges in 
the transfer of experimental data 

into applications 

Parallel session 6 
The growing importance of 

beneficial microbes in animal 
nutrition and health 

12:30 – 13:30 Lunch break & poster viewing 

13:30 – 15:30 
Parallel session 7 

The battle against obesity – the 
role of beneficial microbes 

Parallel session 8 
The influence of gut 

microbiota on drug efficiency 

16:00 – 17:00 
Plenary meeting 

Speed presentations* 

17:00 – 18:00 Poster viewing & drinks 

20:00 Conference dinner (reservations only) 

* Short presentations by selected poster presenters  
 
 
Wednesday 18 March 2015 
 

08:30 – 10:30 

Parallel session 9 
Novel applications of our old 
friends, beneficial microbes 

 

Parallel session 10 
International projects focused 

on beneficial microbes – 
research in progress 

11:00 – 12:15 
Plenary meeting 

Where do we go from here? 

12:15 – 12:30 
Summary and conclusions 

Conference closing 

 
 
 



4th Beneficial Microbes Conference  7 
16-18 March 2015, The Hague, the Netherlands 

CONFERENCE PROGRAMME 
 
MONDAY 16 MARCH 2015 
 
12:45 Opening of the 4th Beneficial Microbes Conference 
 Dr. Koen Venema, Beneficial Microbes Consultancy, the Netherlands  
 
KEYNOTE LECTURES 
 
13:00 Archaeological dental calculus: a microbial, molecular Pompeii  

Dr. Enrico Cappellini, Natural History Museum of Denmark, University of Copenhagen, 
Denmark 
 

13:30 The human intestine microbiota – small intestinal microbiota composition and function 
 Prof.dr. Michiel Kleerebezem, Host Microbe Interactomics Group, Wageningen University and 

NIZO food research, the Netherlands 
 
PLENARY MEETING: LEGISLATIVE AND REGULATORY FRAMEWORK – ‘TOUR-DU-MONDE’ 
 
Chair: Dr. David Keller, Ganeden Biotech, Inc., USA 
 
14:00 A regulatory update on pre- and probiotics in the EU food chain (from farm to fork) – bugs in 

the system? 
Dr. Elinor McCartney, Pen & Tec Consulting, Spain 
 

14:20 Probiotics for functional foods and dietary supplements in the USA: regulatory hurdles 
 Dr. John Endres, AIBMR Life Sciences, Inc., USA  
 
14:40 Pre- and prebiotics in Latin America: regulatory framework 

Prof.dr. Célia Lúcia de Luces Fortes Ferreira, Department of Food Technology, Federal 
University of Viçosa, Brazil 

 
15:00 Evidentiary requirements for health claims in Australia and New Zealand 
 Dr. Dorothy Mackerras, Food Standards Australia New Zealand, Australia  
 
15:20 Collaboration in probiotics research and development in support of harmonised regulations in 

the South-East Asia region: new initiative from the probiotic working group 
 Dr. Rina Agustina, Regional Center for Food and Nutrition (SEAMEO-RECFON), South-East 

Asia Ministry of Education Organization and Department of Nutrition, University of Indonesia, 
Indonesia 

 
15:45 Networking break & poster viewing 
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MONDAY 16 MARCH 2015 
 
PARALLEL SESSION 1: EFFECT OF PRE- AND PROBIOTICS ON THE IMMUNE SYSTEM 
DURING EARLY LIFE 
 
Chair: Dr. Marjolein Meijerink, Host-microbe Interactomics, Wageningen UR, the Netherlands 
 
16:15 Microbial colonisation in early-life: impact on innate and adaptive immunity 

Prof.dr. Kathy McCoy, Department of Clinical Research, University of Bern, Switzerland 
 
16:35 Probiotics for allergy prevention 

Dr. Christina West, Department of Clinical Sciences, Umeå University, Sweden   
 

16:55 The neonatal piglet as a model for the assessment of infant formulas 
Prof.dr. Johanna Fink-Gremmels, Institute for Risk Assessment Sciences, Utrecht University, 
the Netherlands  

 
17:15 The influence of the milk glycome on the developing infant microbiota 
 Prof.dr. David A. Mills, Department of Food Science and Technology, University of California 

Davis, USA 
  
17:35 Effects of pre- and probiotics in infant formula on the immune system early in life  

Dr. Léon Knippels, Nutricia Research and Utrecht Institute for Pharmaceutical Sciences, 
Utrecht University, the Netherlands 

 
18:00 – 19:30 Sand sculpture party 
 
PARALLEL SESSION 2: HOW MICROBES AFFECT BRAIN DEVELOPMENT AND BEHAVIOUR 
 
Chair: Dr. Maria Devant, Department of Ruminant Production, IRTA, Spain 
 
16:15 The effects of prebiotics on neurobiology and behaviour: an exploration in rodents and 

humans 
Dr. Phil Burnet, Department of Psychiatry, University of Oxford, UK 

 
16:35 Microbes, brain development and behaviour: more than a gut feeling 
 Prof.dr. John F. Cryan, Alimentary Pharmabiotic Centre, University College Cork, Ireland  
 
16:55 Can the gut microbiome influence brain function and behaviour in autism? From animal 

models to human populations 
 Dr. Derrick MacFabe, Departments of Psychology and Psychiatry, The University of Western 

Ontario, Canada  
 
17:15 Gut microbiota – a key player involved in the developmental programming of the brain 

Dr. Viorica Braniste, Department of Microbiology, Tumor and Cell Biology, Karolinska 
Institutet, Sweden 

 
17:35 Effect of intestinal microbiota on low-molecular-weight metabolites in the mouse brain 

Dr. Mitsuharu Matsumoto, Dairy Science and Technology Institute, Kyodo Milk Industry, Japan 
 
18:00 – 19:30 Sand sculpture party 
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TUESDAY 17 MARCH 2015 
 
PARALLEL SESSION 3: THE ROLE OF BENEFICIAL MICROBES IN DELAYING AGEING 
 
Chair: Dr. Jiro Nakayama, Department Bioscience and Biotechnology, Kyushu University, Japan 
 
08:30 We are what we eat? The impact of diet, pre- and probiotic strategies on gut microbiota 

composition 
Dr. Sylvia Duncan, Rowett Institute of Nutrition and Health, University of Aberdeen, UK 

  
08:55 The gut microbiota as an emerging target to attain longevity and to combat age-related 

diseases 
Prof.dr. Patrizia Brigidi, Department of Pharmacy and Biotechnology, University of Bologna, 
Italy 

 
09:20 Ageing, longevity and -omics approaches for gut microbiota metabolism characterisation 

Dr. Sebastiano Collino, Nestlé Institute of Health Science, Switzerland 
 
09:45 Bacillus coagulans GBI-30, 6086 and its role in healthy ageing: a multifactorial approach 

Edna Nyangale, Department of Food and Nutritional Sciences, The University of Reading, UK 
 
10:15 Networking break & poster viewing 
 
PARALLEL SESSION 4: BENEFICIAL MICROBES ALSO AFFECT ORAL HEALTH 

 
Chair: Prof.dr. Bart Keijser, Microbiology and Systems Biology, TNO and Academic Centre for 

Dentistry, the Netherlands 
 
08:30 The development of the infant oronasal microbiota 

Prof.dr. Bart Keijser, Microbiology and Systems Biology, TNO and Academic Centre for 
Dentistry Amsterdam, the Netherlands 

 
08:55 Search for oral probiotics and bacteriocins through metagenomics 

Dr. Alex Mira, Department Genomics and Health, Center for Advanced Research in Public 
Health, Spain  

 
09:20 Mouse models to analyse dysbiosis of the oral microbiome in periodontal disease 

Prof.dr. Michael A. Curtis, Barts and The London School of Medicine and Dentistry, Queen 
Mary University of London, UK  

 
09:45 Potential role of arginine as prebiotic for the healthy oral ecosystem  

Dr. Egija Zaura, Department of Preventive Dentistry, Academic Centre for Dentistry 
Amsterdam, the Netherlands  
 

10:15 Networking break & poster viewing 
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TUESDAY 17 MARCH 2015 
 
PARALLEL SESSION 5: INTESTINAL HEALTH – CHALLENGES IN THE TRANSFER OF 
EXPERIMENTAL DATA INTO APPLICATIONS 
 
Chair: Prof.dr. J. Wells, Host-microbe Interactomics, Wageningen UR, the Netherlands 
 
10:45 Host-microbe interaction in inflammatory diseases 

Dr. Julia-Stephanie Frick, Institut für Medizinische Mikrobiologie und Hygiene 
Universitätsklinikum Tübingen, Germany 

  
11:05 Faecalibacterium prausnitzii and inflammatory bowel disease 
 Dr. Harry Sokol, Gastroenterology Department, Saint-Antoine Hospital, France 
  
11:25 Lactobacillus rhamnosus GG: from clinical efficacy to understanding its mode of action 

Dr. Sarah Lebeer, Department of Bioscience Engineering, University of Antwerp, Belgium 
  
11:45 Faecal transplantation for inflammatory bowel disease 
 Dr. David Berry, Department of Microbiology and Ecosystem Science, University of Vienna, 

Austria 
  
12:05 Microbiota-changing therapy, a viable option for the treatment of inflammatory bowel disease 

Prof.dr. Leo Dieleman, Division of Gastroenterology, University of Alberta, Canada  
 
12:30 Lunch break & poster viewing 
 
PARALLEL SESSION 6: THE GROWING IMPORTANCE OF BENEFICIAL MICROBES IN ANIMAL 
NUTRITION AND HEALTH 
 
Chair: Dr. Frédérique Chaucheyras-Durand, Lallemand, France 
 
10:45 Next generation prebiotics and probiotics in animal production: what strategy to follow? 

Prof.dr. Richard Ducatelle, Department of Pathology, Bacteriology and Poultry Diseases, 
Ghent University, Belgium 
 

11:05 Probiotics in animal nutrition: gut health and beyond 
Dr. Ajay Awati, Danisco Animal Nutrition, UK 

 
11:25 Brain-gut axis communication: implications in animal welfare in beef 
 Dr. Maria Devant, Department of Ruminant Production, IRTA, Spain 
 
11:45 Impact of a live yeast strain of Saccharomyces boulardii on gene expression in the colon of 

piglets around weaning  

Dr. Melanie Le Bon, School of Biosciences, University of Nottingham, UK 
 
12:05 In vitro lead selection as a basis for in vivo modulation of the gut microbiome 
 Dr. Jos van der Vossen, TNO, the Netherlands 
 
12:30 Lunch break & poster viewing 
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TUESDAY 17 MARCH 2015 
 
PARALLEL SESSION 7: THE BATTLE AGAINST OBESITY – THE ROLE OF BENEFICIAL 
MICROBES 
 
Chair: Dr. Max Nieuwdorp, Academic Medical Center, the Netherlands 
 
13:30 Identification of a novel link between adipose tissue metabolism and gut microbiota: impact on 

the onset of obesity and metabolic disorders 
 Prof.dr. Patrice Cani, Louvain Drug Research Institute, Université catholique de Louvain, 

Belgium 
 
13:55 Probiotics in prevention of weight gain and improvement of metabolic health 

Dr. Sampo Lahtinen, DuPont Nutrition & Health, Finland 
 
14:20 Experimental metabolic disorders: from functions to target bacteria 

Dr. Thomas Clavel, ZIEL-Research Center for Nutrition and Food Sciences, Technische 
Universität München, Germany 

 
14:45 Engineered probiotics for treatment of obesity 

Dr. Sean Davies, Vanderbilt University, USA 
 
15:10 The intestinal microbiota, obesity and insulin sensitivity in individuals with metabolic syndrome 
 Dr. Max Nieuwdorp, Academic Medical Center, the Netherlands  
  
15:30 Networking break & poster viewing 
 
PARALLEL SESSION 8: THE INFLUENCE OF GUT MICROBIOTA ON DRUG EFFICIENCY 
 
Chair: Dr. Gabriele Hörmannsperger, ZIEL-Research Center for Nutrition and Food Sciences, 

Technische Universität München, Germany 
 
13:30 The influence of probiotics on pharmacokinetics of a model drug 

Dr. Eva Anzenbacherová, Department of Medicinal Chemistry and Biochemistry, Palacký 
University Olomouc, Czech Republic 

 
13:55 Gut microbiota and anticancer immune responses 
 Dr. Laurence Zitvogel, Gustave Roussy Institute, France 
 
14:20 Recombinant Lactococcus lactis: the designer medicine platform 

Dr. Lothar Steidler, ActoGeniX, Belgium 
 
14:45 Engineering Escherichia coli adhesion to target cells and tumours for diagnostic and 

therapeutic applications 
 Dr. Luis Ángel Fernández, Department of Microbial Biotechnology, CNB-CSIC, Spain 
 
15:10 Challenge of cancer therapy with Bifidobacterium as a tool for selective and continuous 

production of anticancer substances in tumours 
Prof.dr. Shun’ ichiro Taniguchi, Department of Advanced Medicine for Health Promotion, 
Shinshu University, Japan 

 
15:30 Networking break & poster viewing  
 
PLENARY MEETING: SPEED PRESENTATIONS  
 
Chair: Dr. Sarah Lebeer, Department of Bioscience Engineering, University of Antwerp, Belgium 
 
16:00 – 17:00 Short presentations by selected poster presenters to provide an overview of their 

research and to inspire the audience to visit their posters (see page 48). 
 
17:00 – 18:00 Poster viewing & drinks 
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WEDNESDAY 18 MARCH 2015 
 
PARALLEL SESSION 9: NOVEL APPLICATIONS OF OUR OLD FRIENDS, BENEFICIAL 
MICROBES 
 
Chair: Prof.dr. Eric Claassen, Erasmus MC and VU University Amsterdam, the Netherlands 
 
08:30 Mining the gut microbiota: towards personalised prebiotics  
 Dr. Koen Venema, Beneficial Microbes Consultancy, the Netherlands 
 
08:50 Multispecies probiotics combined with multispecies prebiotics – an innovative way of product 

development 
 Dr. Esther Prevo-Keijbets, Winclove, the Netherlands 
 
09:10 Developing novel probiotic approaches to detoxification of environmental pollutants 

Jordan Bisanz, Department of Microbiology and Immunology, The University of Western 
Ontario, Canada 

  
09:30 Improving iron absorption by consumption of probiotics 

Dr. Gunilla Önning, Probi AB, Sweden  
 
09:50 Probiotics in space: new frontiers for man and microbe 

Dr. Hermie Harmsen, Department of Medical Microbiology, University Medical Centre 
Groningen, the Netherlands 

 
10:10 Lactic acid bacterial symbionts in honeybees – an unknown key to honey´s antimicrobial and 

therapeutic activities 
Dr. Alejandra Vásquez and Dr. Tobias Olofsson, Department of Laboratory Medicine, Lund 
University, Sweden 
 

10.30 Networking break & poster viewing 
 
PARALLEL SESSION 10: INTERNATIONAL PROJECTS FOCUSED ON BENEFICIAL MICROBES 
– RESEARCH IN PROGRESS 
 
Chairs: Prof.dr. Lubbert Dijkhuizen, Groningen Biomolecular Sciences and Biotechnology Institute, 

University of Groningen, the Netherlands 
Dr. Jurriaan Mes, Food & Biobased Research, Wageningen UR, the Netherlands 

 
08:30 The CarboHealth Consortium: Structure and functions of healthy oligo- and polysaccharides 

Prof.dr. Lubbert Dijkhuizen, Groningen Biomolecular Sciences and Biotechnology Institute, 
University of Groningen, the Netherlands 

  
08:50 The GENOBOX Consortium: A GENOmic toolBOX for translating genomic sequences to 

functional properties of microorganisms 
Dr. Wynand Alkema, NIZO food research and Center for Molecular and Biomolecular 
Informatics, Radboud University Nijmegen Medical Centre, the Netherlands 

  
09:10 The FibeBiotics Consortium: Research strategies to analyse effects of fibres on the microbiota 
 Dr. Jurriaan Mes, Food & Biobased Research, Wageningen UR, the Netherlands 
 
09:30 Lignofood: How Cannabis sativa can result in emerging prebiotics 
 Dr. Nuria Mateo, Isanatur, Spain 
   
09:50 MyNewGut: Deciphering the role of gut microbes in nutrient metabolism and host health 
 Dr. Alfonso Benítez-Páez, Department of Food Science, IATA-CSIC, Spain 
  
10:10 Asian Microbiome Project: Diversity in gut microbiota of Asian people 

Dr. Jiro Nakayama, Department Bioscience and Biotechnology, Kyushu University, Japan 
 
10:30 Networking break & poster viewing 
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WEDNESDAY 18 MARCH 2015 
 
PLENARY MEETING: WHERE DO WE GO FROM HERE? 
 
Chair: Dr. Koen Venema, Beneficial Microbes Consultancy, the Netherlands 
 
11:00 Role of phages in preserving diversity of prokaryotic populations 
 Prof.dr. Francisco Rodriguez-Valera, Evolutionary Genomics Group, Universidad Miguel 

Hernandez, Spain 
 
11:25 Research priorities and innovative barriers in the probiotic industry 
 Prof.dr. Eric Claassen, Erasmus MC and VU University Amsterdam, the Netherlands  
 
11:50  Technological advances in a new golden age for microbiology, and future prospects for 

therapeutic intervention 

 Dr. Alan Walker, Rowett Institute of Nutrition and Health, University of Aberdeen, UK 
 
12:15 Summary and conclusions of the 4th Beneficial Microbes Conference 
 
12:30 Take your packed lunch to eat along the way! 
 
 
 
 
 
 
 
 
 
 
 

LOOKING FORWARD TO 
 

SEEING YOU AGAIN NEXT YEAR! 
 

5th Beneficial Microbes Conference 
 

March 2016 
 

the Netherlands 
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LECTURES 
 
MONDAY 16 MARCH 2015 – Keynote lectures 

 
Archaeological dental calculus: a microbial, molecular Pompeii  
 
Enrico Cappellini 
 
Centre for GeoGenetics, Natural History Museum of Denmark, University of Copenhagen, Denmark; 
lcw921@snm.ku.dk 
 
The human microbiota is the ecological community of commensal, symbiotic, and pathogenic 
microorganisms living on and in our organism. The pathophysiologic intertwining deeply binding host 
and ‘guests’ has wide-reaching effects on the host’s fitness. Several diseases have been associated 
to a state of dysbiosis with parts of our microbiota. Unlike other human microbiota, the oral microbiota 
will cause disease in a majority of people during their lifetime. The human oral microbiome comprises 
more than 2,000 bacterial taxa, including a large number of opportunistic pathogens involved in 
periodontal, respiratory, cardiovascular and systemic diseases. The microbial communities have 
important functions in health and disease, their exploration is consequently a frontier in human 
genetics. Understanding secular trends in microbial composition, i.e. which taxonomic groups have 
been lost or gained over the last 10,000 years is one of the top-ten areas of microbiomics to pursue. 
Present metagenomics data provide limited and indirect evidence of the past evolution and selection 
of genes involved in virulence and antibiotic resistance mechanisms. However, research into ancient 
DNA can overstep this limit. Recent studies show that ancient dental calculus, associated with human 
remains from archaeological sites, represents a natural time capsule, preserving high amounts of 
ancient biomolecules, a rich and precious source of genetic information from the past. Calculus is also 
a rich source of ancient proteins. Reconstruction of proteomes from ancient dental calculus samples 
sheds light on the pathophysiologic processes, such as infection and immune reaction, occurred in the 

past, going beyond the mere identification of the organisms present in the oral cavities in the past.   

 

 

The human intestine microbiota – small intestinal microbiota composition and 
function 
 
Michiel Kleerebezem 
 
Host Microbe Interactomics Group, Wageningen University and NIZO food research, the Netherlands; 
michiel.kleerebezem@wur.nl 
 
Most of the efforts to study the human intestine microbiota have focused on the large intestine or 
faecal microbiota, and many correlations between the intestinal microbiota and human diseases have 
been investigated. Faecal microbiota transplantation is starting to substantiate the causal role of the 
microbiota in specific disease cases, and opens avenues for microbiota management in health and 
disease. 
 
In contrast to the faecal microbiota, we know very little about the small intestinal microbial community 
due to the poor accessibility of this region of the intestinal tract in healthy volunteers. This presents an 
important hiatus in our understanding of the role of the microbiota in human health, since in this part of 
the intestine (i) first encounters of microbiota and dietary components take place, and (ii) the mucosa 
plays a profound role in immune and metabolic health of the host. Therefore, it is important to 
characterise the normal microbiota of the human small intestine and its capacity to modulate mucosal 
and systemic host physiology. This presentation will focus on the characterisation of the composition 
and function of the small intestinal microbiota in humans. It will also illustrate how probiotic 
consumption can drastically modulate the small intestine microbial ecosystem, and elicit specific 
molecular responses in the intestinal mucosa. The relevance of such mucosal responses should be 
seen in the context of human individuality and the concept of ‘the bandwidth of health’, which 
questions the ‘one-size fits all’ applicability of probiotics and favours the application of such functional 
foods in stratified subpopulations. 
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MONDAY 16 MARCH 2015 – Plenary meeting 
 

A regulatory update on pre- and probiotics in the EU food chain (from farm to 
fork) – bugs in the system? 
 
Elinor McCartney 
 
Pen & Tec Consulting, Spain; elinor@pentec-consulting.eu 
 
Prebiotics are defined as non-digestible dietary ingredients that promote the growth of beneficial 
microorganisms in the intestines, often associated with improved bowel function. Probiotics are 
defined as living micro-organisms exerting beneficial effects on the host. Prebiotics and probiotics are 
used in both animal and human nutrition, often the same ingredients and microbial species. Despite 
this overlap, and somewhat puzzling, in view of EU objectives to harmonise regulatory approaches 
throughout the food chain, there are differences between food and feed legislation, especially relevant 
to probiotics.  
 
EU regulatory aspects of prebiotics in human and animal nutrition 
The EU classifies prebiotics in human and animal foods as ingredients, and the legislation is quite 
consistent: 

 FBOs (food/feed business operators) must comply with the food/feed hygiene regulations, with 
respect to safety, quality, traceability, recall capacity, a formal complaints system, post-market 
monitoring, etc. 

 No claims to treat, prevent or cure disease are permitted on food/feed ingredients, as these 
contravene human and veterinary medicines regulations. 

 There is divergence in food/feed areas on other claims permitted. In foods, no ’prebiotic’-type 
claims can be made to consumers, unless authorised under the nutrition and health claims 
(NHC) regulation. Such claims are allowed in scientific or business contexts, among 
recognised health/nutrition experts. But the feed regulation permits claims ‘concerning 
optimisation of nutrition and support or protection of physiological conditions’, provided that 
these are substantiated by FBOs, and in most cases there is no pre-market authorisation 
process.  

 
Both food and feed legislation allow PARNUTs claims, for ‘PARticular NUTritional purposes’. No 
PARNUTs prebiotic-type claims are listed, other than reduction of the risk of constipation in sows via 
feed ingredients stimulating intestinal passage. The NHC food regulation allows prebiotic-type claims 
on several sources of fibre (barley, oats, prunes, rye), promoting faecal bulk or accelerating intestinal 
transit, including the prebiotic, lactulose. 
 
EU regulatory aspects of probiotics in human and animal nutrition 
EU legislation and EFSA approaches diverge considerably on food and feed probiotics, on claims and 
strain safety. 
 
Probiotic efficacy claims in feed and food 
Live micro-organisms can be authorised as feed additives for the following functions: 

 Technological – silage inoculants 

 Technological – mycotoxin control 

 Technological – acidity regulators 

 Zootechnical – gut flora stabilisers, including beneficial effects on animal welfare and 
performance 

 Probiotic claims are allowed under feed PARNUTs, to ‘stabilise physiological digestion’ in all 
species and E. faecium NCIMB 10415 is listed for ‘nutritional restoration and convalescence’ 
in dogs. These PARNUTs claims can only be made on probiotics already authorised as 
zootechnical feed additives. 

 
Feed probiotics, once authorised, enjoy considerably more regulatory discretion than food probiotics in 
the claims and vocabulary used. For example, although the word ‘probiotic’ is not defined in EU feed 
legislation, the term and associated claims in relation to gut health and immunity can be found 
frequently in animal nutrition trade press articles and advertisements. This is in contrast to probiotics in 
human nutrition, where the word ‘probiotic’ is not permitted by the EU Commission, despite efforts by
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Italy to have it recognised as a generic descriptor used traditionally, and therefore exempt from the 
NHC regulation. Additionally, food probiotics have failed to achieve any NHC claims, other than the 
use of live yogurt cultures to improve lactose digestion in individuals who have difficulty digesting 
lactose. 
 
Probiotic strain safety 
In the area of strain safety, all live micro-organisms added to feeds are subjected to a stringent pre-
authorisation safety evaluation by EFSA, whereas the majority of live micro-organisms used in foods 
escape with a more pragmatic approach. This is because most food probiotics have a long history of 
safe and traditional use in fermented foods, and, critically, the NHC regulation focuses on 
strain/product characterisation and efficacy. Only some food micro-organisms are subjected to a 
formal pre-market safety assessment: 

 Novel strains that have not been used prior to 1997; 

 Strains intended for use in infant and toddler foods; 

 Strains that are modified using modern biotechnology (GMM strains). 
 
EFSA’s strain safety assessment concentrates on antimicrobial resistance, toxins and virulence 
factors, and has created significant obstacles to achieve approval, even for strains with profiles 
acceptable for use in fermented foods. In a perfect world there would be perfect harmony in EU 
approaches to microbial strain safety, but until then, it is useful to know the strain profiles so far 
acceptable to EFSA. This is important for all feed probiotics and also for novel food probiotics. 
 
 

Probiotics for functional foods and dietary supplements in the USA: regulatory 
hurdles 
 
John R. Endres 
 
AIBMR Life Sciences, Inc., USA; john@aibmr.com 
 
Probiotics represent a significant sector of the dietary supplement and functional foods industries in 
the USA. Launching a novel strain of probiotic bacteria into the marketplace requires getting proper 
regulatory status. This presentation will focus on specific hurdles for getting regulatory status in the 
USA for probiotics. The topics covered will include: establishing which markets are of interest (i.e. they 
have differing regulatory requirements), comprehensive safety assessments (toxicology studies), 
safety parameters particular to probiotics, appropriate safety factors, clinical study issues, strain 
specificity, GRAS determinations (food additive), and NDI notifications (dietary supplements). 
 
 

Pre- and probiotics in Latin America: regulatory framework 
 
Célia Lúcia de Luces Fortes Ferreira1 and M. Bonnet2 

 

1Department of Food Technology, Federal University of Viçosa and 2 Dairy Cattle Research Unit, 
Brazilian Enterprise for Agriculture Research (EMBRAPA), Brazil; clferrei@ufv.br 
 
The aged population in Latin America (LA) has increased following a global tendency. Also increases 
in the incidence of chronic non-communicable diseases have been observed. Functional foods or 
foods with special health use have been considered a feasible alternative to delay and/or to help 
decrease the risk of some of such diseases. On the other hand, the consumer in Latin America has 
seen an increase in the offer of such foods. Prebiotic ingredients, probiotic microorganisms and 
probiotic food products are among the most studied foods and/or bioactive components comprising 
the majority of food products being regulated and registered as functional. More than two decades 
ago, Brazil was the only country in Latin America carrying a legislation specific for the regulation of 
functional foods. Brazil is a member of Mercosul (Southern Common Market), a regional trade 
agreement aiming at promoting full trade and fluid movement of goods, people and currency between 
the member countries, established in 1991. Presently, some other countries, including members of   
Mercosul, are in the process of implementing their own regulations based on the experience of Brazil. 
Because functional foods are similar to standard products available in the market, adequate labelling 
and health claims are critical to differentiate them. These claims have become an increasingly 
important issue to the consumer, the food industry and the public health programmes allowing the
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industry to provide differentiated products to the market, the consumer to be informed on potential 
benefits and help authorities strategically manage national programmes to control non-communicable 
diseases, impacting positively to national public health systems. As such, they should require 
regulatory intervention. In Latin America, as in other regions of the world, the Codex Alimentarius, 
which set forth guidelines for nutrition and health claims since 2004, serves as guidance to the 
majority of the countries to curb labelling contents whenever a label or health claim is necessary. 
However, most of the time, functional food products reach the market without specific label or 
health/functional claim. The presentation includes discussion on the regulatory frames and the present 
stage of enforced policies in different countries in Latin America, with special emphasis on legislation 
on functional foods implemented in Brazil, the first country to regulate such issues in the region. 
 
 

Evidentiary requirements for health claims in Australia and New Zealand 
 
Dorothy Mackerras  
 
Food Standards Australia New Zealand; dorothy.mackerras@foodstandards.gov.au 
 
In January 2012, the new ‘Standard 1.2.7 Nutrition, Health and Related Claims’ [1] was gazetted in 
Australia and New Zealand (ANZ). There is a 3-year transition period. The Standard is embedded in 
the approach to food regulation in ANZ. Consequently, it contains a number of features which are 
different from the health claims situation in Europe. Some of these relate to substantiation of a 
relationship whereas others relate to ‘business rules’. Therefore, even if the opinion that a relationship 
exists is the same in ANZ and Europe, different business rules might not allow a claim in both 
locations.  
 
The ANZ Food Standards Code (FSC) regulates food for sale within the two countries. In ANZ, vitamin 
and mineral supplements and similar products are classed as complementary medicines and are 
regulated by Australian Therapeutic Goods Administration and New Zealand MedSafe. Standard 1.2.7 
is a vertical standard that allows health claims on most general purpose foods (except for kava and 
foods containing >1.15% alcohol by volume (a definition which captures more than alcoholic 
beverages). Infant formula products, including follow-on formula, are specifically prohibited from 
carrying health claims. Other special purpose foods (covered in Standard 2.9) are not automatically 
covered by the health claims standard. Each part of Standard 2.9 specifies whether the food products 
covered are covered or whether they have special provisions regarding claims.   
 
FSANZ refers to ‘substantiation of relationships which underpin health claims’ rather than 
‘substantiation of health claims’ because the wording of health claims is not prescribed. The Standard 
already contains a list of pre-approved relationships that can be used, together with any associated 
conditions. One difference from the EU is that there is an overarching eligibility system called the 
Nutrient Profiling Scoring Criterion (NPSC). Foods must be eligible under the NPSC before they can 
carry a claim.  
 
Health claims are classified as either high level or general level. A high level health claims is one “that 
refers to a serious disease or a biomarker of a serious disease” and a serious disease is “a disease, 
disorder or condition which is generally diagnosed, treated or managed in consultation with or with 
supervision by a health care professional.” This is a different approach from the European approach, 
which divides claims according to whether they refer to a function, have a risk factor statement or 
apply to children. Furthermore, the ANZ Standard allows direct reference to reducing the risk of a 
disease without an intermediary statement about risk factors – providing the relationship can be 
substantiated. For example, in the calcium and bone strength area: in ANZ there are pre-approved 
relationships to underpin three separate high level health claims, i.e. bone mineral density, risk of 
osteoporosis and risk of osteoporotic fracture, whereas in the EU, osteoporotic facture is linked to 
calcium via bone mineral density in one authorised claim. However, if direct substantiation of the 
disease endpoint is not possible, then the ANZ Standard does not currently provide for the type of risk 
factor statement that is permitted in the EU.   
 
Understanding the ANZ classification is important because manufacturers can self-substantiate 
relationships that underpin general level health claims. An application must be made to FSANZ to pre-
approve the relationship if a high level claim is desired (relationships to underpin general level claims 
can also be pre-approved by applying to FSANZ). The requirements for self-substantiation are laid out
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in Schedule 6 of Standard 1.2.7 and involve doing a systematic review of the literature. A relationship 
is substantiated if a reasonable conclusion can be drawn from the literature that the relationship is 
causal. The information required about the food-health relationship in an application for pre-approval 
by FSANZ are expressed somewhat differently in the Application Handbook [2] but are essentially the 
same as those shown in Schedule 6 for self-substantiation. 
 
The States and Territories, not FSANZ, enforce the FSC. To assist the enforcement agencies, it was 
agreed that FSANZ would host a ‘post-box’. Manufacturers who base a claim on a self-substantiated 
relationship must notify FSANZ that they have followed the systematic review process laid out in 
Schedule 6 and that the notified relationship is a reasonable conclusion of the systematic review. 
However, as clearly stated on the webpage [3], publication of the notification by FSANZ does not 
indicate acceptance or validation of the stated relationship by FSANZ. In fact, the dossiers for self-
substantiated relationships are not even submitted to FSANZ. However, the dossiers must be 
available if requested by an enforcement agency.  
 
Each user of a self-substantiated claim must notify and certify that the relationship has been 
established as required by the Standard. Applications for pre-approval of a relationship can be 
considered in confidence which allows a first to market advantage. Unlike the EU, there is no 
restriction of the use of pre-approved relationships that are based on proprietary data.  
 
References 
1. Australian Government. Australia New Zealand Food Standards Code - Standard 1.2.7 - Nutrition, 

Health and Related Claims. Available at: http://www.comlaw.gov.au/Series/F2013L00054 
2. Food Standards Australia New Zealand. Application Handbook. Available at: 

http://www.foodstandards.gov.au/ code/changes/pages/applicationshandbook.aspx 
3.  Food Standards Australia New Zealand. Notified Food-Health Relationships. Available at: 

http://www/foodstandards.gov.au/industry/labelling/fhr/Pages/default.aspx)  
 

 

Collaboration in probiotics research and development in support of 
harmonised regulations in the South-East Asia region: new initiative from the 
probiotic working group 
 
Rina Agustina1,2, Y.-K. Lee3, T.E. Siong4, A. Firmansyah5, W. Varavithya6, M. Appukutty7, I. Surono8, 
M. Simadibrata9, J. Tan10, T.T.H. Chau11, T.H. Sihombing12, D. Izwardy13 and A.H. Shankar14 
 

1South-East Asia Ministry of Education Organization, Regional Center for Food and Nutrition 
(SEAMEO-RECFON), 2Department of Nutrition, University of Indonesia, Indonesia, 3Department of 
Microbiology, National University of Singapore, Singapore, 4Nutrition Society of Malaysia, Malaysia, 
5Department of Child Health, University of Indonesia, Indonesia, 6Department of Paediatrics, 
Ramathibodi Hospital, Mahidol University, Thailand,  7Faculty of Sports Science and Recreation, 
Universiti Teknologi MARA, Malaysia, 8Department of Food Technology, Bina Nusantara University, 
Indonesia, 9Department of Internal Medicine, University of Indonesia, Indonesia, 10Visayas State 
University, The Philippines, 11Centre for Tropical Medicine, Oxford University Clinical Research Unit, 
Vietnam, 12National Agency for Food and Drug Control, Indonesia,13Ministry of Health, Indonesia and 
14Department of Nutrition, Harvard University, USA; dr.rinaagustina@gmail.com 
 
Probiotic products are widely marketed in the South-East Asian (SEA) Region. These are mainly 
probiotics-containing products for young children, such as fermented milks, baby food, beverages and 
milk powder, and also probiotic supplements for children and adults. The widespread application of 
probiotics in vulnerable groups urgently needs a thorough understanding of the risks and benefits with 
adequate scientific evidence and regulation in the region. This paper reports the summary of a 
workshop held in Jakarta on 28 October 2014 by the South-East Asia Ministry of Education 
Organization Regional Center for Food and Nutrition (SEAMEO-RECFON), University of Indonesia.  
The workshop was attended by experts from 6 different countries in the SEA Region (Indonesia, 
Singapore, Malaysia, Vietnam, Philippines, Thailand) and USA, and representatives from the Ministry 
of Health, Food and Drug Control Agency, academic institutions, non-government organisations, 
professional associations, industrial association, research centers and scientists. The workshop 
initiated a Probiotic Working Group (PWG) as a forum for networking and communication on updated 
research and regulatory framework for health claims on probiotics, and initiating collaboration among
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scientists, health professionals, regulatory officials, industries and other stakeholders. The SEAMEO-
RECFON will be the focal point of coordination.  
 
Current studies have reported the benefit of some, but not all probiotics, to treat and reduce the risk of 
mainly diarrhoea in young children, with limited data on other health outcomes, such as constipation, 
lactose intolerance, Helicobacter pylori infection and allergic disease in children and adults. Though 
findings are encouraging, beneficial effects are strain- and dose-dependent. In Indonesia, several 
studies reported the beneficial effect of probiotics, mainly Lactobacillus strains, for the treatment and 
prevention of diarrhoea. Studies on enhancing immune response and nutritional status among children 
by novel indigenous probiotic strains were reported. While encouraging, this evidence does not 
support the existing recommendations for routine use of probiotics in healthy individuals in the SEA 
region. Indeed, further studies are needed to explore the impact, acceptability, cost-effectiveness, and 
long-term use of probiotics in healthy individuals.  The microbiome profiles may depend on 
environmental conditions (hygiene hypothesis), lifestyle, food intake, cultures and ethnicity, all of 
which are country-specific. However, assessment of country-specific microbial genes or microbiota or 
probiotics has not been established, though it is known that microbiota of Asian populations varies 
within and across countries in the SEA region. Apart from young infants with diarrhoea, probiotics 
need to be locally tested and defined for other health effects. The indigenous fermented foods have 
been used for ages and embedded in local-based food, and should be assessed for probiotic 
properties. Thus, regulatory issues on probiotics properties in foods become important for providing 
correct information on probiotics and protect the consumers from misleading information. 
 
Drafting comprehensive guidelines that meet global and regional regulation is urgently needed. 
Harmonisation of regulations on probiotics is essential and will facilitate regional and global trade to 
anticipate the ASEAN Free Trade Area. The need to have a specific legislation on functional foods, 
including probiotics, is crucial but most countries in the SEA region are still at the stage of developing 
the policy and regulation. Based on FAO/WHO guidelines, some SEA countries have established 
guidelines or regulations. Thailand has released the criteria for evaluation of efficacy on health, safety 
and health claims of probiotics/prebiotic food products in 2008. In 2011, Thailand released a 
ministerial notification on the use of probiotics in food products, wherein 23 positive list of probiotic 
strains and claims on probiotics have been endorsed (“helps the bowel movements in 14 days” or 
“helps in regulate bowel function in 7 days”). In Malaysia, “Bifidobacterium lactis helps improve a 
beneficial intestinal microflora or may help reduce the incidence of diarrhoea” is approved, however, 
the word probiotics is not approved. In Singapore, claims such as “helps maintain a healthy digestive 
system”, “helps maintain a desirable balance of beneficial bacteria in the digestive system”, or “helps 
fight against harmful bacteria in the digestive system, thereby maintaining a healthy digestive system” 
have been approved. In Indonesia, probiotics were under the functional foods regulation in 2005, 
however, since 2011, probiotic claims will be assessed on a case by case basis, and the amendment 
and guidelines are currently under final drafting. 
 
The future challenge for the PWG is to work closely within SEA countries to generate multicenter 
research on public health impact and develop position papers on the following topics: (i) probiotics 
definition; (ii) strain-related benefits and mechanism of action; (iii) establishing scientific evidence for  
determining  health benefits; (iv) potential local sources of probiotics isolation and use for the benefit 
of people in low income or less privileged areas; (v) recommended minimum criteria for suitable 
probiotic products in the market; and (vi) consumer education. With such guidance, substantial 
evidence can be generated to support the harmonisation of evidence-based regulatory frameworks 
and to produce probiotics-containing products for this region and elsewhere. 
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Microbial colonisation early in life: impact on innate and adaptive immunity 
 
Kathy D. McCoy 
 
Mucosal Immunology Laboratory, Department of Clinical Research, University of Bern, Switzerland; 
kathleen.mccoy@dkf.unibe.ch 
 
Intestinal microbial colonisation is initiated during birth and establishment of stable bacterial consortia 
occurs over time through a dynamic process that is heavily shaped by environmental factors. Early life 
exposure to the commensal microbiota likely plays an important role in development of the immune 
system, which could subsequently influence susceptibility to a variety of immune-mediated diseases 
later in life. Colonisation with key bacterial species or a minimum level of microbial diversity during the 
neonatal period may therefore be important for providing the appropriate signals for immune 
maturation and regulation. We found that germ-free mice and mice with a low diversity microbiota 
developed elevated serum IgE levels. More complex microbiotas could prevent IgE induction but only 
if a critical level of diversity was reached early in life. This hygiene-mediated hyper-IgE serves as a 
read-out of immune dysregulation in germ-free and low complexity microbiota colonised mice. Immune 
dysregulation resulted in exaggerated oral-induced systemic anaphylaxis. We are continuing to dissect 
out the immune regulatory effects of microbial composition and diversity early in life and aim to identify 
the key innate sensors of microbial-derived signals. 
 
 

Probiotics for allergy prevention 
 
Christina West 
 
Department of Clinical Sciences, Umeå University, Sweden; christina.west@umu.se 
 
Over the last decades, there has been a dramatic increase in the prevalence of allergic diseases and 
the disease burden is enormous in a global perspective. Gut microbiota have been hypothesised to 
impact local and systemic immune responses with potential to modify the propensity for development 
of sensitisation and allergy risk. Consequently, efforts have been made to tackle the allergy epidemic 
by primary prevention strategies targeting the gut microbiota. These strategies include administration 
of probiotics, i.e. “live microorganisms, which when administered in adequate amounts, confer a health 
benefit on the host”. Gut microbiota are critical in immune programming, which is mirrored by the fact 
that the majority of the body’s immune cells are located in the gut associated lymphoid tissue (GALT). 
It has been convincingly shown in germ-free murine models that exposure to microorganisms is 
necessary for normal immune system maturation and for the development of normal immune 
regulation. In particular, these studies underscored the importance of early intestinal colonisation for 
normal tolerance development. If such an early critical window is applicable to the human setting is not 
known, but could be consistent with reports on intestinal dysbiosis in infancy to be associated with 
increased risk for subsequent allergic manifestations in childhood. Early studies reported gut microbial 
variation and lower counts of bifidobacteria and lactobacilli in the infant gut to precede the onset of 
allergic manifestations. Together with reports of immunomodulatory capacities of specific probiotic 
strains, this formed the ground for probiotics for allergy prevention and treatment.  
 
Probiotics, given either as a supplement or in foods, have been evaluated in randomised controlled 
trials for allergy prevention. In most studies, single strains or a mixture of strains of lactobacilli and 
bifidobacteria have been used, prenatally, postnatally or perinatally. To date, several meta-analyses 
have reported a moderate benefit of probiotics for eczema prevention, and the most consistent effect 
has been observed with a combined perinatal intervention in infants at high risk of allergic disease due 
to familial predisposition. No consistent benefit has been shown for prevention of other allergic 
manifestations, however, long term follow-up of initiated studies are limited to a few reports, which 
restricts evaluation of later onset allergic manifestations, such as allergic airway disease. However, 
the heterogeneity in many aspects of the conducted studies has hampered the possibility to translate 
the findings into clear clinical recommendations. 
 
International expert bodies do not generally recommend probiotics for allergy prevention, however, 
very recently the World Allergy Organization (WAO) and the McMaster University set out to develop 
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guidelines for probiotics as an allergy preventive measure. In their report, they stated that the available 
evidence does not support that probiotics lessen the risk for allergic disease, although they concluded 
that when taking into account all the critical outcomes, there is a likely net advantage of probiotics 
(resulting primarily from eczema prevention). In otherwise healthy individuals, the panel suggested 
considering using probiotics in pregnant women and during breastfeeding in women at high risk of 
having an allergic child based on family history of allergic disease in a first grade relative, and in 
infancy if the child is at high risk of developing allergic disease (also based on family history). In their 
report, the WAO guideline panel also stressed that the recommendations are conditional, and based 
on very low quality evidence.   
 
Collectively, evidence of the significance of the gut microbiota in health and disease is mounting, 
however, we have still not detailed what constitutes a microbiota that promotes and maintains 
tolerance. It is clear that if we are to translate findings from probiotic intervention studies into more 
decisive clinical recommendations, there is need for adequately powered studies, a more standardised 
approach and multi-professional collaborations. 
 
 

The neonatal piglet as a model for the assessment of infant formulas 
 
Johanna Fink-Gremmels 
 
Section Pharma, Institute of Risk Assessment Sciences, Utrecht University, the Netherlands; 
j.fink@uu.nl 
 
Modern infant formulas aim not only to provide a replacement of breast milk in the first weeks of life, 
but also to stimulate the development of an optimal colonisation of the intestinal tract and the 
consolidation of a healthy microbiome. The latter has been associated with multiple health benefits, 
including a reduced risk for atopic diseases, obesity, and a variety of diseases of which progression 
and severity largely depends on the status and functioning of the innate immune system. If infant 
formulas claim immune-modulatory and other beneficial health effects, these claims need to be 
verified and substantiated in model experiments. The common approach is the combination of in vitro 
studies with isolated (immune) cells, sometimes in co-cultures if interactions between different cell 
populations are addressed. These in vitro data are extended by standard in vivo assays, using a 
classical experimental design in rodents. Major obstacles in this approach are the obvious differences 
between humans and rodents in the early-life maturation of the intestinal tract, the microbiome and 
immunological reactions. Therefore, recent interest focus on the use of neonatal piglets as surrogates 
for human infants, as their early life development more closely resembles that of human beings. Pigs 
have been already identified as reliable model in the development of therapeutic strategies for cardio-
vascular and metabolic diseases, inflammatory reactions as well as auto-immune diseases.  
 
The current presentation, aims to provide a comparison of the different parameters and explain 
similarities and remaining differences between piglets and human infants and highlight the clinical 
relevance of this approach, as well as its suitability to support health claims.   
 
 

The influence of the milk glycome on the developing infant microbiota 
 
David A. Mills 
 
Department of Food Science and Technology, University of California Davis, USA; 
damills@ucdavis.edu 
 
Human milk contains numerous components that shape the microbial content of the developing infant 
gastrointestinal tract. A prominent feature of milk is an array of complex glycans and glycoconjugates 
that serve a passive immune function by sequestering and deflecting pathogens while simultaneously 
enriching a protective, Milk-Oriented Microbiota (MOM) often dominated by bifidobacteria. Recent 
research suggests the timing of establishment, and proper function of, a MOM is critical for infant 
development. An infant’s MOM is initially established through environmental transfer to the gut and 
subsequently shaped by diet (milk) and host genetics. Once established, MOMs dominated by 
bifidobacteria exhibit low residual milk glycans and higher levels of short chain fatty acids in the 
faeces, suggesting a strongly saccharolytic colonic microbiota. 



22  4th Beneficial Microbes Conference  
  16-18 March 2015, The Hague, the Netherlands   

The mechanistic basis for milk glycan consumption by bifidobacteria has been the subject of active 
research. Different infant-borne bifidobacteria contain specific glycosidases and transport systems 
required to utilise free glycans or glycoconjugates. Consumption of milk glycans enhances specific 
bifidobacterial interaction with the infant host through both direct and indirect routes. Growth on free 
milk glycans results in increased bifidobacterial binding to epithelial cells and beneficially modulates 
intestinal function. In addition, metabolites generated during growth on milk glycans dampen 
inflammation and strengthen gut barrier function.   
 
In aggregate, these studies suggest a co-evolutionary relationship between mammalian milk glycans, 
infant-borne bifidobacteria and the infant host resulting in a programmed enrichment of a protective 
bifidobacterial-dominant MOM during a critical stage of infant development. Importantly, disruption of 
this programmed enrichment, by poor environmental transfer, antibiotic use, or infection, can lead to a 
‘poorly functioning’ MOM that may pose a risk for negative health outcomes.  Further analysis of this 
naturally evolved system will shed light on effective pre- and probiotic tools that support and ensure a 
protective MOM for all at risk infants. 
 
 

Effects of pre- and probiotics in infant formula on the immune system early in 
life 
 
Léon Knippels 

 
Nutricia Research and Utrecht Institute for Pharmaceutical Sciences, Utrecht University, the 
Netherlands; leon.knippels@danone.com 
 
Our body is attacked continuously by many danger signals. An effective immune system is essential in 
order to protect. Unbalanced immune reactivity seems to play a key role in non-communicable 
diseases, such as for example chronic pulmonary disease (COPD), diabetes, cancer and even 
cardiovascular diseases and obesity. Inflammation management might be a key target for the 
prevention and even treatment of several non-communicable diseases as well as allergies and asthma 
which are other examples of inflammatory diseases that are increasing in terms of incidence as well 
as severity. Food allergy, and especially cow’s milk allergy (CMA) being the most prevalent food 
allergy in young children, is one of the first allergic manifestations early in life and the number of 
allergic individuals is still increasing, indicating that the maturation of the infant’s immune system and 
the development of tolerance to food antigens are hampered. Exposure to an altered Western diet and 
hygienic living conditions appear to skew the infant’s immune system towards an atopic phenotype. To 
date allergic diseases cannot be effectively prevented or treated. Therefore, new strategies for the 
management of allergic diseases are needed and active tolerance induction via immunomodulatory 
food components and/or modified allergens are of key interest. 
 
After birth, the development of a healthy gut microbiome is considered to play an important role in 
immune development and allergy prevention. Human milk is most often the first dietary exposure in 
infancy and consists of numerous bioactive compounds with immunological properties, such as 
soluble IgA, oligosaccharides, probiotics, Toll-like receptor ligands, cytokines, fatty acids, and many 
more. The awareness of the importance of unique carbohydrates in immune-regulation is growing 
exponentially. Non-digestible oligosaccharides transferred by the mother through the breast milk to the 
child can affect the composition and/or activity of the gastrointestinal microbiome leading to health 
benefits (prebiotic function). It has been shown that specific non-digestible oligosaccharides 
scGOS/lcFOS (ratio 9:1) induces a gut microbiome comparable to breastfed infants and can have 
beneficial effects in infants. Next to the indirect effects on the immune system via microbiome changes 
prebiotic oligosaccharides alone or in combination with Bifidobacterium breve M-16V (synbiotics) can 
have direct effects on the immune system by affecting immune cells in a direct fashion through 
receptors, such as TLRs and lectins/galectins. In experimental models, it was shown that the onset of 
food allergy could be prevented by the induction of regulatory T cells or by skewing towards a Th1 
response. Recent clinical trials indicated that scGOS/lcFOS did impair the incidence of infections as 
well as allergies. Companies see the relevance of non-digestible oligosaccharides, probiotics, 
synbiotics, n-3 polyunsaturated fatty acids or antioxidants for both prevention and treatment of allergic 
disorders. However, more research, multicenter trials, and long term follow up studies are needed in 
order to validate the uniqueness of these concepts and to generate mechanistic substantiation for 
modulating the infant’s immune system both prenatally as well as postnatally. 



4th Beneficial Microbes Conference  23 
16-18 March 2015, The Hague, the Netherlands 

MONDAY 16 MARCH 2015 – Parallel session 2 
 

The effects of prebiotics on neurobiology and behaviour: an exploration in 
rodents and humans 
 
Phil Burnet 
 
Department of Psychiatry, University of Oxford, UK; phil.burnet@psych.ox.ac.uk 
 
We are exploring the effects of dietary prebiotics on central glutamate neurobiology, neuroimmune 
responses and behaviour in rodents and humans. Rats fed with fructo-oligosaccharides (FOS) or 
galacto-oligosaccharides (Bimuno, BGOS) express great levels of hippocampal NMDA receptor NR1 
and NR2A subunits than controls. Both prebiotics increased hippocampal BDNF expression, which 
corroborates the neurotrophic actions of gut bacteria shown with probiotics. Animals fed with BGOS 
also show elevated cortical NR1 subunits and D-serine, compared to FOS and control rats. In view of 
these latter findings we tested the performance of BGOS-fed rats in the attentional set-shifting task 
which is a measure of medial pre-frontal cortex function. The administration of BGOS to rats improved 
shifting from an intra-dimensional to an extra-dimensional set, relative to controls. This suggests that 
the BGOS-mediated elevation of NR1 and D-serine in the frontal cortex, lead to functional NMDA 
receptors and improved attention. 
 
The effects of BGOS supplementation on endotoxin-mediated sickness behaviour, anxiety and 
inflammatory responses in mice was also explored. Animals injected with lipopolysaccharide (LPS) 
displayed reduced locomotor activity and marble burying behaviour compared to saline injected 
controls. Mice receiving a dietary BGOS supplement and a single LPS injection did not show altered 
locomotor activity compared BGOS-supplemented, saline injected animals. However, marble burying 
activity remained significantly reduced in BGOS supplemented and non-supplemented mice following 
LPS. Twenty-four hours after the LPS injection, all mice were subjected to the Light-Dark box test for 
anxious behaviour. Mice that had received a non-supplemented diet and a single injection of LPS, 
spent more time in the dark box than in the light area compared to BGOS-fed animals that had 
received saline or LPS, and non-supplemented mice that had received a single saline injection. 
Together, these data suggest that BGOS intake, reduced some components of sickness behaviour, 
and endotoxin-induced anxiety. The ingestion of BGOS, also suppressed the LPS-meditated elevation 
of pro-inflammatory cytokines (TNF-α, IL-1β, IL-6) and neurotoxic NR2B subunits in the mouse cortex 
and hippocampus. We therefore propose that the anxiolytic effects of BGOS involves suppression of 
pro-inflammatory response. 
 
Finally, we investigated the effect of BGOS and FOS on the secretion of the stress hormone, cortisol, 
and emotional processing in healthy volunteers. Forty-five healthy volunteers received one of two of 
the prebiotics daily for 3 weeks. The salivary cortisol awakening response was sampled before and 
after prebiotic/placebo administration. On the final day of treatment participants completed a 
computerised task battery assessing the processing of emotionally salient information. The salivary 
cortisol awakening response was significantly lower after BGOS intake compared with placebo. 
Participants also showed decreased attentional vigilance to negative versus positive information in a 
dot-probe task after BGOS compared to placebo intake. No effects were found after the administration 
of FOS.  The actions of BGOS are consistent with previous findings of endocrine and anxiolytic effects 
of microbiota proliferation. Further studies are therefore needed to test the utility of BGOS 
supplementation in the treatment of stress-related disorders. 
 
 

Microbes, brain development and behaviour: more than a gut feeling  
 
John F. Cryan 
 
Alimentary Pharmabiotic Centre, University College Cork, Ireland; j.cryan@ucc.ie 
 
There is a growing appreciation of the relationship between gut microbiota, and the host in maintaining 
homeostasis in health and predisposing to disease. Bacterial colonisation of the gut plays a major role 
in postnatal development and maturation of key systems that have the capacity to influence central 
nervous system (CNS) programming and signalling, including the immune and endocrine systems. 
Individually, these systems have been implicated in the neuropathology of many CNS disorders and 
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collectively they form an important bidirectional pathway of communication between the microbiota 
and the brain in health and disease. Over the past 5 years, substantial advances have been made in 
linking alterations in microbiota to brain development and even behaviour, and the concept of a 
microbiota-gut brain axis has emerged. Animal models have been essential in moving forward this 
frontier research area. In order to assess such a role we use studies involving germ-free mice and 
early-life microbiota manipulations and finally probiotic administration in adulthood. We assess 
neurochemical, molecular and behavioural effects following these manipulations. Our data show that 
the gut microbiota is essential for normal stress, antidepressant and anxiety responses. Moreover, 
microbiota is essential for both social cognition and visceral pain. Finally, there are critical time-
windows early in life when the effects of microbiota on brain and behaviour appear to be more potent. 
Manipulation of the microbiota in early life by caesarean delivery, antibiotics or stress leads to long-
lasting effects on brain and behaviour. Our data also demonstrates that these effects may be 
mediated via the vagus nerve, spinal cord, or neuroendocrine systems. Such data offer the enticing 
proposition that specific modulation of the enteric microbiota by dietary means may be a useful 
‘psychobiotic’-based strategy for both stress-related and neurodevelopmental disorders ranging from 
depression to autism.  
 
 

Can the gut microbiome influence brain function and behaviour in autism? 
From animal models to human populations 
 
Derrick MacFabe 
 
Departments of Psychology and Psychiatry, The University of Western Ontario, Canada; 
dmacfabe@uwo.ca 
 
Autism spectrum disorders (ASD), which affect 1 in 68 individuals are an increasing problem 
worldwide. Recent evidence suggests potential, but unproven, links between dietary, metabolic, 
infective, and gastrointestinal factors and the behavioural exacerbations and remissions of ASDs. Pre 
or perinatal infection, hospitalisation or early antibiotic exposure are emerging as major risks factor for 
ASD. Can a common environmental agent link these disparate findings? Propionic acid (PPA) and its 
related short-chain fatty acids (SCFAs) are fermentation products of ASD-associated bacteria 
(Clostridia, Bacteriodetes, Desulfovibrio). Of note, PPA is also a common food preservative and 
emerging agricultural and dietary agent. SCFAs represent a group of compounds derived from the 
host microbiome that are plausibly linked to ASDs and can induce widespread effects on gut, brain, 
and behaviour. Central nervous system and peripheral administration of PPA and SCFAs in rats 
induces abnormal motor movements, repetitive interests, electrographic changes, cognitive deficits, 
perseveration, and impaired social interactions. The brain tissue of PPA-treated rats shows a number 
of ASD-linked neurochemical changes, including innate neuroinflammation, increased oxidative stress, 
glutathione depletion, and altered phospholipid/acylcarnitine profiles, which may be important clinical 
biomarkers. These directly or indirectly contribute to acquired mitochondrial dysfunction, consistent 
with findings in patients with ASDs. Of note, common antibiotics may impair carnitine-dependent 
processes by altering gut flora favouring PPA-producing bacteria and by directly inhibiting carnitine 
transport across the gut. Human populations that are partial metabolisers of PPA are more common 
than previously thought. PPA has further bioactive effects on G coupled receptors, neurotransmitter 
systems, fatty acid metabolism, gap junction gating, immune function, and gene expression that 
warrant further exploration. These findings are consistent with the symptoms and proposed underlying 
mechanisms of ASDs. Collectively, this offers further support that gut microbiome metabolites, such as 
dietary or enteric bacterially produced SCFAs, may be plausible environmental agents that can trigger 
ASDs in sensitive subpopulations, and deserve further exploration in basic science, agriculture, and 
clinical medicine. 
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Gut microbiota – a key player involved in the developmental programming of 
the brain 
 
Viorica Braniste 
 
Department of Microbiology, Tumor and Cell Biology, Karolinska Institutet, Sweden; 
viorica.braniste@ki.se 
 
The adult brain in mammals is a highly energy-demanding organ consuming nearly 20% of the human 
body’s basal metabolic rate. Building the brain is even more expensive and consumes approximately 
40% of the body’s metabolic requirements during development. These high needs of energy rely on 
the maternal support through the placental barrier during the intra-uterine life. During the postnatal 
period, the energy is mediated initially via breastfeeding and later by active feeding processes within 
the growing offspring. Gut microbiota is one of the factors considered to play an important role in 
providing energy. It enhances the ability of the host to extract the energy from the diet via fermentation 
of complex oligosaccharides, to support metabolic pathways in the liver and to induce the release of 
the intestinal neuropeptides known to stimulate the food intake.  
 
Previous studies have shown the capacity of the gut microbiota to influence behaviour. These 
changes are associated with increased synaptogenesis, altered metabolism of the neurotransmitters 
within the brain tissues and abnormal levels of the neurotrophic factors such as brain-derived 
neurotrophic factor (BDNF) and nerve growth factor-A1 (NGF-A1). The reconstitution of the normal gut 
microbiota during the pre-conception period restored the behavioural phenotype and the structural 
brain changes in the offspring mice at adult age. On the contrary, the conventionalization of the germ-
free mice during adulthood failed to induce any changes in the brain function. These observations 
highlight the important role of the gut microbiome for normal brain development [1].  
 
A functional blood-brain barrier is crucial for the brain development and neuronal functioning. It 
supports the metabolic needs of the brain by facilitating the transport of the nutrients and prevents the 
passage of the non-desirable blood-borne molecules. The development of the blood-brain barrier 
starts during the early stages of the intrauterine life with the formation of the loose and fenestrated 
blood vessels during vasculogenesis and angiogenesis, followed by the reinforcement of the barrier 
properties known as barriergenesis period. In normal specific pathogen free mice a closed and formed 
blood-brain barrier is observed at approximately embryonic day 16, corresponding approximately to 
the beginning of the third trimester of pregnancy. Contrariwise, foetuses from germ-free dams display 
an incomplete process of barriergenesis. This phenomenon is characterized by increased leakage of 
the infrared-labelled IgG2b antibody from the vessels into the brain parenchyma and low expression of 
the tight junction proteins that seals the endothelial cells forming the blood vessels’ walls. Interestingly, 
the increased permeability of the blood-brain barrier is maintained in germ-free mice at adult age. 
These observations are corroborated by the capacity of the intravenously injected tracers (11C-
Raclopride or Evans blue dye) to extravasate into the brain parenchyma of the germ-free mice and by 
altered integrity of the tight junctions [2].  
 
These observations open up new horizons in the gut-brain axis field. We believe that modulating gut 
microbiota and or its metabolites, in combination with diet, will regulate foetal brain development and 
integrity of the blood-brain barrier and will impact on behaviour later in life. 
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Effect of intestinal microbiota on low-molecular-weight metabolites in the 
mouse brain 
 
Mitsuharu Matsumoto 
 
Dairy Science and Technology Institute, Kyodo Milk Industry Co. Ltd., Japan; 
m-matumoto@meito.co.jp 
 
The effect of gut microbiota on brain functions and behaviour has been investigated in recent studies. 
The results of these studies suggest that intestinal microbiota have a great impact on gut-brain 
communication, which led to the coining of the term ‘microbiota-gut-brain (MGB) axis’. For example, 
intestinal microbiota modulates brain development and aspects of subsequent adult behaviour, such 
as motor activity and anxiety. Studies on the MGB axis have focused on the central nervous system, 
neurotransmitters, synapse-related factors, and brain-derived neurotrophic factors. However, to the 
best of my knowledge, other metabolites stimulated by the MGB axis have not been investigated.  
 
The metabolome in the prefrontal cortex of germ-free (GF) mice and Ex-GF mice inoculated with 
suspensions of faeces obtained from specific pathogen-free mice was analysed using capillary 
electrophoresis with time-of-flight mass spectrometry (CE-TOFMS). CE-TOFMS is a novel strategy 
used for analysing and differentially displaying metabolic profiles. Using this strategy, 196 metabolites 
were identified from the cerebral metabolome in both GF and Ex-GF mice. The concentrations of 38 
metabolites differed significantly (p<0.05) between the GF and Ex-GF mice. Approximately 10 of these 
metabolites, such as Trp, Tyr, N-acetylaspartic acid and pipecolic acid, are known to be involved in 
brain function; however, the functions of the remaining metabolites are still unclear. Furthermore, the 
concentrations of metabolites involved in glycolysis/gluconeogenesis pathways were characteristically 
higher in GF mice than in Ex-GF mice. 
 
The effects of changes in the composition of intestinal microbiota have also been demonstrated. A 
mixture of probiotics (Bifidobacterium animalis subsp. lactis LKM512) and arginine (LKM512 & Arg 
mix) was used for this purpose and its effects on brain activity during the aging process have been 
demonstrated using the Morris water maze. One hundred and forty female ICR retired mice (8 months 
old, previously used solely as breeders) were obtained and were randomly divided into 2 groups and 
placed in separate cage units. The mice in the test group were gavaged with a PBS solution 
containing LKM512 & Arg mixture. The solution was administered 3 times a week, with the 
administration starting when the mice were aged 14 months. The animals were trained to find a hidden 
platform for 8 days in pre-treatment and after treatment (when the mice were 20-months-old). For the 
probe test before administration, there were no differences between the groups in terms of the 
percentage of time in the former platform quadrant. However, for the probe test after 6 months of 
administration (when the age of the mice was 20 months), the LKM512 & Arg mix-treated mice spent 
significantly more time in the former platform quadrant than the controls (p<0.05). We succeeded in 
detecting 260 metabolites from the prefrontal cortex of these tested mice (20-month-old) by using CE-
TOFMS and liquid chromatography-TOFMS. Fourteen of the 260 metabolites were differently 
regulated in the LKM512 & Arg mix group and the control group, indicating that these metabolites are 
related to the promotion of spatial learning and memory. Differences in the levels of these metabolites 
likely depend on the precise composition of intestinal microbiota.   
 
The results show that intestinal microbiota affects cerebral metabolites, and that there is possibility to 
delay the senescence of brain activity by controlling intestinal microbiota.  
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We are what we eat? The impact of diet, pre- and probiotic strategies on gut 
microbiota composition 
 
Sylvia H. Duncan and H.J. Flint 
 
Microbial Ecology Group, Rowett Institute of Nutrition and Health, UK; sylvia.duncan@abdn.ac.uk 
 
A rich balance of human gut microbial species is required to maintain healthy metabolism and immune 
function. Disturbance in this fine microbial balance can have negative consequences for health 
resulting in elevated inflammation and infection which are also contributory factors in diabetes, bowel 
disease and cancer. Changes in the species composition of the human faecal microbiota can be 
detected within a few days of transferring to a new diet. Furthermore, there is a growing awareness 
that the microbial balance in the colon may become increasingly perturbed with aging and therefore 
hastens the onset of certain diseases. Age and diet are therefore major factors driving microbial 
community composition both in the short and long term.  
 
Significant progress has been made in defining some of the dominant members of the microbial 
community in the healthy large intestine and in identifying their roles in metabolism. For example, 
certain bacterial phylotypes identified from 16S rRNA gene sequences respond to increases in 
particular dietary non-digestible carbohydrates across many individuals. This is despite considerable 
inter-individual variation in microbiota composition. Furthermore, controlled dietary intervention studies 
have shown that only certain specific groups of Firmicutes are stimulated by resistant starch or inulin, 
while other representatives of this same phylum are stimulated by complex non-starch polysaccharide 
(NSP) fibres, such as wheat bran or pectin. Functional analysis of cultured strains suggests that these 
Firmicutes bacteria are likely to play a key role in initiating the degradation of these insoluble 
substrates in the colon. The relationship between dietary intake of fermentable carbohydrates and 
metabolic outputs of the gut microbiota, including the potentially beneficial short chain fatty acids, 
propionate and butyrate, is of particular interest in terms of human health. This however requires 
understanding of the bacterial groups involved in substrate breakdown, the distribution of metabolic 
pathways and cross-feeding interactions involved in product formation and how this is driven by the 
gut environment. 
 
Currently, there is a vital need for better awareness of the impact of diet, prebiotic and probiotic 
strategies in driving human colonic microbial composition in order to understand the possibilities for 
maintaining healthy gut function and wellbeing across all age groups. A greater understanding of this 
complex microbial ecosystem is also likely to be aided by theoretical modelling.  
 
 

The gut microbiota as an emerging target to attain longevity and to combat 
age-related diseases 
 
Patrizia Brigidi 
 
Department of Pharmacy and Biotechnology, University of Bologna, Italy; patrizia.brigidi@unibo.it 
 
The intestinal microbiota shows a development trajectory in the course of human life. Age-related 
physiological changes in the gastrointestinal tract, lifestyle, nutritional behaviour, and functionality of 
the host immune system inevitably affect the gut microbial ecosystem. The current knowledge of the 
age-related changes of the phylogenetic composition of intestinal microbiota reports a compromised 
stability and a reduction of the biodiversity with respect to younger individuals. These deviations from 
the healthy-associated microbiota profile are related to immunosenescence and inflammation in a self-
sustaining loop, which allows the placement of gut microbiota unbalances among both the causes and 
the effects of the inflammageing process. We explored the age-related differences in the microbiome 
of young adults, elderly, centenarians and super-centenarians using NGS approaches. The microbial 
composition and diversity of the microbiota of young adults and seventy-years old people were 
unexpectedly similar but significantly differed from those of centenarians. In particular, taxonomic 
changes in the structure of the human gut microbiota in centenarians consisted in a remarkable 
remodelling associated to a rearrangement in Firmicutes and an increase in Proteobacterium, a 
phylum containing many of those bacteria redefined as pathobionts, minor and opportunistic 
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components of the human gut ecosystem that, under some circumstances, e.g. inflammation, may 
escape surveillance, overtake mutualistic symbionts and induce pathology. The microbiota profiles of 
super-centenarians showed significant segregation from the other age-groups, included centenarians, 
and a dramatic reduction of alfa-diversity. The taxonomic evidences found in the different age-groups 
affected the functional distribution of the age-related metagenomes, allowing us to identify clusters of 
specific genes characteristic of the extreme aging. In particular, an increment of the genes of 
metabolic pathways of the aromatic amino-acids tryptophan (Trp), phenylalanine (Phe) and tyrosine 
(Tyr) was detected in centenarians. This finding is in agreement with the increase of two urine 
metabolites markers of extreme ageing, phenylacetylglutamine and p-cresol-sulfate, both derived from 
aromatic amino acids such as Tyr and Phe, evidenced by metabolic analysis. Analogously, 
centenarians showed a significant decrease of gene sequences involved in microbial fermentation of 
carbohydrates and short chain fatty acid (SCFA) production. SCFA play a pivotal role as substrates of 
the gastrointestinal epithelium, stimulators of the release of mucins, immune-modulators factors, and 
promoters of integrity of the epithelial barrier. In particular, a specific decrease of genes involved in 
starch and sucrose metabolism, pyruvate metabolism and glycolysis/gluconeogenesis was assessed 
in centenerians. 
 
All these data confirm that the gut microbiota of centenarians is structurally and functionally 
compromised, moving from a saccharolytic to a putrefactive make up and metabolism. All these data 
confirm that the gut microbiota plays a role in the pathophysiological process of ageing.   
 
 

Ageing, longevity and –omics approaches for gut microbiota metabolism 
characterisation 
 
Sebastiano Collino and F.P. Martin  
 
Molecular Biomarkers Core, Nestlé Institute of Health Science SA, Switzerland; 
sebastiano.collino@rd.nestle.com 
 
As the ageing population rises worldwide, there is increasing awareness on developing plausible 
stratified approaches for ‘healthy ageing’ characterisation. Understanding how the metabolism of an 
individual drifts towards an unhealthy stage is therefore crucial. This requires novel analytical 
approaches enabling the phenotypic characterisation of the gradual development of age-related 
chronic conditions at epidemiological and individual scales. Data on centenarians, today an accepted 
model of healthy ageing, are rapidly been compiled where the identification of biological markers 
conducive of exceptional longevity could provide insights into biological mechanisms that protect the 
host from common diseases and/or slow the biological processes of ageing. Moreover, variations in 
microbiota composition in older people have been displayed to be linked to changes in 
immunosenescence and inflammatory pathways during ageing. Yet, human ageing phenotypes are 
affected by microorganisms residing in the gut, whereas dietary preferences and nutrients composition 
influence human and gut microbial metabolism. There is therefore profound interest to characterise 
the molecular foundations of the gut microbial-mammalian cross-talk at both physiological and 
biochemical pathway levels during aging and longevity. 
 
Within these quests, metabolomics is a valid approach to characterise ageing metabolic phenotypes, 
which results from a coordinated physiological response to various intrinsic and extrinsic factors. This 
property makes this tool very efficient for the generation of biomarkers associated to specific elderly 
physiological conditions. In particular, mass spectrometry has become an increasing powerful tool for 
ageing metabolomics studies and gut microbial activity readouts due to its wide dynamic range, 
quantitative capabilities, and its ability to analyse samples of significant molecular complexity. 
 
 

Bacillus coagulans GBI-30, 6086 and its role in healthy ageing: a multi-factorial 
approach 

 
Edna P. Nyangale1, S. Farmer2, D. Keller2, D. Chernoff3 and G.R. Gibson1 
 
1Food and Nutritional Sciences, University of Reading, UK, 2Ganeden Biotech, Inc., USA and 3Schiff 
Nutrition, USA; enyangale@gmail.com 
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With an increasing aged population the focus has been placed on ensuring elevated vigour in later life, 
based on health aspects known to decline. Immunosenescence is used to describe the decline in 
immune function brought on by age, predominantly involving the innate immune function, responsible 
for the reduction of infection prevalence. Subsequently, those in older age are susceptible to diseases 
and viruses such as influenza and colds. Gut health is another area that changes in older age, with 
beneficial microbial groups, such as bifidobacteria, declining. This can result in reduced competitive 
exclusion of pathogens, allowing them to colonise and exert harmful effects with health implications for 
the host.  
 
Thus far, predominantly in vitro studies have been carried out investigating cellular effects of Bacillus 
coagulans GBI-30, 6086 (BC30), indicating the ability of BC30 to improve competitive exclusion of gut 
pathogens [1]. Furthermore, BC30 has been seen to have positive effects on reducing post-prandial 
gas-related symptoms [2] and immounomodulatory effects, specifically the increased production of 
anti-inflammatory cytokines in peripheral blood mononuclear cells (PBMCs) [3]. Given these results, a 
human dietary intervention was carried out investigating the effects of BC30 consumption on older 
adults, with the aim to investigate the effects on gut microbiota and immune function. This study used 
a double blind placebo-controlled design. Thirty-six volunteers, both male and female, were recruited 
and randomly assigned to receive either a placebo (microcrystalline cellulose) or the probiotic BC30 
(1x109 cfu/capsule). Volunteers consumed one treatment capsule per day for 28 days followed by a 21 
day washout period before switching to the other treatment. At the end of each treatment, faecal 
samples were taken to analyse changes in the microbiota using fluorescent in situ hybridisation and to 
analyse short chain fatty acids by GC-MS. In vivo study aspects of innate immune function were 
monitored, specifically natural killer cell activity and cytokine concentrations of stimulated PBMCs 
using flow cytometry and concentrations of C-reactive protein in plasma and calprotectin in faecal 
samples using ILab 600 biochemical analyser and ELISA, respectively. Furthermore, faecal samples 
were also used in an in vitro study to investigate the added impact of a synbiotic. Single stage cultures 
were inoculated with faeces following intervention; a prebiotic, fructooligosaccharides (FOS) and 
galactooligosaccharides (GOS) was added to the vessels to provide increased substrates for the 
beneficial bacteria within.  
 
Results from the human dietary intervention showed that consumption of BC30 significantly increased 
the population of Faecalibacterium prausnitzii (p=0.02) compared to the placebo, while Bacillus spp. 
(p=0.007) increased from baseline. A significantly higher level of the anti-inflammatory cytokine IL-10 
also occurred (p<0.05) 28 days after consumption of BC30, however, this was not significantly 
different when compared to the placebo. In the in vitro study, baseline populations of F. prausnitzii, 
Clostridium lituseburense and Bacillus spp. were significantly higher in samples after BC30 
consumption compared to the placebo. Both prebiotics increased populations of several purportedly 
beneficial bacterial groups in both sets of volunteers. Samples collected after BC30 consumption 
additionally showed higher populations of C. lituseburense, Eubacterium rectale and F. prausnitzii 
compared to the placebo; this also resulted in significantly higher concentrations of butyrate, acetate 
and propionate. This shows that consumption of BC30 and subsequent use of prebiotics resulted in 
elevated populations of beneficial genera of bacteria as well as organic acid production [4]. The host-
specific benefits associated with consumption of probiotics and prebiotics are well documented. These 
two studies have shown that BC30 supplementation does not only help increase immunologically 
active groups, such as F. prauznitzii, but that it can also be used in combination with prebiotics to 
produce a more pronounced effect on human health. These studies have shown improvements in 
aspects of immunity and gut function, which decline in older age, using dietary intervention as oppose 
to medical. This is all in the hope that the health status of those living into their later years can be 
improved. 
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The development of the infant oro-nasal microbiota 
 
Bart J.F. Keijser1,2, D. Bogaert3, E. Tsitsivadze1 and R.C. Montijn1 
 
1Microbiology and Systems Biology, TNO, 2Preventive Dentistry, Academic Centre for Dentistry 
Amsterdam and 3Paediatric Immunology, University Medical Center Utrecht, the Netherlands; 
bart.keijser@tno.nl 
 
Immediately after birth, infants need to acquire their microbiome. Adequate bacterial colonisation and 
development of the microbiome are necessary to ensure proper immune maturation, metabolic 
development and natural pathogen defense. Most of our knowledge on early life microbiome 
development and maturation relates to the large intestine, showing considerable variation in the first 
few months, later gaining more stability and in progression towards an adult-like gut microbiota [1]. 
Both food, breast feeding, bottle feeding and the introduction of solids food, as well as mode of 
delivery were shown to impact gut microbiota development. We have investigated the development of 
the microbiota of the mouth and upper respiratory tract in infants during the first year of life [2]. While 
both niches have similarities with regard to their chemical and physical environment and shared a 
large number of species, the temporal development of the infant oral and upper respiratory tract 
microbiota showed significant differences. While the upper respiratory tract microbiota displayed 
distinct community structures, each characterized by unique bacterial population and unique 
transitions in time, the oral microbiota of infants showed less variation. In both niches, clear changes 
over time could be observed, and the microbiota development of both niches was shown to be 
dependent on the type of feeding. The oral microbiota appeared to reach stability at an earlier age 
compared to the upper respiratory tract. We speculate that colonisation of the oral cavity is important 
in the subsequent colonisation of the respiratory and digestive tract in infants. 
 
Figure. Patterns in the nasopharyngeal microbiota development of infants [2]. 
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Search for oral probiotics and bacteriocins through metagenomics  
 
Alex Mira 
 
Department Genomics and Health, Center for Advanced Research in Public Health, FISABIO 
Foundation, Spain; mira_ale@gva.es 
 
Bacteria inhabiting the human body play important roles for health that are still not fully understood. 
Those bacteria inhabit our gut, respiratory tract, skin, oral cavity, urinary tract, etc., and can be 
considered as an organ whose function needs to be elucidated. An important fraction of the human-
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associated microbiota has not been cultured and therefore the use of DNA- and RNA-based 
techniques has revolutionised the research in the field. Metagenomics is the study of all genes present 
in the bacterial community obviating the need for culture and has traditionally been performed by 
cloning of microbial DNA in bacterial hosts able to grow in the laboratory. Later on, the combination of 
metagenomic techniques with second-generation sequencing techniques like pyrosequencing or 
Illumina sequencing has allowed researchers to describe the composition and genetic repertoire of the 
human microbiome to an unprecedented level of detail, and avoiding the cloning step. We have 
applied these techniques to describe the microbiota associated to the respiratory tract, the human 
breast milk, the stomach and specially the oral cavity.  
 
Comparing the oral bacterial diversity and gene expression in individuals that have never suffered 
from dental caries (tooth decay) to those suffering the disease we have identified some commensal 
bacteria that appear to protect the teeth against caries-associated species. The cloning strategy 
allowed us to introduce DNA fragments from a healthy dental plaque into Escherichia coli, where the 
substances encoded in this DNA can be screened for antimicrobial activity against oral pathogens. By 
doing this, we have identified several bacteriocins with potential therapeutic value. The direct 
sequencing approach, on the other hand, has allowed us to identify a streptococcal species which is 
found at high frequencies in caries-free individuals. The cuIturing, biochemical essays and sequencing 
of this bacterium have shown that it is in fact a new bacterial species, which we have named 
Streptococcus dentisani [1]. S. dentisani has a double action against tooth decay. First, it produces at 
least five bacteriocins, encoded in a 20 Kbp region, with activity against oral pathogens by severely 
affecting their membrane; secondly, it buffers acidic pH by producing ammonia through the arginine 
pathway. This is important because cavities originate through tooth demineralization by acid-producing 
microbes. In vitro essays in artificial mouth models show that S. dentisani reduces lactic acid formation 
between 3 and 10 times in saliva-derived oral biofilms. qPCR work and culturing shows that the 
bacterium inhabits the human supragingival dental plaque and that it dies after stomach digestion. We 
propose the use of S. dentisani as a probiotic to prevent dental caries and improve oral health. 
 
Recently, the massive sequencing of RNA from dental plaque and cavities has allowed us to study the 
active bacteria and genes during the development of the oral biofilm and through the caries process. 
We have applied this metatranscriptomics approach to detect the active species after a meal in an 
attempt to narrow down the list of species responsible for acid production and dental caries, as well as 
the microorganisms and genes expressed during caries initiation and progression. Finally, the 
combination of flow-cytometry and cell sorting with massive sequencing has served us to identify the 
bacteria recognised by different antibodies in saliva. Thus, the combination of metagenomics, 
metatranscriptomics, microfluidics and traditional culturing approaches can help identify microbial 
consortia with practical applications to prevent disease. We believe that the study of the human 
microbiome must move from a descriptive period to more functional approaches where the expression 
of individual genes and the interaction with the immune system will serve to unravel the function of our 
microbial partners in health and disease. 
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Mouse models to analyse dysbiosis of the oral microbiome in periodontal 
disease 
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Periodontal disease is a chronic inflammatory condition of the tooth supporting tissues which affects a 
very significant proportion of the global population.  The generally accepted view is that periodontitis
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results from the interaction between a microbial challenge derived from the subgingival biofilms on the 
tooth surface and a deregulated host response in the periodontal tissues. Disruption of this interaction 
through debridement of the tooth surfaces, supplemented occasionally by antibiotic delivery, is the 
standard and in most instances broadly effective treatment strategy. The complexity of the subgingival 
microbiota has hindered the identification of the precise microbial aetiology of periodontitis although 
very strong correlations between the amount and composition of the dental plaque biofilm and disease 
have been described. It is now recognised that, similar to perturbations to the microbiome in disease 
states at other sites of the gastrointestinal tract, the periodontal microbiome represents a dysbiotic 
microbial community derived from the normally benign and symbiotic microbiome present in health.  
 
In our laboratory we have used a mouse model of periodontal disease in order to understand the 
factors which govern the transformation of the symbiotic microbial community representative of 
periodontal health to the dysbiotic microbiome characteristic of disease. In so doing we aim to 
determine whether we should view the dysbiotic periodontal microbiome as a cause or a consequence 
of disease and furthermore whether manipulation of the periodontal microbiome by interventionist 
strategies, which could include probiotic approaches, has potential as a novel method of disease 
control. These studies have involved the use of mice reared under either normal specific pathogen 
free (SPF) conditions, germ free mice reared under axenic conditions and the use of a variety of 
knock-out strains of mice defective in different aspects of the innate response. Microbiome analyses 
have focussed primarily on cultural investigations, 16S rRNA cloning and next generation sequencing 
involving 16S rRNA sequencing via the Roche 454 system. 
 
These investigations are demonstrating firstly that there can be a significant level of variation in the 
oral microbiome of laboratory mice of the same strain and from the same supplier. However, once a 
colony is established the oral microbiome is remarkably stable over time and over successive 
generations. Perturbation of the normal microbiome to a dysbiotic state can be achieved by 
introduction of a ‘periodontal pathogen’ that leads to a significant disruption of the composition of the 
microbiome and a very significant increase in total microbial burden. These changes are also 
accompanied by elevated periodontal bone loss. The level of colonisation by the pathogenic species 
can be extremely low in terms of percentage of the overall microbiome (<0.01%) and yet this has a 
very marked effect on the overall community structure. We have referred to this phenomenon as a 
keystone pathogen effect wherein a low abundance species is able to cause disproportionately large 
effects on the overall microbiome. 
 
Transmission of these dysbiotic communities can be achieved horizontally, by co-caging challenged 
mice with germ free animals, and vertically by mating challenged mice and investigation of the off 
spring. In both instances, transfer of the dysbiotic microbiome appears to be highly efficient both 
qualitatively and quantitatively and leads to transmission of the disease phenotype. Hence once a 
dysbiotic microbiome is established it appears to be stable and the ability of this microbiome to 
reproduce the disease phenotype in recipient animals indicates that, in these cases, the dysbiotic 
state is the cause rather than the consequence of the disease process. The availability of these 
models of symbiotic and dysbiotic periodontal microbiomes in well controlled genetically 
homogeneous mice colonies presents an ideal opportunity to examine the factors which govern 
microbiome stability and to assess novel interventionist strategies to the conversion of a disease 
associated microbiome to one representative of health. 
 
 

Potential role of arginine as prebiotic for the healthy oral ecosystem  
 
Egija Zaura 
 
Department of Preventive Dentistry, Academic Centre for Dentistry Amsterdam (ACTA), the 
Netherlands; e.zaura@acta.nl 
 
Dental caries is the most prevalent health condition across the globe and, if left untreated, represents 
a major biological, social and financial burden on individuals and healthcare systems. It is a 
multifactorial disease that results from frequent and prolonged low pH episodes as a consequence of 
microbial carbohydrate fermentation in the oral cavity, leading to demineralisation of dental hard 
tissues. This process is aggravated by an ecological shift in the oral microbial ecosystem from diverse 
and balanced microbial communities to aciduric and acidogenic microbiota – a vicious circle of caries 
pathogenesis. One of the cornerstones for a healthy balance in the oral cavity is the pH neutralising
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potential of this system. Amino acid arginine contributes to this pH recovery, since it is catabolised into 
ornithine, ammonia and CO2 by bacteria that are arginine deiminase system (ADS) positive. 
 
In this presentation the role of arginine on the resilience of the oral ecosystem will be addressed and 
the potential for prebiotic use will be discussed.  
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Host-microbe interaction in inflammatory diseases 
 
Julia-Stephanie Frick 
 
Institut für Medizinische Mikrobiologie und Hygiene Universitätsklinikum Tübingen, Germany;  
julia-stefanie@med.uni-tuebingen.de 
 
The intestinal microbiota is an important determinant of the mucosal response. In patients with 
inflammatory bowel diseases (IBD), the mucosal immune system has inappropriate interactions with 
the intestinal microbiota and toll-like receptor (TLR) expression in IBD patients is increased when 
compared to healthy controls. However, the impact of TLR signalling during IBD is not fully 
understood. We investigated how the composition of the intestinal microbiota affects its TLR activating 
capacity and development of acute or chronic colitis in mice. 
 
Activation of TLR protected mice from acute DSS-induced colitis dependent of the cell type expressing 
the TLR. The induction of the TLR2/4 signal cascade in epithelial cells resulted in inflammation in bone 
marrow chimeric mice, whereas induction in hematopoietic cells had an opposed function. 
Furthermore, feeding of wild-type bacteria prevented disease; however differing signal induction of 
bacteria had no effect on lamina propria (lp) DC activation. In contrast, functional TLR2/4 signals 
resulted in increased frequencies of CD103-expressing lp and mesenteric lymph node DCs, which 
were able to ameliorate disease. 
 
In chronic colitis induced by transfer of naïve T cells to Rag1-/- mice, the strong activation of TLR4 
resulted in induction of disease, whereas the low activation mediated protection. After transfer of 
CD4+CD62L+T cells, mice with intestinal Endolo microbiota (a low proportion of Enterobacteriaceae, 
high proportion of Bacteroidetes, and low endotoxicity) maintained mucosal immune homeostasis, and 
mice with highly endotoxic Endohi microbiota (a high proportion of Enterobacteriaceae and low 
proportion of Bacteroidetes) developed colitis. To determine whether the effects of Endohi microbiota 
were related to the higher endotoxic activity of lipopolysaccharide (LPS), we compared LPS from 
Enterobacteriaceae with that of Bacteroidetes. Administration of Escherichia coli JM83 (wild-type LPS) 
to the mice exacerbated colitis, and E. coli JM83DhtrBPG (mutated LPS, with lower endotoxicity, similar 
to that of Bacteroidetes) prevented development of colitis after transfer of the T cells to mice.  
 
In summary, in acute colitis TLR activation mediated amelioration of disease, associated with an 
increase in CD103-expressing cells, in dependency of TLR signal induction in hematopoietic cells. 
However in chronic T cell driven colitis which might be closer to the human disease, low activation of 
TLR signalling is associated with protection from disease. This finding might aid the design of novel 
biologics or probiotics to treat inflammatory bowel diseases.  
 
 

Faecalibacterium prausnitzii and inflammatory bowel disease 
 
Harry Sokol 
 
Gastroenterology Department, Saint-Antoine Hospital, Equipe Avenir team, Gut Microbiota and 
Immunity, INSERM U1157 / UMR CNRS 7203 and Commensals and Probiotics-Host Interactions 
Laboratory, MICALIS Institute, INRA, France; harry.sokol@gmail.com 
 
Inflammatory bowel diseases (IBD) are chronic debilitating diseases affecting young subjects and 
inducing an alteration of the quality of life. Pathogenesis of IBD is not fully understood but the current 
hypothesis is an inappropriate activation of the gastro-intestinal immune system toward the gut 
microbiota in genetically susceptible hosts and under the influence of environment. The gut microbiota 
in IBD is characterised by an imbalance in its composition named dysbiosis. It has notably been 
shown that the level of bacteria with pro-inflammatory potential is increased whereas the one of anti-
inflammatory potential is decreased. Faecalibacterium prausnitzii is one of the most prevalent bacteria 
of the normal human gut microbiota, and we and others have observed that its level is decreased in 
IBD patients. In further studies, we have shown that F. prausnitzii has anti-inflammatory effects in vitro 
and in vivo through several mechanisms. This bacterium produces molecules with anti-inflammatory 
effects on intestinal epithelial cells. Moreover it induces the production of IL-10 by human peripheral
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blood mononuclear cell (PBMC). We showed that F. prausnitzii is able to specifically stimulate a new 
type of human regulatory T cells expressing both CD4 and CD8alpha (but not FoxP3). Finally, clinical 
data suggest that F. prausnitzii level could be used as a biomarker to predict disease flare in IBD. 
 
 

Lactobacillus rhamnosus GG: from clinical efficacy to understanding its mode 
of action 
 
Sarah Lebeer 
 
Department of Bioscience Engineering, University of Antwerp and Centre of Microbial and Plant 
Genetics, KU Leuven, Belgium; sarah.lebeer@uantwerpen.be 
 
Many probiotics strains undergo a rigorous selection round of various in vitro and animal experiments 
before they are applied in human and animal intervention studies and clinical trials. The validation of 
the health promoting capacities in such intervention studies is crucial for beneficial microbes to obtain 
the label ‘probiotic’ according to the FAO/WHO definition of 2001. Nevertheless, various challenges 
are encountered during the transfer of experimental data into clinical applications. It is at present very 
difficult to design an optimal in vitro and animal pipeline that can optimally predict the probiotic 
capacities of beneficial microbes. In our work, we have chosen a somewhat opposite approach. We 
aim at a better understanding of the modes of action of the clinically well documented probiotic strain 
Lactobacillus rhamnosus GG. Its probiotic efficacy has been well documented for various disorders, 
such as prevention of diarrhoea and atopic eczema, although not all clinical trials are univocally 
positive. Therefore, we adopted a functional and genetic approach to identify key adaptation and 
probiotic factors of L. rhamnosus GG. Specific molecules of L. rhamnosus GG in its activity appear to 
be surface appendages, such as pili and exopolysaccharides, and membrane-embedded molecules, 
such as lipoteichoic acids (LTA). Nevertheless, many details remain to be unravelled.  
 
 

Faecal transplantation for inflammatory bowel disease 
 
David Berry 
 
Department of Microbiology and Ecosystem Science, University of Vienna, Austria; 
david.berry@univie.ac.at 
 
Faecal microbiota transplantation (FMT) is a procedure in which stool from healthy donors is 
transferred to the intestine of recipients, typically via either nasojejunal tube or enema. FMT has been 
used extensively and with great reported success for the treatment of Clostridium difficile-associated 
disease, and is now being considered for a range of other diseases including inflammatory bowel 
disease and metabolic syndrome. Disease remission after FMT is thought to be due to the 
colonisation of the donor gut microbiota, but very little is known about the extent of donor microbiota 
replacement and the stability of the resulting microbiota. To address this, we evaluated the population 
dynamics of the gut microbiota of individuals with ulcerative colitis over a 12-week period following 
FMT. We found that though the efficiency and stability of donor microbiota colonisation varied greatly, 
a positive clinical response was observed in one patient whose microbiota had been augmented by 
FMT. The process of donor microbiota colonisation was not immediately stable, but rather was marked 
by successive colonisation of donor-derived phylotypes, including the anti-inflammatory and/or short-
chain fatty acid producing Faecalibacterium prausnitzii, Rosebura faecis, and Bacteroides ovatus. 
These results suggest that establishment of donor microbiota might be a dynamic process marked by 
stages of ecological development, and that temporally resolved microbial characterisation may be 
valuable for monitoring FMT efficacy in the treatment of ulcerative colitis as well as other diseases. 
 
 

Microbiota-changing therapy, a viable option for the treatment of inflammatory 
bowel disease 
 
Levinus (Leo) Dieleman 
 
Division of Gastroenterology, University of Alberta, Canada; l.dieleman@ualberta.ca 
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The last decade has seen a huge interest in the human microbiome. This was stimulated by the 
exponential increase of molecular techniques for in depth analysis of even uncultivable micro-
organisms. This development was preceded by an increased interest in the gut microflora and its role 
for the pathogenesis of chronic intestinal inflammation. The close proximity of gut microbes and the 
host intestinal epithelium with the vast underlying mucosal immune system leads to multiple host-
microbe interactions. Several rodent colitis models have indicated that specific gut bacteria induce and 
perpetuate chronic inflammation. It was also recognised that intestinal inflammation was associated 
with dysbiosis, with a preponderance of pathogenic-disease inducing bacteria versus a relative lack of 
beneficial microbes. Such a dysbiosis is not unique to gut-related chronic inflammation, but is also 
associated with e.g. rheumatoid arthritis, asthma, food allergies, obesity, diabetes and even multiple 
sclerosis. These findings led to a renewed interest in microflora-altering therapies for these disorders.  
 
One of those chronic inflammatory conditions is human inflammatory bowel disease (IBD), 
compromised of ulcerative colitis (UC) and Crohn’s disease (CD). UC is confined to the colon, 
whereas Crohn’s disease can affect the entire GI tract. IBD is now believed to be caused by a 
combination of genetic, environmental and immunological factors. Although over 160 susceptibility 
genes have been identified it requires a combination of such genetic susceptibility and environmental 
factors to get disease. The high prevalence of IBD in societies with a western lifestyle and the ability to 
acquire the disease in the next generation by migrating from a low endemic to a high endemic area 
suggests that environmental instigators are necessary. Diets can change the intestinal microflora as 
dietary components form the substrate of these micro-organisms. Recently, it was discovered that 
dietary pattern and lifestyle affect specific bacterial enterotypes. Western diets and especially early 
exposure to specific gut microflora affect the unique composition of the gut microbiome of that 
individual. Although the gut microflora is relatively stable after the age of 2-3 years modulations in 
composition and bacterial functions are possible, recently leading to studies in dietary therapies to 
prevent and treat mild IBD among others. 
 
Although Metchnikov described probiotics already in 1911, it was not until 20 years ago that the role of 
beneficial microbes was thoroughly investigated in health and disease. Despite enthusiasm for 
probiotics in IBD only a few well controlled studies have been performed. Only the probiotic cocktail 
VSL#3 and E. coli Nissle 1917 were able to prevent and treat mild to moderately active UC and 
chronic pouchitis, the latter condition after the creation of an ileoanal pouch after colectomy for 
refractory UC, whereas no effect of probiotics has been shown so far for Crohn’s disease. Prebiotics 
are indigestible dietary fibres that can stimulate specific beneficial microbes to produce short-chain 
fatty acids in the colon by fermentation. Beta-fructans oligosaccharides can reduce colitis in 
experimental colitis. Interestingly, in a translational open label study the same prebiotic mixture was 
able to treat mild to moderately active UC. These beneficial effects were accompanied by specific 
microflora changes and were associated with increased butyrate metabolism in the responders.  
 
Taken together, our increasing knowledge of the gut microbiome and the ability to modulate it has led 
to an exponential interest in performing studies to prevent and possibly treat chronic diseases that are 
affected by it. This has led to a renewed interest in assessing the efficacy and potential protective 
mechanisms of new probiotics, prebiotics, faecal transplantation and dietary therapy as an alternative 
or adjunct therapy to current anti-inflammatory drugs for chronic debilitating disorders such as IBD. 
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Next generation prebiotics and probiotics in animal nutrition: what strategy to 
follow? 
 
Richard Ducatelle, V. Eeckhaut, C. De Maesschalck, F. Haesebrouck and F. Van Immerseel 
 
Department of Pathology, Bacteriology and Poultry Diseases, Belgium; richard.ducatelle@ugent.be 
 
Since the EU banned the use of antibiotics as growth promotors in production animal feed on 1 
January 2006, a rise in gut health problems (commonly named dysbiosis or dysbacteriosis) has been 
noticed, especially in broilers and in weaned piglets. This dysbiosis ‘epidemic’ is characterised by 
inflammation in the gastrointestinal tract. It is not unique to production animals as it is also observed in 
humans. Only, in production animals it was masked previously by the use of growth promoting 
antibiotics in the feed. The dysbiosis ‘epidemic’ in farm animals has initiated a vigorous search for new 
feed additives. The goal is not only to stabilise the intestinal ecosystem to avoid gut health problems, 
but also to restore the performance of production animals to the level achieved under the growth 
promoting antibiotics (both in terms of daily weight gain and in feed conversion). As such, the objective 
is completely different from that pursued for prebiotics and probiotics in human nutrition, where weight 
gain is to be avoided. 
 
Prebiotics and probiotics constitute the main categories within the panoply of new feed additives. 
Today, an impressive number of different prebiotics and probiotics are registered with EFSA for 
application in animal feed. However, the requirements that need to be fulfilled before any health claims 
can be made, have been revised recently. Only very few of these products have obtained the 
authorisation to make health claims so far. One of the reasons is that most of these products have 
been developed largely by trial and error and as a consequence the beneficial effects are not in all 
cases equally reproducible. Moreover, many of the microbial strains included in the probiotics were not 
originally isolated from the intestinal tract of the target animal species and do not colonise the 
intestinal tract of the receiving animal when administered in the feed. Nevertheless, it is unclear 
whether viability, host specificity and colonisation are important factors to achieve the desired effects 
in the intestinal ecosystem. This clearly underscores the lack of knowledge about the mode of action 
of the prebiotics and probiotics designed for use in animal feed. To make further progress in the 
design of prebiotics, probiotics and symbiotics for use in animal nutrition, the scientific community 
should seek reliable and easily quantifiable read outs that allow the objective evaluation of the 
beneficial effects of the different products, other than clinical scoring and performance. Such 
parameters should be based on a thorough understanding of the disturbances in the intestinal 
ecosystem that initiate dysbiosis. 
 
Recently the first attempts have been made to delineate a core microbiome associated with improved 
growth and feed conversion, especially in broilers. Further attempts should take into account the 
effects of feed formulations, of raw materials and of the different minor ingredients of the feed on the 
microbiome. Understanding how these different parameters affect the intestinal mucosa and trigger 
pro- or anti-inflammatory mechanisms through shifts in the microbiome should allow identification of 
functional signatures and lay the fundaments for future targeted interventions. Such interventions may 
use next generation rationally designed probiotics. In the past, complex communities of unidentified 
host derived microbes already have been developed for poultry. Next generation probiotics will be 
much simpler or even single strain products. This concept implicitly suggests the existence of specific 
‘lead microbes’ that can, on their own, disturb the host core microbiome, as already demonstrated for 
some probiotics used in human nutrition. Alternatively, next generation prebiotics can be designed for 
selectively stimulating growth and /or activity of a specific host intestinal probiome. In any case, 
beneficial effects are to be expected primarily under suboptimal environmental or nutritional 
conditions. 
 
 

Probiotics in Animal nutrition: gut health and beyond 
 
Ajay Awati 
  
Danisco Animal Nutrition, Dupont Industrial Biosciences, UK; ajay.awati@dupont.com 
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Following World War II, there has been a substantial increase in the global population. This growth 
has increased demand for food which has been reflected in a performance driven growth in animal 
production. Average daily gain and feed efficiency have been key criteria of production success for 
several decades. The animal production industry also has been very successful in meeting these 
criteria. Average daily gain in broilers has risen from around 10-20 g/day in the 1960s to almost 50 
g/day in 2011. At the same time, feed conversion ratio (the amount of feed required to achieve 1 kg 
growth) has substantially reduced. However, this focus and surge in animal production has led to 
some issues, which have become challenges at the beginning of 21st century. Many important factors, 
such as increased incidence of disease, compromised animal welfare, public health issues, antibiotic 
resistance, demand for better quality animal products, public defiance to animal farms in the vicinity of 
humans due to odour, etc., have increased pressure on animal production systems, forcing the need 
to find solutions. Many of these factors are related to the gastrointestinal microbiota and 
gastrointestinal health, which has triggered an imperative worldwide to find nutritional solutions which 
will help solve these issues without reducing the level of productive performance. 
 
In recent years, many feed additives have been developed to counteract these issues. Especially, 
probiotics (also known as direct fed microbials) have been recognised as a potential solution. 
Probiotics are defined as ‘live micro-organisms which, when administered in adequate amounts, 
confer a health benefit on the host’. Effects of probiotics in the gastro-intestinal tract are very well 
documented in the scientific literature. In animal production, two mainstream probiotic solutions 
currently exist: (i) based on Lactobacillus spp. and (ii) based on spore forming Bacillus spp. The latter 
has always been seen as a preferred probiotic, considering the hostile conditions of feed 
manufacturing (high pressure, high temperatures, etc.), which challenge survival of these probiotic 
bacteria.   
 
Recent evidence in scientific and commercial research shows that these probiotic bacteria can have 
effects far beyond the gastro-intestinal tract. They are not necessarily direct effects, but can be indirect 
effects as results of certain activities the bacteria have in the gastrointestinal tract. Studies have 
shown the effect of feeding Bacillus spp. based probiotics not only on increased digestibility and 
performance, but also manure quality, ammonia excretion, meat quality, health and immune system. 
Increasing evidence shows that accepting the effect of these bacteria beyond the gut needs to be 
given due attention when considering them as nutritional solutions and also in future research on the 
applicability of these bacteria in animal nutrition.  
 
 
Brain-gut axis communication: implications in animal welfare in beef animals 
 
Maria Devant, A. Aris, B. Quintana, F. Fàbregas and A. Bach 
 
Department of Ruminant production, IRTA, Spain; maria.devant@irta.cat 
 
Our research goal is to improve feed efficiency enhancing economic return while minimising 
environmental impact, improve animal welfare, and offer high-quality products to consumers. The 
understanding of the brain-gut axis communication can help to achieve these goals. A hazard analysis 
for beef cattle identified three major categories of welfare problems attributable to risks associated 
with housing and management: (i) digestive disorders, (ii) respiratory diseases, and (iii) behavioural 
disorders. Can strategies related to the brain-gut axis prevent or reduce these welfare issues? Among 
digestive disorders, rumen acidosis is the most common pathology. Feedlot steers and lactating dairy 
cows are at the greatest risk for of developing ruminal acidosis because they are typically fed rations 
containing relatively large proportions of grains and often low amounts of fibre and forages. Negative 
consequences of ruminal acidosis are decreased and irregular feed intake, liver abscesses, laminitis, 
and decreased milk fat content. In the last years, research has evidenced that strategies that affect 
eating behaviour (number of daily visits, eating rate, etc...) can also reduce the risk to suffer rumen 
acidosis. Bovine respiratory disease (BRD) causes mortality, illness and economic losses. Recent 
studies indicate that nutrition can help to reduce morbidity of BRD through the modulation of the 
immune response. Lastly, aggressive behaviour in beef animals can impair meat quality and animal 
handling. 
 
The relationship between gut digestion and animal behaviour has, to our knowledge, not been studied 
in ruminants, however, there is some evidence that gut digestion could modulate aggressive 
behaviour in ruminants. Preliminary data from our research group indicate that some feed additives 
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could decrease aggressive behaviour through the modulation of inflammation processes. These 
findings indicate that feed additives might help to reduce welfare problems in ruminants. To our 
knowledge no studies have been conducted in ruminants to elucidate possible signalling pathways 
between the gut and brain related to animal behaviour. Most research has been conducted in mice 
and rats. The rumen harbours a complex microbiome of bacteria, archaea, fungi, protozoa, and 
viruses. Thus, the first important cross-talking between microbiota and the host should take place in 
the rumen. Cecum is also an important fermentative compartment in ruminants. As described 
previously, diet and additive supplementation may affect animal and eating behaviour, but the 
signalling pathways are unknown. Therefore, an explorative study has been conducted involving 24 
Holstein bulls to evaluate the effect of diet on animal behaviour and expression of several genes in 
rumen and cecum epithelia. Genes studied were related to epithelia integrity, inflammation, and 
neuropeptides. Bulls were fed 4 treatments following a 2x2 factorial design, with or without straw and a 
concentrate presented as meal or as a pellet. These diets were designed to obtain different 
fermentation (pH, SCVFA) and behavioural (rumination, stereotypies, etc.) patterns. The most relevant 
preliminary result was that lack of straw supplementation decreased rumination and increased non-
nutritive oral behaviours. Moreover, when rumen was macroscopically evaluated in animals without 
straw supplementation, papillae fusion and hair presence was observed. The lack of straw decreased 
the expression of genes related with inflammation (IL-1β, TNF-α, TLR-4, defensine) and 
neuropeptides (FFAR-2, ADRAC, PPYR1), as well as genes related to epithelial integrity (claudin-4 
and occludin) in the rumen. Dietary treatments had, however, little effect on cecum macroscopic 
evaluation and on gene expression in the cecum epithelia. 
 
Future research in this area (gut-brain axis) should be targeting the interaction among different 
knowledge areas, including feed presentation, feed palatability, digestive tract digestion at different 
sites, tissue integrity, immunity, inflammatory and behaviour. 
 
 

Impact of a live yeast strain of Saccharomyces boulardii on gene expression in 
the colon of piglets around weaning 
 
Melanie Le Bon1, O. Watts2, S. Tötemeyer2, D. Haig2 and K.H. Mellits1 
 

1Monogastric Centre of Excellence, School of Biosciences, University of Nottingham and 2School of 
Veterinary Medicine and Science, University of Nottingham, UK; melanie.le_bon@nottingham.ac.uk 
 
The intestinal mucosa is a complex and rich environment whose role is to fulfil digestive and 
absorptive functions while maintaining a dynamic interface between the densely populated microbial 
milieu and the internal environment. In the pig industry, weaning is a stressful event resulting in major 
impairment of intestinal functions that negatively impact on gut efficiency, economic performance and 
susceptibility to enteric disorders. 
 
In recent years, the use of probiotics has emerged as a strategy to minimise weaning-associated 
disorders and a potential alternative to antimicrobial growth promoters. Saccharomyces boulardii is a 
probiotic yeast with an established history of use for the prevention and/or treatment of diarrhoea and 
chronic inflammatory disease in human medicine. More recently, S. boulardii has also been used in 
the pig industry to increase performance and reduce pathogen burden during vulnerable early life 
stages such as post-farrowing and weaning. Recent advances in DNA sequencing technology are now 
able to provide a comprehensive view of the complex gut ecosystem. Fundamental understanding of 
the host response to stress and nutritional intervention is paramount for the development, application 
and optimisation of successful control measures for improved piglet health, welfare and production.   
In a blinded randomised control trial, we investigated the effect of a S. boulardii strain (CNCM I-1079) 
on intestinal gene expression in piglets through the weaning transition. In this study, oral 
supplementation of piglets with S. boulardii (3.3 x 109 cfu/day) started at 7 days of age and continued 
daily until 35 days. At 21 days of age, piglets were randomly selected to be weaned and mixed with 
non-littermates or to remain suckling with their dam. Control piglets were subject to the same 
procedure without S. boulardii. Gene expression analysis at 1, 4 and 14 days post-weaning were 
performed by qRT-PCR focusing on innate immune genes, and Illumina sequencing was performed 
on colonic tissue with validation of selected genes by qRT-PCR.  
 
We identified a number of differentially expressed genes and network (FDR corrected p value: q<0.1) 
between supplemented and controls piglets, which are believed to be key targets for the 
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understanding of weaning disorders and the mode of action of S. boulardii. Supplementation with S. 
boulardii during the suckling period modulated the expression of more than 500 genes in the colon 
prior to weaning. Weaning at 21 days old affected the expression of more than 1,100 genes in the 
control animals, whereas weaning only affected 434 genes in the probiotic group (Figure 1). We also 
 
 

 
Figure 1. Venn diagram: number of differentially expressed genes by weaning in control piglets compared to S. boulardii-
supplemented piglets.   

 
showed evidence of immunoregulation by S. boulardii in the small intestine, towards an anti-
inflammatory profile, associated with the upregulation of Toll-like receptors and Interleukin-10 mRNA 
levels. Gene expression network and pathway analysis highlighted a possible role of S. boulardii on 
tissue barrier function and integrity, such as cell adhesion and tissue remodelling.  
 
In conclusion, we used a transcriptomic approach to generate hypothesis on the mode of action of S. 
boulardii in the gut during the weaning transition. Our results suggest that S. boulardii may alleviate 
the consequences of weaning stress in piglets by promoting regulatory immune responses and 
maintaining gut barrier function. We are currently exploring this in greater detail.  
 
 

In vitro lead selection as a basis for in vivo modulation of the gut microbiome 
 
Jos van der Vossen 
 
TNO, the Netherlands; jos.vandervossen@tno.nl 
 
The intestinal microbiota comprises a complex ecosystem in which many microbial species take part, 
playing an essential role in the health of the host. In general, the composition of the microbiota is 
relatively stable but environmental conditions may affect its stability. Such actors may be antibiotics, 
infections, and also stress. This general mechanism applies to both individual humans and husbandry 
animals. As for humans it is important to maintain optimal health for a lifetime, for husbandry animals 
additional requirements play also an elementary role. Such are mainly related to economic principles, 
animal welfare and food safety targets. The current opinion on the use of antibiotics in animal farming 
requires a prudent application of these drugs. The use of alternatives that contribute to the reduction 
of prescription and use of antibiotics is encouraged.   
 
This presentation will describe an established platform to simultaneously test a large set of 
compounds or food ingredients and select those compounds that contribute to a better balanced gut 
microbiome. This i-screen allows for mimicking the microbiota of specific sites in the gastrointestinal 
tract of humans and animals in a stable way. We used this platform for selection of beneficial 
ingredients and probiotics for humans as well as for poultry, calves and piglets. For human application, 
an interesting example is the testing of the effects of different widely used antibiotics at different 
concentrations on the intestinal microbiota composition of adults in vitro. Dose-dependent shifts were 
observed and different antibiotics showed different effects on the microbiota composition. Additionally 
the effect of GOS on antibiotic treated ecosystems in vitro will be presented. The improved recovery of 
bifidobacteria will be discussed as well as fermentation of GOS as substrate for microbial activity. After 
observing these promising results of the effects of GOS on the antibiotic treated ecosystems in vitro, 
effects were studied in an in vivo intervention study. The results of the intervention study will be 
presented. 

Control S. boulardii 
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Another example that will be presented is the screening for interesting feed ingredients that allow for 
the modification of the microbiota of the gastrointestinal tract of broilers to a situation that Salmonella 
would be outcompeted. The i-screen platform was inoculated with ileum material from broilers to 
monitor the effect of various ingredients on the change in ileal microbiota composition and effects on 
Salmonella in vitro. Interesting compounds were selected reducing the presence of Salmonella. A 
small set of these compounds were further tested for in vivo performance in view of toxicity of the 
animal as well as efficacy of Salmonella suppression in the broiler GI tract. Some of these display high 
toxicity upon in ovo introduction while others are hardly affecting a successful hatch. Some of these 
compounds passing the toxicity test display a lower incidence of Salmonella infection upon 
challenging. 
 
In conclusion, the i-screen provides the industry with a high throughput platform for selecting 
interesting compounds and activities that support human and animal health and well-being. 
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Identification of a novel link between adipose tissue metabolism and gut 
microbiota: impact on the onset of obesity and metabolic disorders 
 
Patrice D. Cani 
 
Louvain Drug Research Institute, Université catholique de Louvain and Metabolism and Nutrition 
Research Group, Walloon Excellence in Life Sciences and Biotechnology (WELBIO), Belgium;      
patrice.cani@uclouvain.be  
 
Obesity is associated with the onset of insulin resistance, type 2 diabetes and several other cardio-
metabolic risk factors. We and others have suggested that specific cross-talks between gut bacteria 
and the immune system contribute to trigger low-grade inflammation during overweight and obesity.  
 
We have previously revealed that gut microbes dialogue with the endocannabinoid (eCB) system in 
the gut and in the adipose tissue via unknown mechanisms. Moreover, it has been shown that the 
eCB system is a key regulator of energy homeostasis, metabolism and gut barrier. Over the past 6 
years, we have investigated the role of a neglected eCB synthesising enzyme, namely NAPE-PLD. 
We found that this enzyme plays a major role on adipose tissue metabolism as well as on energy 
homeostasis, glucose and lipid metabolism. More strikingly, we discovered that adipose tissue NAPE-
PLD deletion changes gut microbiota composition even though food intake was not affected. Among 
the mechanisms explaining the impact of adipose tissue NAPE-PLD on energy homeostasis, we 
discovered that gut microbes contributes to regulate energy homeostasis via adipose tissue 
browning/beiging processes.  
 
In conclusion, we uncovered the role of NAPE-PLD and related bioactive lipids on energy metabolism 
and we found novel mechanisms involved in the adipose tissue to gut microbiota axis.  
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Probiotics in prevention of weight gain and improvement of metabolic health 
 
Sampo Lahtinen 
 
DuPont Nutrition & Health, Finland; sampo.lahtinen@dupont.com 
 
A shift in lifestyle has resulted in a growing epidemic of obesity and its comorbidities, especially in 
developed countries. One of these comorbidities is the metabolic syndrome, which is characterized by 
insulin resistance and visceral obesity. Recent research has suggested that in obesity, the gut 
microbiota is altered. It is suspected that obesity also alters intestinal permeability, leading to the 
translocation of bacteria and bacterial components into the body – this in turn can cause tissue 
inflammation and decrease insulin sensitivity.  
 
As both the intestine and its microbiota undoubtedly play a role in metabolic diseases, it is plausible 
that specific anti-inflammatory probiotic bacteria may have potential role in the prevention and 
management of obesity, weight gain and metabolic diseases. As a case example, probiotic strain 
Bifidobacterium lactis 420 (B420) has in our experiments shown to be anti-inflammatory and being 
able to improve gut epithelial integrity. B420 was tested in mouse models of diabetes and obesity, 
induced by a high-fat diet. B420 improved glucose tolerance in both animal models, and decreased 
fasted insulin levels. Mesenteric adipose tissue was increased in both high-fat diet models, while the 
probiotic normalised mesenteric fat mass in diabetic mice and prevented mesenteric adipose tissue 
expansion in the obese mouse model. B420 reduced mucosal E. coli adhesion and plasma 
lipopolysaccharide levels. Simultaneously, the expression of tissue inflammatory markers was 
reduced. Thus, the mechanism could be related to decreased translocation of bacteria or bacterial 
components into host tissues, accompanied with reduced adipose tissue inflammation. In conclusion, 
the intestine plays an important role in metabolic regulation and offers an interesting target for novel 
therapies in metabolic regulation. Probiotics, especially B420, have shown promising effects on 
glucose metabolism and weight gain in animal studies. A human study involving an obese population



4th Beneficial Microbes Conference  43 
16-18 March 2015, The Hague, the Netherlands 

is currently ongoing to assess whether the positive effects observed in pre-clinical studies are also 
seen in humans. 
 
 

Experimental metabolic disorders: from functions to target bacteria 
 
Thomas Clavel 
 
Junior Research Group Intestinal Microbiome, ZIEL-Research Center for Nutrition and Food Sciences, 
Technische Universität München, Germany; thomas.clavel@tum.de 
 
The trillions of bacterial cells that colonise the mammalian digestive tract influence both host 
physiology and the fate of dietary compounds. Faecal microbiota transplantation has been 
instrumental in revealing the causal role of intestinal bacteria in energy homeostasis and metabolic 
dysfunctions, such as type-2 diabetes. However, the exact contribution of gut bacterial metabolism to 
host energy balance is still unclear and knowledge about underlying molecular mechanisms is scant. 
In that respect, mouse models are helpful and allow assessment of the causal role of microorganisms. 
However, the study of microbe-host interactions using experimental models of metabolic diseases is 
hampered by a number of technical hurdles, including highly heterogeneous sample collection, 
storage and preparation procedures, as well as various sequencing approaches, animal hygiene 
status, and feeding protocols. We found for instance that diet texture has a major impact on gut 
microbiota diversity and composition. Obese phenotypes are also dependent on housing conditions 
and the nature of fat provided in the diet. One additional limiting factor of studies based on the use of 
gnotobionts is the very limited availability of bacterial strains originating from the mouse gut for the 
sake of colonization experiments. Therefore, we are in the process of releasing the first state-of-the-art 
collection of mouse gut bacteria, including strains with key metabolic functions such as butyrate 
production as well as bile acids and polyphenols conversion. Finally, there is urgent need to 
characterise gut microbial populations beyond diversity and composition analysis based on 16S rRNA 
gene analysis. Via metaproteomics and metabolomics approaches, we found that high-fat feeding 
modulates for instance the bacterial metabolism of amino acids and the occurrence of cholesterol-
derived compounds in the gut lumen. Coriobacteriaceae are common and dominant members of the 
mammalian gut ecosystem that can convert bile acids and steroids. Hence, we propose that these 
bacteria play an important role in the regulation of metabolic responses and the development fatty 
liver.  
 
 

Engineered probiotics for treatment of obesity 
 
Sean S. Davies 
 
Vanderbilt University, USA; sean.davies@vanderbilt.edu 
 
Over the past decade, substantial evidence has accumulated for the role of the gut microbiome in 
metabolic disorders including obesity, diabetes, and cardiovascular disease. Thus, altering the gut 
microbiome may be a useful therapeutic strategy for treating metabolic disorders. One approach is to 
genetically modify intestinal bacteria to secrete therapeutic compounds that mitigate against metabolic 
diseases and thereby provide continuous and sustainable treatment without requiring continuous drug 
administration. To test this concept, we genetically modified the intestinal bacteria E. coli Nissle 1917 
(EcN) to secrete N-acyl-phosphatidylethanolamine (NAPE), an anorexigenic lipid normally synthesised 
by the small intestine, and administered this bacteria (pNAPE-EcN) in the drinking water of mice. 
When initially chow-fed mice were placed on a high-fat diet, simultaneous administration of pNAPE-
EcN inhibited fat gain compared to mice administered control bacteria or vehicle only, and also 
decreased meal duration and overall food intake. Importantly, body weight remained significantly lower 
than control treated mice even 12 weeks after ending bacterial administration. When mice were made 
obese by feeding a high fat diet for 12 weeks prior to beginning pNAPE-EcN administration, pNAPE-
EcN treated mice still had reduced body fat and body weight compared to control treated mice.  These 
data support secretion of NAPE by intestinal bacteria as an effect therapeutic strategy for obesity. 
 
NAPE is hydrolysed to N-acyl-ethanolamine (NAE) by NAPE-specific phospholipase D (NAPE-PLD) in 
the intestine. While NAE is a ligand for intestinal receptors, non-hydrolysed NAPE has also been 
reported to circulate and act in the brain. Administration of pNAPE-EcN to NAPE-PLD null mice failed
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to inhibit fat gain, while pNAPE-EcN further engineered to co-express NAPE-PLD (pNAE-EcN) 
reduced fat gain in both wild-type and NAPE-PLD null mice. Thus, at least for bacterially synthesised 
NAPE,  hydrolysis of NAPE to NAE is required to exert its anorexigenic effects. In summary, our 
studies provide proof-of-concept that incorporating bacteria engineered to secrete NAPE into the gut 
microbiota can be an effective long-term strategy for inhibiting development of obesity and suggest 
that NAPE requires hydrolysis to NAE for its anorexigenic effects. 
 
 

The intestinal microbiota, obesity and insulin sensitivity in individuals with 
metabolic syndrome 
 
Max Nieuwdorp 
 
Academic Medical Center and Diabetes Center, VU University Medical Center, the Netherlands; 
m.nieuwdorp@amc.uva.nl 
 
Alterations in (small) intestinal microbiota are associated with obesity and insulin resistance, with the 
latter usually characterised by low grade endotoxemia. Recent prospective epidemiological data 
showed that specific bacterial species in faecal samples (Lactobacillus gasseri and Streptococcus 
mutans) can predict development of type 2 diabetes mellitus in obese postmenopausal women [1]. We 
recently showed that faecal transplantation (infusing intestinal microbiota from lean donors) in male 
recipients with metabolic syndrome has beneficial effects on the recipients’ microbiota composition 
and glucose metabolism via lowering plasma endotoxin levels [2]. Moreover, preliminary data suggest 
that 4 weeks daily oral gavage with one of the identified small intestinal bacterial strains (butyrate 
producer Eubacterium hallii) has dose-dependent beneficial effects on insulin sensitivity and liver 
steatosis in male db/db mice. Combined our data suggest that specific intestinal bacterial strains might 
be developed as therapeutic targets to normalise chronic inflammatory tone and insulin sensitivity in 
humans [3]. 
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The influence of probiotics on pharmacokinetics of a model drug 
 
Eva Anzenbacherova1, Z. Matuskova2, P. Anzenbacher2 and H. Tlaskalova-Hogenova3  
 
1Department of Medicinal Chemistry and Biochemistry and 2Department of Pharmacology, Palacký 
University Olomouc and 3Institute of Microbiology, Academy of Sciences of the Czech Republic, 
Czech Republic; eva.anzenbacherova@upol.cz 
 
There is a reasonable expectation in the scientific community that the microbiome is able to affect the 
drug metabolism. However there is not enough evidence for that except for classical examples 
involving, e.g., reductive metabolism of several drugs in the human intestine as it was in case of 
splitting of azo bonds and formation of sulfonamides. In our work, we focused on the possibility that 
drug metabolism may be modulated by microbiota present in the gastrointestinal tract. We were 
interested in the possibility that the presence of probiotics may take part in this interaction and may 
hence influence the pharmacokinetics of a drug. The aim of our study was to find whether the probiotic 
E. coli strain Nissle 1917 (EcN) can modify the pharmacokinetic parameters of concomitantly taken 
antiarrhythmic drug amiodarone (AMI) given to experimental animals (rats) by a single oral dose. 
Results show that the EcN (administered to rats for seven days in advance) caused an increase of 
AMI bioavailability (area under the curve, AUC0-30) by 43% in comparison with control samples. 
However, this effect was not found if EcN was replaced by a reference non-probiotic E. coli strain. 
Thus, EcN application was most probably responsible for better drug absorption from the 
gastrointestinal tract. Plasma levels of the main AMI metabolite, desmethyamiodarone (DEA), were 
also increased. This effect was not found with the reference non-probiotic strain. Higher DEA levels in 
samples from EcN-treated rats may be explained either by better absorption of AMI and/or by an 
increased activity of CYP2C forms (known to participate in metabolism of this drug) after EcN 
administration. In other words, it has been documented for the first time that concomitantly taken 
probiotic EcN may modulate pharmacokinetics of a drug; in this case, an increased bioavailability of 
AMI has been observed. It should be, however, stressed that this has been valid in this particular case 
and may not be valid in all cases of interaction of drugs and microbiota. 
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Gut microbiota and anticancer immune responses 

 
R. Daillère, M. Vétizou and Laurence Zitvogel 
 
Gustave Roussy Institute and Institut national de la santé et de la recherche médicale (Inserm), 
France; laurence.zitvogel@gustaveroussy.fr 
 
The clinical management of cancer patients compromises the delicate symbiosis between the gut 
microbiota and the host. Mucositis, a major oncological problem caused by anticancer 
chemotherapeutic agents, is worsened by neutropenia and antibiotics. Our group has reported the 
crucial role of gut microbiota in eliciting innate and adaptive immune responses beneficial for the host 
in the context of effective therapies against cancer. By compromising intestinal integrity, 
chemotherapeutic agents enhance gut permeability and favour the selective translocation of Gram+ 
bacteria (L. johnsonii + E. hirae) into secondary lymphoid organs. There, anti-commensal pathogenic 
TH17 (pTh17) T cell responses are primed, facilitating the intratumoral accumulation of tumour-
specific TH1 T cells that is associated with tumour regression after chemotherapy with 
cyclophosphamide (CTX) [1]. To demonstrate a causal relationship between gut microbiota and 
systemic pTh17 responses induced by CTX, we treated animals that had been previously sterilised by 
means of antibiotics with a cocktail of Gram+ bacteria (L. johnsonii + E. hirae) and found that this 
cocktail (but not L. reuteri or L. plantarum) could induce pTh17 in the spleen of CTX (but not vehicle) 
treated animals and restored the CTX anticancer effects lost in antibiotic-treated mice (unpublished 
data). Importantly, the redox equilibrium of myeloid cells contained in the tumour microenvironment is 
also influenced by the intestinal microflora, contributing to tumour responses. Hence, the anticancer 
efficacy of alkylating agents and platinum salts is compromised in GF mice, as well as in mice treated 
with antibiotics. These findings represent a paradigm shift in our understanding of the mode of action
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of conventional chemotherapeutics. 
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Recombinant Lactococcus lactis: the designer medicine platform 
 
Lothar Steidler 
 
ActoGeniX NV, Belgium; lothar.steidler@actogenix.com 
 
ActoGeniX is at the forefront in performing clinical research using ActoBioticsTM. These live GM 
bacteria enable topical and active (TopActTM) delivery of biologically active proteins – amongst others 
hTFF1, anti-TNF, IL-10, auto-antigens – to the mucosa. We have laid the groundwork for TopActTM 
technology not only by providing proof of concept in animals but also by enabling all of the 
requirements for GCP (good clinical practice) clinical experimentation: development of pharma-grade 
GMP (good manufacturing practice) production, establishment of CMC (chemistry manufacturing and 
controls) documentation, conduct of GMP toxicology studies and pro-active engagement with 
regulatory authorities at both sides of the Atlantic. This has made ActoGeniX been able to successfully 
finalise clinical trials in the USA, Canada, Belgium and Sweden. Current (pre-)clinical programmes 
address oral mucositis, (auto) immune diseases (IBD, type 1 diabetes and celiac disease). 
 
On the background of its robust suite for clinical development, TopActTM can significantly add to the 
field of rapid clinical target validation and translation by its inherent capacity to deliver selected 
peptides. Using its novel proprietary tools for performing synthetic biology in Lactococcus lactis, 
ActoGeniX uniquely positions TopActTM technology for translating large datasets to medicine. As an 
example, while an impressive amount of data on microbiota and their functioning is accumulating, we 
remain confronted with a disproportional slow translation thereof towards medical applications. Filling 
this gap represents a genuine challenge to the community. We now can harvest potential therapeutics 
from the microflora as well as target components thereof. High throughput methodology can be further 
applied to visualize deeper understanding of functionalities within the microbiota. This may in an 
elegant way combine the acquisition of fundamental understanding and translation thereof towards 
medical use. 
 
 

Engineering Escherichia coli adhesion to target cells and tumours for 
diagnostic and therapeutic applications 
  
C. Piñero-Lambea, G. Bodelón and Luis Ángel Fernández 
 
Department of Microbial Biotechnology, National Center of Biotechnology (CNB-CSIC), Spain; 
lafdez@cnb.csic.es 
 
One of the aims of genetic engineering and synthetic biology is the design of microorganisms with 
novel capabilities that could be interesting for the development of new vaccines, diagnostic sensors, 
and therapeutic interventions for major diseases such as cancer. In this regard, the availability of 
genetic elements able to program the adhesion of the engineered bacterium to different targets would 
be extremely useful. This presentation will report the development of synthetic adhesins (SAs) that 
enable to precisely program the adhesion properties of Escherichia coli bacteria to different target 
surfaces, including tumour cells. The structural organisation of these novel SAs is defined by a domain 
that anchors the SA into the bacterial outer membrane, derived from the N-terminal fragment of Intimin 
comprising residues 1-659, and an adhesive domain based on the smallest antibody fragments known 
to date, termed VHHs. This modular organisation allows the modification of the binding specificity of 
the SA by exchange of the VHH sequence. We demonstrate that SAs are efficiently displayed on the 
surface of E. coli and are able to drive bacterial adhesion to antigen-coated abiotic surfaces as well as 
to target tumour cells expressing on their surface the antigen recognised by SAs. SAs were 
constitutively and stably expressed from the chromosome of an engineered E. coli strain lacking a 
conserved set of natural adhesins (i.e., type 1 fimbriae, Antigen 43 and mat fimbriae) and 
constitutively expressing the lux operon as bioluminescent reporter. Using tumour xenograft mouse
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models we have demonstrated that engineered E. coli strains carrying SAs colonise efficiently solid 
tumours expressing the cognate antigen recognised by the SA using lower doses (approximately two 
orders of magnitude) of systemically administered bacteria, compared to control strains with SAs 
binding an unrelated antigen or the wild type E. coli strain. In addition, we observed that the 
engineered strains were cleared faster from non-target organs (e.g. liver and spleen) probably due to 
the deletion of natural adhesins. Generation of SAs against the epidermal growth factor receptor 
(EGFR), overexpressed in many human tumours will be described. 
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Challenge of cancer therapy with Bifidobacterium as a tool for selective and 
continuous production of anticancer substances in tumours 
 
Shun' ichiro Taniguchi 
 
Department of Advanced Medicine for Health Promotion, Institute for Biomedical Sciences, 
Interdisciplinary Cluster for Cutting Edge Research, Shinshu University, Japan; 
stangch@shinshu-u.ac.jp 
 
Regardless of the remarkable development of molecular targeting drugs/antibodies, the complete 
therapy of cancer is still difficult due to the side effects and the appearance of drug-resistant cells and, 
additionally, the expensive price of the newly available drugs. In view of this situation, we have been 
developing a system to selectively and continuously produce antitumour substances only in the 
hypoxic solid cancers with the use of anaerobic Bifidobacterium longum (Bl). We firstly established a 
recombinant Bl expressing cytosine deaminase (CD-Bl) that converts non-toxic 5FC to a popular 
anticancer drug, 5FU. The i.v. administration of CD-Bl to tumour-bearing animals in combination with 
p.o. 5FC resulted in the accumulation of CD-Bl and consequently produced 5FU specifically in the 
tumours, suppressing tumour growth without notable side effects. After further pre-clinical studies, 
including toxicological and pharmacological tests of the combination therapy with i.v. CD-Bl and p.o. 
5FC, the therapy system has been underway for the clinical phase 1 test. Recently, we have further 
succeeded in establishing Bl to express and excrete anti-tumour cytokines and biologically active 
scFvs (single-chain variable fragments) for anti-tumour antibodies, such as anti-Her2 antibody and 
anti-PD1 antibody, thus expectantly contributing to cancer therapy with Bl as beneficial microbes.  
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Short presentations by selected poster presenters to provide an overview of their research and inspire 
the audience to visit their poster. 
 
P6 
Mechanism of utilisation of mushroom prebiotics by bifidobacteria using proteomics  
Peter Chi Keung Cheung 
School of Life Sciences, The Chinese University of Hong Kong, Hong Kong 
 
P2 
Levansucrase Lsc3 as a feasible catalyst for the synthesis of novel prebiotics 
Tiina Alamäe 

Institute of Molecular and Cell Biology, University of Tartu, Estonia 
 
P25 
High fat diet, probiotics and non-alcoholic fatty liver disease 
Luis Vitetta1,2,3 
1School of Medicine, The University of Queensland, 2Medlab Pty Ltd. and 3Sydney Medical School, 
The University of Sydney, Australia 
 
P22 
The role of microbial recognition by the immune system in tooth decay 
Áurea Simón-Soro 
1Department of Health and Genomics, Center for Advanced Research in Public Health, FISABIO 
Foundation, Spain  
 
P24 
Direct and host-mediated mechanisms of pesticide detoxification by probiotic lactobacilli 
Mark Trinder1,2 
1Canadian Centre for Human Microbiome and Probiotic Research, Lawson Health Research Institute 
and 2Department of Microbiology and Immunology, The University of Western Ontario, Canada 
 
P17 
Microengineered human gut-on-a-chip for dissecting intestinal inflammatory disease  
Hyun Jung Kim1,*  
1Wyss Institute for Biologically Inspired Engineering at Harvard University, USA (*present address: 
Department of Biomedical Engineering, The University of Texas at Austin) 
 
P21 
Microbiota and qualified lactobacilli strains sustain mouse longitudinal growth 
Martin Schwarzer1,2  
1Institut de Génomique Fonctionnelle de Lyon, Ecole Normale Supérieure de Lyon, Centre National de 
la Recherche Scientifique, Université Claude Bernard Lyon 1, Unité Mixte de Recherche 5242, France 
and 2Laboratory of Gnotobiology, Institute of Microbiology of the Academy of Sciences of the Czech 
Republic, Czech Republic  
 
P14 
Analysis of rumen microbial populations and SCFAs production in an in vitro rumen simulation system 
(RSS) fed with autolysed Saccharomyces cerevisiae compared to live Saccharomyces cerevisiae  
Berit Hippe  
Biomin, Austria 
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Mining the gut microbiota: towards personalised prebiotics 
 
Koen Venema 
 
Beneficial Microbes® Consultancy, the Netherlands; koen.venema@outlook.com 
 
Over the past two decades it has become clear that the gut microbiota is heavily involved in health 
and disease. Not only for the gut itself, but also for the rest of the body. Correlations have been found 
between the presence/absence of certain bugs and many diseases and disorders, as will have 
become clear from the contributions in this conference. One of the major activities of the gut 
microbiota is the fermentation of carbohydrates, including dietary fibre and prebiotics. Prebiotics are 
defined as non-digestible carbohydrates that specifically stimulate one or a few members of the gut 
microbiota, leading to improved health. However, it is the phrase 'specifically' in that definition that 
usually is not met. Although previously e.g., inulin and fructooligosaccharides were thought to 
specifically increase bifidobacteria, with the advent of new and better molecular tools to study the gut 
microbiota, this bifidogenic concept has been challenged. Besides, other members of the microbiota 
have been identified as beneficial, such as Faecalibacterium prausnitzii and Akkermansia muciniphila. 
Moreover, even other bugs may need to be stimulated when dysbiosis occurs, such as in inflammatory 
bowel disease, obesity, etc. In addition, every individual has his/her own microbiota composition, and 
hence other species and strains, each with their own (carbohydrate degrading) enzyme machinery. 
Due to next generation sequencing methods we have access to a tremendous amount of information, 
either from single strain sequencing, or from metagenomic samples. Genes encoding 
glycosylhydrolases and other carbohydrate active enzymes (CAZy) can be identified in these 
sequences. Attempts and challenges to use this information for the development of strain-specific 
prebiotics will be highlighted. Moreover, the concept of personalized prebiotics will be discussed. 
 
 

Multispecies probiotics combined with multispecies prebiotics – an innovative 
way of product development 
 
L. Mulder, S. Meeuws and Esther Prevo-Keijbets 
 
Research & Development Department, Winclove Probiotics, the Netherlands; 
e.prevo-keijbets@winclove.nl 
 
Multispecies probiotic formulations are often designed for specific microbiota-related disturbances and 
contain besides probiotic strains a variety of other ingredients. All ingredients have a special function 
and ensure the stability, gastro-intestinal survival and metabolic activity of the probiotic product. The 
latest development within this area is that of strain-specific prebiotics. Probiotic strains are generally 
saccharolytic, which means they need sugars to grow on. Most bacteria favour glucose, a very simple 
(short) sugar. Glucose is, however, usually digested very easily and fast, as a result of which other 
carbohydrates are required to ensure that the probiotic bacteria have some food during their journey 
through the GI tract. For this reason, prebiotics could be added to a probiotic formulation. Prebiotics 
are non-digestible, fermentable food ingredients, and because they are not digested they can be 
fermented by the probiotic bacteria in the colon. It was hypothesised in this research that probiotic 
bacteria each have their own preferences in relation to the type of carbohydrate substrate that can be 
used for growth. From a product development point of view this would mean that by specifically 
selecting pro- and prebiotic combinations potentially more effective synbiotic product formulations 
could be composed. 
 
To determine the synbiotic potential, seven commercially available prebiotics were screened for their 
ability to increase growth of 40 probiotic strains in vitro by measuring the optical density (OD, 620 nm) 
in a spectrophotometer. Growth curves showed that each probiotic strain favoured utilising specific 
prebiotics for optimal growth. The results even demonstrated strain-specific substrate preferences 
which were different for genetically similar strains. Based on the substrate preferences of the 
individual strains, mixtures of specifically selected prebiotics were composed for multispecies probiotic 
formulations. Growth of the multispecies probiotic mixtures was again assessed by the OD and in 
addition, the lactic acid production was used to determine the activity of the formulation. Specific 
combinations of pro- and prebiotics showed better growth and higher activity than randomly selected
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combinations or a single substrate. These data indicate that within product development it is possible 
to formulate a multispecies highly complex probiotic product based on in vitro data obtained for single 
compounds.  
 
These results confirm that prebiotics should be selected specifically depending on the bacterial strains 
in the formulation. In conclusion, strain-specific prebiotics can optimally increase efficacy of probiotic 
bacteria, contributing to a next generation of highly effective synbiotic formulations. 
 
 

Developing novel probiotic approaches to detoxification of environmental 
pollutants 
 
Jordan Bisanz1,2, M. Trinder1,2,J.P. Burton1,2,3, T. Smokvina4, J. Van Hylckama Vlieg4,*, G. Gloor5 and 
G. Reid1,2,3 
 
1Canadian Research and Development Centre for Probiotics, Lawson Health Research Institute,  
2Department of Microbiology and Immunology, 3Department of Surgery and 5Department of 
Biochemistry, The University of Western Ontario, Canada and 4Danone Research, France (*present 
address: Chr. Hansen, Denmark); jbisanz@uwo.ac 
 
Environmental toxins are ubiquitous and associated with a number of adverse health outcomes, yet 
exposure is often unavoidable. Efforts to reduce exposure include bioremediation in water and soil, but 
few have considered food grade organisms, including lactic acid bacteria (LAB), to decrease host 
uptake from the gut. Given that many of these toxins, including toxic heavy metals, pesticides and 
mycotoxins, enter the body through the diet, they must be absorbed in the GI tract. Our goal is the 
development of novel probiotic applications acting in the gut capable of preventing toxin absorption by 
sequestration, active detoxification and/or potentiating host xenobiotic metabolism. 
 
Our initial randomised controlled pilot study investigated Lactobacillus rhamnosus GR-1 in cohorts of 
44 school-aged children and 24 pregnant women in Tanzania over the course of 25-days and the last 
two trimesters, respectively. Mercury, arsenic, lead and cadmium were assayed from blood using the 
highly sensitive high-resolution sector field ICP-MS. The children were found to have 5- and 7-fold 
higher levels of lead and mercury than age-matched Canadian children and the women were found to 
have 2.5-fold higher levels of both. While mercury and arsenic were found to increase in the control 
groups of both cohorts over the study period, these metal levels were found to remain stable in the 
pregnant women receiving probiotic intervention, indicating a protective effect against accumulation of 
the metals (3.2 nmol/l mercury, p=0.035; 2.3 nmol/l arsenic p=0.011). Statistical significance was not 
reached in the children who received a shorter duration of intervention, leading us to seek a more 
rapidly acting probiotic specifically tailored for the detoxification of mercury. 
 
We sought strains with mercuric reductase and organomurcurial lyase activity as these elements 
chemically detoxify mercury lowering the bioavailability in the GI tract. Furthermore, the use of 
mercury resistance serves as a proxy for remediation potential allowing rapid and high-throughput 
screening. Eighty strains of genome-sequenced Lactobacillus were screened for mercury binding and 
resistance, and comparative genomics was used to identify putative genes with functions in mercury 
interactions. Two strains of L. rhamnosus (Lr60 and Lr63) were found to exhibit elevated resistance to 
inorganic mercury species that was associated with increased mercury remediation potential in vitro. 
These strains were found to be capable of removing 96 and 45% of inorganic and organic mercury 
from solution, respectively, which is predominantly the result of passive sequestration, but also 
detoxification of the metal. The strains were found to possess a horizontally acquired gene cluster 
encoding a mercuric reductase (merA) and transcriptional regulator (merR) acquired from 
Streptococcus spp. This cluster is unique to only these strains and was not observed in any publically 
available Lactobacillus genome. 
 
The merRA operon was cloned and expressed in the mercury sensitive GR-1 strain and found to be 
sufficient to induce inorganic mercury resistance. Furthermore, knockout of the operon was carried out 
in the parent Lr60 strain demonstrating a loss of resistance. Complementation resulted in recovery of 
phenotype. This provided conclusive evidence of the function of the merRA operon. Strains with 
naturally occurring organomurcurial lyase (merB) were not found in our screening. Thus, we are 
constructing recombinant strains of L. rhamnosus carrying a codon-optimised variant of the well-
characterised broad-range merB3 encoded by Bacillus megaterium MB1. This is an isolate from
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Minamata Bay Japan, the site of one of the largest scale mercury poisoning epidemics in known 
history. 
 
To demonstrate the importance of these mercury-detoxifying elements in the gut, we have begun 
murine models of both chronic and acute mercury exposure using the previously constructed mutant 
strains. The primary endpoint is blood and tissue mercury levels, however we are also examining the 
effect of the probiotic on modulating xenobiotic metabolism in the small intestine, kidney and liver. 
Given previous reports of the significance of the gut microbiota in regulating toxic metal uptake, we are 
also examining the impact of metal exposure on gut microbiome composition and function. It is hoped 
that studies will lead to the development of novel food-grade probiotic applications for environmental 
toxin exposure, both by understanding the molecular mechanisms as well as providing actual efficacy 
data in human subjects. These studies have important implications, especially since anthropomorphic 
activity appears to be increasing environmental toxin exposure. 
 
 

Improving iron absorption by consumption of probiotics 
 
Gunilla Önning1, M. Björklund1, N. Larsson1, M. Hoppe2 and L. Hulthén2 

 
1Probi AB and 2Department of Clinical Nutrition, Sahlgrenska Academy at the University of 
Gothenburg, Sweden; gunilla.onning@probi.se 
 
Worldwide, iron deficiency is the most common micronutrient deficiency [1]. As well as affecting a 
large number of children and women in developing countries, it is the only nutrient deficiency which is 
also significantly prevalent in industrialised countries. Iron deficiency and low iron values could lead to 
an impaired cognition and a weaker immune system. Menstruating women have a considerably high 
need of iron and usually an insufficient intake of iron and/or a low capacity to absorb iron from food. 
New foods with a good bioavailability of iron are therefore needed. Another alternative for subjects 
with iron deficiency is to take iron supplements or drugs with iron. However, these often give adverse 
events like intestinal problems. A new way to increase the iron absorption could be by consumption of 
probiotics. 
 
Several studies have been done to investigate if Lactobacillus plantarum DSM 9843 (LP299V®) can 
increase the iron absorption in women of child-bearing age. In one study, the iron absorption was 
increased by 100% when L. plantarum was present in a beverage based on oats and with a high 
content of phytates. In further studies, the absorption of iron from fruit drinks high in ascorbic acid and 
supplemented with iron were investigated using two doses of bacteria. Here, the iron absorption was 
increased by about 50% in the L. plantarum DSM 9843 drinks compared with a drink without bacteria. 
Thus, the enhancing effect has been observed both in foods with a low bioavailability but also in foods 
with a high bioavailability of iron.  
 
In two recently finished studies, capsules with freeze-dried L. plantarum DSM 9843 were given. The 
capsules also contained iron, folic acid and ascorbic acid. This formulation also gave a significant 
increase of the iron absorption in comparison with a control capsule without the bacteria. The iron 
enhancing effect of L. plantarum DSM 9843 is specific and beyond the effect of ascorbic acid and 
organic acids. The mechanism behind the effect could be related to the colonisation of L. plantarum 
DSM 9843 in the first part of the small intestine where the iron absorption takes place. Studies have 
been started to further study the mechanisms.  
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Probiotics in space: new frontiers for man and microbe 
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The International Space Station (ISS) forms a unique microbial ecological niche encompassing 
numerous spaceflight related parameters, such as microgravity, radiation, closed environment and 
specific bacterial host factors. The complex microbial ecosystem that is accommodated by the human 
body, the human microbiota, plays a crucial role in health and disease. The spaceflight environment 
has been shown to negatively affect the host’s immune system and conversely, to increase microbial 
proliferation, exchange, virulence and antibiotic resistance. As such, changes to the microbiota due to 
spaceflight conditions pose an increased risk to crew health. However, knowledge of human 
microbiota changes under spaceflight conditions is scarce and has mainly been limited to comparisons 
of pre- and post-flight data due to the significant constraints of spaceflight experiments. Here, we show 
the occurrence of drastic in-flight changes of the bacterial microbiota of three cosmonauts during short 
missions to the ISS. We found that it undergoes a major shift in terms of composition and, in addition, 
that numerous bacterial species increase in numbers during spaceflight. Our results demonstrate a 
shift to dysbioses with more patho-symbiontic microbiota, which may lead to gut inflammation and 
indeed affect the host’s immunity. Further research may lead to concepts of human microbiota 
management  by the use of probiotics, as already suggested by Russian scientists. This needs to be a 
serious consideration particularly in view of extended space travel, such as manned missions to Mars.  
 
 

Lactic acid bacterial symbionts in honeybees – an unknown key to honey´s 
antimicrobial and therapeutic activities 
 
Alejandra Vásquez and Tobias Olofsson 
 
Section of Medical Microbiology, Department of Laboratory Medicine, Lund University, Sweden; 
alejandra.vasquez@med.lu.se  
 
Today, due to the misuse of antibiotics and emerging antibiotic resistant pathogens, we are facing a 
new era of searching for alternative tools against infectious diseases. Chronic wounds are subjects for 
intensive research efforts due to the pathogens’ ability to sustain antibiotic treatment and maintain 
chronic infections by biofilm production. Researchers are searching for new antimicrobial weapons in 
natural products and unexplored ecological niches for alternative tools against infections. Symbionts in 
an ecological niche that are already shaped to defend their host by producing bioactive compounds 
are a relatively unexploited option. Less than a decade ago we discovered a large unexplored 
bacterial microbiota of lactic acid bacteria (LAB) in symbiosis with honeybees, located in the honey 
stomach and key players in honey production. Our research have since then investigated if these 
novel LAB with their active bio-products could be the reason for why honey has been regarded as an 
antimicrobial agent through human history. Our tests display that antimicrobial compounds from each 
of the 13 novel LAB inhibit human pathogens from chronic wounds. We also know that each of the 
LAB symbionts produce different bioactive metabolites of varying inhibitory effects against pathogens. 
Presently, we have characterised many substances, such as organic acids, benzene, 3-OH fatty 
acids, hydrogen peroxide, proteins and peptides. We have tested a formulation containing the 13 LAB 
in animal models with very good results and, therefore, a human trail has started. The facts of finding 
new treatments in wound management is already an important tasks in today’s clinical and 
biochemical research. We discovered a unique LAB microbiota in the honey producing tract of the 
honeybee given, for the first time, an explanation to the before unknown factors contributing to honey’s 
antimicrobial properties. Our findings have confirmed that LAB symbionts are responsible for many of 
the antibacterial and therapeutic properties of honey. This is one of the most important steps forward 
in the understanding of the clinical effects of honey in wound management. The explanation model will 
take honey in combination with its viable and standardized amount of LAB into a much wider clinical 
use.  
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The CarboHealth Consortium: Structure and functions of healthy oligo- and 
polysaccharides 

 
Lubbert Dijkhuizen 
 
Department of Microbiology, Groningen Biomolecular Sciences and Biotechnology Institute (GBB), 
Carbohydrate Competence Center, the Netherlands; l.dijkhuizen@rug.nl 
 
The Carbohydrate Competence Center (CCC) is a public private partnership with 25 companies and 6 
knowledge institutes (see http://www.cccresearch.nl). Its main research focus is on carbohydrates and 
human and animal Health. CCC initiates, develops, organises and runs research programmes funded 
for 50% by industries and for 50% by regional and/or national funding agencies in the Netherlands, or 
by the EU. 
 
In the period 2009-2017, various research programmes are running (total budget ~30 MEuro). One 
example is CarboHealth (Carbohydrates for improving health), funded by the companies AVEBE, 
FrieslandCampina, Nutreco, Nutricia, Sensus and Winclove, and the topsector AgriFood, involving the 
University of Groningen (UoG), University Medical Center Groningen (UMCG), and Wageningen UR 
(WUR). The primary goal of CarboHealth is to design and test a technology platform for fast 
identification of the health beneficial effects of the oligo- and polysaccharides produced by these 
companies in animals and human. In 5 work packages we study: the structures and functions of 
prebiotic carbohydrates (WUR, UoG);  effects on the immune system (WUR, UMCG); effects on 
metabolism (UMCG, Nutreco);  effects on the microbiota (WUR, UoG);  and integrated data analysis 
(UMCG, WUR). 
 
UoG contributes by the synthesis and structural analysis of oligosaccharides, focusing on 
commercially available and novel starch-, sucrose and lactose-based oligomers [1-6]. Together with 
WUR (Prof. Henk Schols, Prof. Hauke Smidt) the fate of these carbohydrates and of human milk 
oligosaccharides is studied during fermentation in the gut, also aiming to identify any intermediate 
products and to understand structure-bioactivity relationships. An example of our UoG work is the 
synthesis and characterisation of enzyme modified starches providing a soluble fibre [1-3]. The GTFB 
enzyme involved classifies in glycoside hydrolase family 70 (http://www/cazy.org), is structurally highly 
similar to glucansucrase type of enzymes, but is unable to use sucrose as substrate. Instead it acts on 
maltodextrins and on starches and cleaves alpha-1,4 linkages and introduces linear chains of alpha-
1,6 linkages. Degradation of this modified starch in the gut is studied, aiming to identify the bacteria 
involved, as well as their enzymes and degradation products, and the possible associated prebiotic 
properties. Another example deals with enzymatic synthesis [4], structural characterisation and 
degradation of commercial Vivinal GOS components [5], as well as the enzymatic synthesis and 
degradation of sialylated lactose and GOS using a trans-sialidase enzyme [6]. 
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The GENOBOX Consortium: A GENOmic toolBOX for translating genomic 
sequences to functional properties of microorganisms 
 
Wynand Alkema 
 
NIZO food research and Center for Molecular and Biomolecular Informatics, Radboud University 
Nijmegen Medical Centre, the Netherlands; wynand.alkema@nizo.com 
 
In recent years, the cost of sequencing microbial genomes has dropped significantly and as a 
consequence a large and growing number of microbial genome sequences have become available in 
the public domain. At the same time, the amount of phenotypic data, such as gene transcript levels, 
metabolite production, growth and survival characteristics has increased, fuelled by advancement in 
HTS techniques. Tools to efficiently integrate and use these data for functional predictions are 
currently lacking or not generically applicable. The GENOBOX consortium, consisting of four SMEs 
and two research institutes, has been established with the aim to build generic predictive models for 
microbial functionality based on genomic sequences and a variety of phenotypic data. Functionalities 
that are targeted include cell adhesion, robustness, growth yield and GI-survival as well as 
functionalities related to food taste and texture. The models are built with statistical tools, such as 
Random Forest based classification and orthology prediction augmented with biological data obtained 
from curated databases and via literature mining.  In this talk, the general approach of the 
development of genomics driven predictive models will be discussed and initial results of the predictive 
modelling will be shown. 
 
 

The FibeBiotics Consortium: Research strategies to analyse effects of fibres 
on the microbiota 
 
Jurriaan Mes  
 
Food & BioBased Research, Wageningen UR, the Netherlands; jurriaan.mes@wur.nl 
 
The EU FibeBiotics consortium studies the effect of non-digestible polysaccharide (NPS) on the 
immune system. NPS can exert immunomodulatory properties directly by interacting with gut epithelial 
and aligning immune cells but also indirectly via changes in microbiota and metabolites produced by 
microbiota. Therefore, FibeBiotics activities include studies on microbiota and their metabolites in 
relation to immune health parameters. The consortium contributes to the microbiota oriented research 
by developing a new cost-effective method to analyse microbiota composition based on GA-map™  
technology and have developed new mathematical models to study gut microbiota based on 16S 
rRNA sequencing of faecal samples. The consortium is also involved in development of on line SCFA 
sensor that can be applied in vitro and in vivo, and further develops the SHIME® model to be able to 
study the role of mucus-based adherence of bacteria (M-SHIME®) during colon simulation studies. 
 
In addition, several human intervention trials are performed in which effects of NPS interventions will 
be studied in relation towards health parameters, including changes in microbiota in connection with 
the observed immunological changes. The human intervention trial was designed as a double blind 
placebo controlled trial, including five arms of different NPS supplements and a placebo arm. The 240 
included persons were in the age range of 55-70 year. They all received in total a five weeks 
intervention with NPS or placebo. During this period subjects were vaccinated with a standard 
seasonal flu vaccine for which HI titres were studied one and three weeks after the vaccination. 
Results of the trial, including impact on the microbiota composition, will be discussed during the 
presentation. 
 
 

Lignofood: How Cannabis sativa can result in emerging prebiotics 
 
Nuria Mateo 
 
Isanatur, Spain; nmateo@isanatur.com 
 
The Lignofood concept evolves from the idea of using underutilised byproducts of crops, such as 
hemp (Cannabis sativa) to obtain prebiotic products of added value for intestinal health. Hemp is one
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of the oldest cultivated plants (dating back to 8000 BC in China and the Middle East) and responsible 
of numerous environmental benefits. It is exceptionally resistant to pests allowing reduction of 
agricultural biocides use, it has a positive crop-sequencing effect for the cultivation of other common 
bioenergy crops, and it is one of the fastest growing crops (from seed to harvest in 120 days). Despite 
the long tradition of hemp cultivation in Europe, the misconception of hemp with marihuana, and the 
displacement of hemp fibres by synthetic ones led to a significant decline and loss of numerous plant 
varieties. Since the establishment of proper regulations allowing cultivation of hemp varieties with THC 
thresholds (Council of the European Communities, 1998), the cultivation of hemp has lately increased, 
mostly aimed at producing fibre and seeds. However, 1 ton of hemp straw yields a significant amount 
of shives (55%) apart from the fibre counterpart (28%). While hemp fibres are used in a wide range of 
applications (bio-composites, insulation materials, fleeces for horticulture production, fabrics, cellulose 
and pulp and paper applications), hemp shives applications are poorer in the market. Thus, the 
Lignofood project proposes to use hemp shives, which are a source of hemicellulose (mainly xylan up 
to 20%), to obtain xylo-oligosaccharides (XOS), and xylitol (sweetener), both valuable ingredients for 
the functional food industry.  
 
XOS were firstly used as food ingredient in Japan in the 1990s. They are approved as ingredients in 
‘foods for specified health uses’ (FOSHU), particularly in foods to modify intestinal conditions at a daily 
recommended dose of 1-3 g (Japanese Ministry of Health, Labour and Welfare). Since 1997, 32 
product launches with XOS have been reported in dietary supplements (38%), dairy (25%), sugar and 
gum confectionery (16%), non-alcoholic beverages (13%), and baby food (8%). XOS have also been 
recently ‘generally recognized as safe’ (GRAS) in the USA, while the EU market is still rather virgin in 
XOS containing products at the moment. Despite being a versatile ingredient of numerous different 
application purposes, the most interesting feature is that XOS stimulate the growth of specific bacteria, 
becoming increasingly relevant as prebiotic. XOS have been shown to be preferentially fermented by 
a relatively limited number of intestinal microbes including Bifidobacterium species. As food 
ingredients, XOS have an acceptable odour, and are non-cariogenic and low-caloric, allowing their 
utilization in anti-obesity, sugar free or other specific diets. From the food processing point of view, 
XOS show advantages over other oligosaccharides, such as FOS and inulin, in terms of resistance to 
both acids (pH 2.5–8.0) and heat, allowing their utilisation in low-pH juices and carbonated drinks. In 
addition, XOS have been shown to offer more resistance to digestive juices than IMOS and FOS and 
a greater retardation effect on bile acid absorption. Moreover, an advantage of XOS over GOS, is the 
total absence of lactose, being suitable for lactose intolerant population groups. 
 
XOS will be produced from hemp shives by enzymatic methods (greener than chemical ones) with the 
use of cost-effective strong and re-usable biocatalysts being developed within the Lignofood project. 
Furthermore, XOS structure relationships will be drawn to select the most desirable structure for 
fermentation and growth stimulation of specific bacteria using in vitro systems. As a result, XOS will be 
produced with the optimal degree of polymerisation for the selective stimulation of identified beneficial 
bacteria and greatest prebiotic effect. 
 
In total, the project consortium include 10 beneficiary partners: Isanatur Spain S.L. (Spanish 
Biotechnology-based SME developing innovative healthy natural ingredients), Envirohemp S.L. 
(Spanish start-up developing technological solutions for the exploitation of renewable resources 
through environmentally sustainable processes), Zade Vital (Turkish SME with a long track in 
vegetable oils production and emerging in the field of food supplements), JSC ‘Biotehniskais centrs’ 
(Latvian innovative company managing bioreactors design, automation of fermentations and another 
processes), Institute of Catalysis and Petrochemistry (Spanish research group expert in enzyme 
immobilization techniques to optimize biocatalysts mediated processes), Graz University of 
Technology (Austrian research group specialised in cell-based biocatalysts), TNO (Dutch Research 
Centre focused on applied food research and other sciences), Selcuk University (Turkish research 
group of substantial technology and biology expertise), Centre of Innovation and Food Technology 
from La Rioja (Spanish Technological Centre specialist in food innovation), and the project 
coordinator, Contactica S.L., Spanish R&D consulting company. 
 
Acknowledgements 
The research leading to these results has received funding from the European Union’s Seventh 
Framework Programme managed by REA-Research Executive Agency under grant agreement No. 
606073. 
 



56  4th Beneficial Microbes Conference  
  16-18 March 2015, The Hague, the Netherlands   

MyNewGut: Deciphering the role of gut microbes in nutrient metabolism and 
host health 
 
Alfonso Benítez-Páez, K. Portune, E. Gómez-del-Pulgar and Y. Sanz 
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Alimentos (IATA-CSIC), Spain; abenitez@iata.csic.es 
 
Emerging evidence suggests the microbiome and its genome (microbiome) contributes to regulating 
energy balance and brain development and function, thereby determining our risk of developing diet 
and behavioural disorders. The MyNewGut project, which receives funding from the European Union’s 
7th FP, will work towards identifying the influence of modifiable lifestyle factors on the gut microbiome 
and the specific intestinal bacteria that contribute to and predict these disorders at critical stages in 
life. Obesity is one of the major diet-related disorders to be investigated by the MyNewGut consortium. 
Obesity is a multifactorial disorder involving lifestyle factors such as diet, eating habits and physical 
activity, all set within a socio-cultural environment, as well as endogenous factors, such as  
genetics/epigenetics and neural, immune and endocrine functions. To progress in the understanding 
of the microbiota role within this complex scenario, the MyNewGut consortium will work to (i) expand 
knowledge of the contribution of the human microbiome and specific bacteria to nutrient metabolism 
and energy balance, (ii)  identify microbiome-related features that contribute to or predict obesity and 
associated disorders, and (iii) provide proof-of-concept of the potential of dietary interventions with 
new foods/ingredients to reduce risk of obesity and the associated disorders in humans. To do so, we 
will develop a multidisciplinary research approach, using functional omics-technologies and systems 
biology, in well-controlled human trials. As a result, the MyNewGut project will generate robust 
scientific knowledge in human microbiome research, which will help to establish new strategies to 
ultimately reduce the socioeconomic burden of diet-related disorders in the EU.  
 
 

Asian Microbiome Project: Diversity in gut microbiota of Asian people 
 
Jiro Nakayama1 and Y.-K. Lee2 
 

1Department of Bioscience and Biotechnology, Faculty of Agriculture, Kyushu University, Japan and 
2Leader of Asian Microbiome Project, National University of Singapore, Singapore; 
nakayama@agr.kyushu-u.ac.jp 
 
Asia differs substantially among and within its regions populated by diverse ethnic groups that 
maintain their own respective cultures and dietary habits. With the increase of interests in the structure 
and function of human gut microbiota, the Asian Microbiome Project (AMP) is investigating the 
diversity in the gut microbiota of Asian people together with ten countries from East and Southeast 
Asia. AMP has accomplished the first and second phase studies. In the first phase, we focused on the 
school-age children aged from 7 to 10 years (n=415) who are tended to follow the dietary habit of each 
country. In the second phase, we expanded the targeted age to adult (20 to 40 years, n=220) and 
elderly (>60 years, n=179) populations. The outcomes of these two studies are summarised as below: 

 There are two enterotype-like clusters in Asian children. Children living in Indonesia and rural 
city, Khon Kaen in Thailand, mostly harbour Prevotella-driven type (P-type) while the majority 
in Japan, China, and Taiwan, harbour Bacteroides/Bifidobacterium-driven type (BB-type). 

 As a whole, children in Asia are rich in Bifidobacterium. In particular, it accounts for 20% of the 
total bacterial population in the children in Japan and Lanzhou in China. 

 Children in Japan harbour a unique microbiota with high and low abundance of 
Bifidobacterium and Enterobacteriaceae, respectively, and distinctively low collective and 
individual diversity. 

 Enterotype bias in each country became less clear with ageing. 

 The abundances of Bifidobacterium and Enterobacteriaceae tend to decrease and increase 
with age, respectively, although there is a large variance among individuals and countries. 

 
Those features may reflect their dietary habit, living environment and maybe also genetic factors, 
which should be addressed by further study in the project. 
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Role of phages in preserving diversity of prokaryotic populations 
 
Francisco Rodriguez-Valera 
 
Evolutionary Genomics Group, Universidad Miguel Hernandez, Spain; frvalera@umh.es 
 
Thanks to high throughput genomics and metagenomics we know that many (if not all) natural 
populations of prokaryotic species are composed of multiple clonal lineages that appear concurrently 
sharing the ecological niche. These lineages, that we call clonal frames, differ from each other by only 
1-2% nucleotide sequence of their core genomes but diverge in their gene pools (flexible genome). 
Thus the combined gene content of a bacterial population at any given point of time and space can be 
enormous, competing in gene diversity and physiological attributes, with eukaryotic or even 
multicellular organisms. The competitive edge provided to the population as a whole by this diversity 
can be of paramount importance. In addition, it guaranties that decomposers can deal with a large 
load of nutrients, organic and inorganic, what is essential for an optimized ecosystem functioning. 
However, given that bacteria reproduce clonally and that selection of the fittest will act at the level of 
individual cells, it is hard to see how these complex population can persist in time. Eventually, one 
clone would expand disproportionately (periodic selection event) and lead to extinction many of the 
others, decreasing genetic diversity. Then is when phages come to the rescue. Bacterial viruses 
(phages) diversity mirrors that of their prey and many of them have a remarkable degree of specificity, 
often they would attack only a single clonal frame. This is reciprocal, clonal frames have different 
phage receptors coded in genomic islands that are clone-specific. This specificity acts as a population 
equaliser. If any clone increases inordinately in size the density dependent predation exercised by 
clone-specific phages will increase, acting as a feed-back regulator of each clone cell density. 
Reversely, the ones in small numbers are less likely to be predated upon. This model revisits the 
classic kill-the-winner dynamics proposed in the ‘90s for species of planktonic microbes. What is the 
origin of these metaclonal consortia? I have proposed before that they include their specific phages 
and all together represent the real selection unit in the prokaryotic world or selectome.  
 
 

Research priorities and innovative barriers in the probiotic industry 
 
Eric Claassen1,2 and M. van den Nieuwboer2 

 

1Department of Virology, Erasmus MC and 2Athena Institute, VU University Amsterdam, the 
Netherlands; prof.eric.claassen@gmail.com  
 
Industries are converging at the food-pharma interface and work in different regulatory and 
reimbursement areas on either functional foods or medical foods. Previously [1,2], we showed that 
although the core technology domain is food within the medical-food industry the technological 
development is mainly driven by pharmaceutical/pharmacological technologies and innovation barriers 
still exist. In this study, we used similar methods as described above for the determination of 
innovation barriers and research priorities for probiotics. The essential elements were identified by key 
opinion leader (KOL) interviews and a quantitative analysis. As for medical food we analysed this from 
different perspectives namely: (i) academic research, (ii) regulatory, (iii) industrial developers, and (iv) 
users. 
 
Furthermore, we will also show that probiotics are safe (from an all-inclusive canvassing of published 
clinical trials cf. also Van den Nieuwboer et al. [3,4]). However, inconsistent, imprecise and potentially 
incomplete reporting as well as the variation in probiotic species, strains, matrices, dosages, 
administration regimes, study populations and reported outcomes, greatly limits the generalisability of 
conclusions and argues convincingly for obligatory and standardized behaviour on adverse events 
(CTCAE) reporting in all ‘food’ studies. 
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Technological advances in a new golden age for microbiology, and future 
prospects for therapeutic intervention 
 
Alan W. Walker 
 
Rowett Institute of Nutrition and Health, University of Aberdeen, UK; alan.walker@abdn.ac.uk 
 
The last decade has seen an unprecedented level of interest in the human microbiota, largely driven 
by advances in DNA sequencing technologies, genomics and bioinformatics. In my talk I will give a 
brief overview of some of these advances, and will highlight some of the areas where the field of 
microbiota research may be heading over the next decade. 
 
We now have a much improved understanding of the composition of the human microbiota (“who is 
there?”) but there is still much work to be done to unravel the functional profiles of many of the 
constituent species (“what are they doing?”). One major barrier to this sort of research is that fact that 
we have yet to culture many human microbiota species in the laboratory. While techniques, such as 
metagenomics, are hugely powerful and allow us to access the uncultured component of the 
microbiota, they have important limitations. For example, it is often not possible to assign putative 
functions to a large proportion of metagenomics-based data, simply because reference databases lack 
well characterised close matches. I will therefore discuss burgeoning techniques such as single-cell 
genomics and community-wide stable isotope probing, and present the case for re-incorporating more 
traditional microbiological techniques such as culture, as a means to bolster metagenomics-based 
studies. 
 
I will also focus on areas of tremendous therapeutic potential, in particular the practice of faecal 
microbiota transplant (FMT) and the development of next generation probiotics. FMT has been shown 
to have great efficacy in the treatment of refractory Clostridium difficile infections, and has been 
trialled, with less consistent results, for conditions such as inflammatory bowel disease and obesity. 
There are, however, a number of barriers that make it difficult to carry out FMT systematically and on 
a large-scale. As a result there is a real impetus towards developing simplified, novel probiotic, 
treatments instead. This effort is distinct from work with the more traditional probiotic organisms such 
as Lactobacillus and Bifidobacterium, and instead aims to utilise the beneficial activities of some of the 
more numerically abundant, obligately anaerobic, species that tend to dominate the gut in health. I will 
therefore finish my talk by highlighting some recent examples that have demonstrated the potential of 
specific obligate anaerobes to treat infections such as C. difficile. 
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P1 

A regulatory role for probiotic yoghurt on parameters of metabolic health in 
healthy men: a pilot study 
 
K.J. Burton1, G. Pimentel1,2, R. Badertscher2, R. Portmann2, Ueli von Ah2, W. Bisig2, M.J. Voirol1, 
F.P. Pralong1, N. Vionnet1 and G. Vergères2 
1Service of Endocrinology, Diabetes and Metabolism, University Hospital CHUV and 2Institute of Food 
Science, Agroscope, Federal Office of Agriculture, Switzerland; ueli.vonah@agroscope.admin.ch 
 
With a third of the human diet made up of fermented foods, health-promoting properties of fermented 
dairy products represent a major area of research with potential implications for public health policy 
and food industry development. Despite evidence from numerous studies that describe metabolic and 
immune-modulating properties of fermented dairy products, there remains controversy concerning the 
validity of these proposed properties, with the mechanisms underpinning their effects not yet well-
established. The specific physiological effects of fermented dairy products directly depends on lactic 
acid bacteria activity; either through bioactive metabolites released during milk fermentation or later on 
through their activity within the gut and, in both cases, by directly influencing the hosts metabolic 
profile and by changing intestinal microflora balance. Our pilot study aimed to assess the effect of 
probiotic yogurt consumption on parameters of metabolic health. The dynamic response to the acute 
and chronic ingestion of a liquid yoghurt enriched with the widely used probiotic Lactobacillus 
rhamnosus GG (LGG) was evaluated using clinical indicators of metabolic health in parallel with 
different ‘-omics’ approaches. In this double blinded cross-over study, fourteen healthy male 
volunteers were recruited and randomised to test a yoghurt containing the LGG and the control, an 
acidified non-fermented milk. Both products were tested after a single dose (800 ml) and after two 
weeks of daily consumption (400 ml/day). In the first single dose test, the post-prandial response to 
the product was evaluated over six hours. In the second test, the effect of daily consumption of each 
product on fasting analyses was evaluated as well as the postprandial response to a high fat meal 
known to induce a transient inflammatory response. A two week run-in phase preceded the beginning 
of the study with three week wash-out phases between testing each product. Dietary restrictions were 
in place throughout the study with three days controlled diet prior to every test day. Milk was provided 
during the run-in and wash-out phases (400 ml per day). To establish the mechanisms by which a 
probiotic yoghurt may induce physiological changes following ingestion, an extensive approach of 
evaluation has been chosen. Nutrikinetic assessments in the postprandial phase of ingestion will 
primarily address the immediate impact of the food metabolome on the serum metabolome. 
Conversely, nutridynamic assessments will consider the chronic effect of the product on parameters of 
metabolic health, intestinal microflora changes, response to inflammatory stress and fasting serum 
metabolome. Furthermore, the identification of specific biomarkers and metabolic pathways that are 
regulated by probiotic yoghurt intake may enable a more targeted selection of probiotic strains to 
increase the efficacy of probiotic yoghurt in improving the metabolic health. 
 
P2 

Levansucrase Lsc3 as a feasible catalyst for the synthesis of novel prebiotics 
 
T. Visnapuu1, A. Aasamets1, E. Jõgi1, K. Metsla1, M. Gromkova1, H. Vija2 and Tiina Alamäe1 

1Institute of Molecular and Cell Biology, University of Tartu and 2National Institute of Chemical Physics 
and Biophysics, Estonia; talamae@ebc.ee 
 
Prebiotics are selectively fermented ingredients that can shape composition and/or activity of the 
gastrointestinal microbiota and may thereby promote the host health. Plant-derived fructans (inulin and 
FOS) are the most studied prebiotic sugars that are already approved and widely used as health-
promoting supplements in functional foods. However, prebiotic effects of β-2,6 linked fructans – levan 
and levan-type FOS – have been only scarcely addressed. The main reason is the absence of their 
respective substrates on the market or their very high price. We have isolated and studied the 
levansucrase Lsc3 from a plant-related bacterium Pseudomonas syringae pv. tomato. Our data show 
that the purified Lsc3 protein has a very high catalytic constant (kcat ~504 s-1) and superior stability [1-
3]. The Lsc3 protein is a highly efficient polymeriser producing not only high-molecular levan but also 
short-chain FOS from sucrose and sugar beet molasses [1,3]. Among the FOS, 1-kestose, 6-kestose, 
nystose, blastose and longer FOS with DP up to 7-8 were disclosed. We consider that Lsc3 has a 
considerable biotechnological potential for the production of levan-type fructans for further study of 
their biological effects. We have optimised the reaction conditions for efficient enzymatic synthesis of 
levan and FOS by pure recombinant Lsc3 protein. To purify the FOS mixture from the mono-
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saccharides, a simple and cost-efficient treatment of FOS mixture with the yeast was introduced. The 
fructan preparations produced using Lsc3 were tested as growth substrates for a gut commensal 
Bacteroides thetaiotaomicron (Bt) [4]. Levan and levansucrase-produced FOS were perfectly 
degraded and fermented to short-chain fatty acids by Bt. Fructan fermentation rate and product 
formation dynamics were dependent on the supply of amino acids in the medium [4]. 
Acknowledgements. This research was funded by the grant GLOMR9072 from Estonian Research 
Council and the ERF grant 3.2.0701.12-0041 (SLOMR12215T) managed by the Archimedes 
Foundation. References. 1. Visnapuu, T. et al., 2011. Journal of Biotechnology 155: 338; 2. Mardo, K. 
et al., 2014. Molecules 19: 8434; 3. Mardo, K. et al., 2014. Biotechnolofy and Applied Biochemistry 61: 
11; 4. Adamberg, S. et al., 2014. Frontiers in Nutrition 1: 21.   
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Exploring the synbiotic preferences of probiotic Lactobacillus salivarius W57, 
Lactobacillus paracasei W20, Pediococcus acidilactici W143 and Enterococcus 
faecium W54 
 
Markus Böger, S. van Leeuwen, A. Lammerts van Bueren and L. Dijkhuizen 
Department of Microbiology, Groningen Biomolecular Sciences and Biotechnology Institute, the 
Netherlands; m.c.l.boger@rug.nl 
 
Pre- and probiotics have been shown to affect human health and metabolism in various beneficial 
ways [1]. Combinations of pro- and prebiotics, called synbiotics, aim for a more specific output on 
health by increasing the overall growth of the probiotic as well as altering its metabolic activities. Here, 
we monitored growth, substrate consumption and release of short-chain fatty acids of four novel 
probiotic strains when grown with 15 different non-digestible carbohydrates comprising fructo-
oligosaccharides (FOS), galacto-oligosaccharides (GOS) and novel isomalto/malto-oligosaccharides 
(IMMPs)[2]. Results were aligned with carbohydrate active enzymes present in the bacterial genomes. 
Interestingly, except for L. paracasei W20 and inulin, substrates have only been used partially or not at 
all indicated by final OD600nm values not exceeding 60% of well grown glucose controls. Release of 
short-chain fatty acids correlated with growth except for E. faecium W54 that did not acidify its medium 
at all although it grew on several carbohydrates. By elucidating the substrate utilisation further through 
chromatographical approaches it became clear that partial growth was due to limited up-take of 
fractions only up to DP3 in case of FOS and DP2 in case of GOS. L. paracasei W20 used up Inulin 
substrates completely. These results highlight the capabilities of the probiotic strains to utilise non-
digestible carbohydrates and provide the basis for combining novel probiotic strains with prebiotic 
carbohydrates resulting in beneficial synbiotics. References. 1. Walsh, C.J. et al., 2014. FEBS Letters 
588: 4120; 2. Leemhuis, H. et al., 2014. Journal of Agricultural and Food Chemistry 62: 12034. 
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Degradation of starch and starch derivatives by infant bifidobacteria 
 
Vera Bunesova, C. Lacroix and C. Schwab 
Laboratory of Food Biotechnology, Institute of Food, Nutrition and Health, ETH Zürich, Switzerland; 
vera.brunesova@hest.ethz.ch 
 
Bifidobacteria are dominant in the faeces of breast fed babies due to their ability to degrade and utilise 
human milk oligosaccharides. During weaning, infants switch from a milk diet to solid-food and start to 
be exposed to more complex carbohydrates. It is known that several species of the genus 
Bifidobacterium possess α-amylase and pullulanases required for the breakdown of starches. These 
include B. breve, which is common for infants, and also adult-type bifidobacteria, such as B. 
adolescentis.  In the diet of African children, cereal porridges are added at the age of 4.5 months as 
an additional food source. We hypothesised that bifidobacteria isolated from faeces of Kenyan infants 
possess a high ability to utilise starch derivatives and resistant starch. A total of 48 isolates of 
bifidobacteria (B. bifidum, B. breve, B. kashiwanohense, B. longum ssp. infantis, B. longum ssp. 
longum and B. pseudolongum) originating from faecal samples of African infants (breast feeding 
supplemented with cereal porridges) and European infants (breast fed), breast milk from Swiss 
mothers, and representative type strains from culture collections were investigated for their ability to 
grow on maltose, maltodextrins, RS3-resistant corn and potato starch, and resistant dextrin. Growth 
was evaluated on 96-well microtiter plates. Glucose was used as positive control to verify that the 
strains grew under given assay. The degradation of substrates was determined using gel permeation 
chromatography and high pressure anion exchange chromatography, and metabolites formed during
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growth were measured using HPLC. Additionally, starch degrading activity was tested using plate 
screening assay. All tested strains of B. bifidum (13), B. breve (9), and B. pseudolongum (12) were 
able to utilise maltose, maltodextrins, and resistant starches during growth and degraded the starch in 
the plate screening assay. B. kashiwanohense (4) and B. longum ssp. longum (4) did not metabolise 
resistant corn and potato starch, but were able to grow in presence of maltose and maltodextrin. 
Starch and dextrin utilisation were strain specific for B. longum ssp. infantis (3 positive, 3 negative). 
Growth was confirmed by the formation of acetate and lactate. Surprising was that the most of 
bifidobacterial strains were able to utilise starch derivatives and resistant starch. However, there was 
no difference between African and European isolates of bifidobacteria. Nevertheless, starch 
represents one of the most abundant carbohydrates in the human diet. There are strong indications 
that bifidobacteria adapted to the human gut environment thanks to their ability to utilise different 
complex carbohydrates not metabolised by the host. The ability to use starch and starch derived 
products adds to the competitiveness of bifidobacteria in the intestinal environment. 
 
P5 

Towards the development of a new mucosal norovirus vaccine  
 
Ana Lucia Carvalho1,3, Y. Smolders1, K. Overweg1, D.J. Allen2 and S.R. Carding1,3 

1Gut Health and Food Safety Programme, Institute of Food Research, 2Virus Reference Department, 
Microbiology Services, Public Health England and 3Norwich Medical School, The University of East 
Anglia, UK; ana.carvalho@ifr.ac.uk  
 
Norovirus is a leading cause of acute gastroenteritis responsible for high levels of morbidity, significant 
mortality in elderly population and with substantial healthcare costs associated. The virus persists in 
the environment and it is readily transmitted through the faecal-oral route. In the UK during 2014, there 
were 676-outbreaks of infection, 66% of which were laboratory confirmed. Protection against norovirus 
infection is severely constrained by the lack of suitable vaccines and in particular, that can induce 
protection at the major site of invasion, the gastrointestinal (GI) tract. Herein we describe the 
construction of a strain of the abundant human GI-tract commensal bacterium, Bacteroides ovatus 
(Bo) able to express and secrete the major norovirus capsid protein in a controlled manner. An 
expression cassette consisting of the Bo xylan operon promoter, a Bacteroides fragilis secretion signal 
and the norovirus capsid gene of a genogroup II and genotype 4 norovirus strain were successfully 
integrated into the xylanase operon of Bo. Expression and secretion of the norovirus capsid protein 
were assessed using quantitative RT-PCR and immunoblotting of conditioned cell media and cell 
lysates. Mice were used to assess the safety of recombinant Bo strains and the optimal dosing 
regimen for colonisation and clearance, and for xylan-mediated induction of virus capsid antigen 
production. The induction of mucosal immunity and production of virus-specific (IgA) antibodies will 
also be evaluated. If successful this work will provide a relatively cheap and effective vaccination 
protocol to protect against norovirus infections as well as contributing to establishing Bo as a vehicle 
for the controlled delivery of heterologous proteins to the lower GI tract. 
 
P6 

Mechanism of utilisation of mushroom prebiotics by bifidobacteria using 
proteomics  
 
J.Y. Zhao and Peter Chi Keung Cheung 
School of Life Sciences, The Chinese University of Hong Kong, Hong Kong; 
petercheung@cuhk.edu.hk 
 
Bifidobacteria are Gram-positive, heterofermentative, non-motile, non-spore forming rods. Nowadays, 
many research projects have demonstrated that bifidobacteria constitute a healthy and balanced 
microbiome in human guts and therefore have great economical importance as several strains have 
already extensively marketed as probiotics. Among the at least 160 common bacterial species, 
bifidobacteria are believed to have specific mechanism in the utilisation of carbohydrate, especially 
prebiotics as carbon source for survival. In our previous study, we have demonstrated that β-glucans 
obtained from different sources (barley, seaweed, bacteria, and mushroom) have different bifidogenic 
effect when incubated with pure cultures of B. longum sub. infantis, B. longum, and B. adolescentis for 
a 24-hour batch fermentation and different proportions of short-chain fatty acids (SCFAs) were 
produced as metabolites, shedding light to the specificity of prebiotics preference of bifidobacteria at a 
species level [1]. The present study adopted a proteomic approach to investigate the utilisation of 
mushroom β-glucan derived from the sclerotia of Pleurotus tuber-regium by B. longum sub. infantis
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and a corresponding catabolic pathway was proposed. Extraction and quantification of proteins from 
bifidobacterial cells treated with the prebiotics as well as two-dimensional gel electrophoresis and in-
gel digestion were done according to protocols previously published [2]. Mass spectrometric analysis 
of the peptide solutions from spots was carried out on a MALDI-TOF/TOF tandem mass spectrometer 
ABI 4700 proteomics analyser. The MS and MS/MS data were searched against Swiss-Prot database 
by Mascot search engine v1.9.05 using combined MS (peptide-mass-fingerprint approach) with 
MS/MS (DeNovo sequencing approach) analysis for protein identification. The identified proteins were 
assigned to various functional classes with the help of UniProt and confirmed by real time quantitative 
PCR. The mushroom β-glucan molecules in the medium are transported into the cell through ATP-
binding cassette (ABC) transport system and phosphotransferase system (PTS) proteins, followed by 
hydrolysis through the action of intracellular glucanase to glucose, which is subsequently incorporated 
into the central fermentative pathway ‘bifid shunt’. In conclusion, this study for the first time reveals the 
possible degradation pathway of β-glucans by B. infantis, which has implications for the potential use 
of these β-glucans as novel prebiotics in the development of synbiotic application. Further study 
involving transcriptome analysis of bifidobacterial prebiotic utilisation in an attempt to look beyond the 
level of prebiotic transporters and degradation enzymes will be conducted. References. 1. Zhao, J.Y. 
and Cheung, P.C.K., 2011. Journal of Agricultural and Food Chemistry 59: 5986; 2. Zhao, J. and 
Cheung, P.C.K., 2013. Journal of Agricultural and Food Chemistry 61: 4360. 
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Effects of Saccharomyces cerevisiae subspecies boulardii CNCM I-1079 
supplementation to newly received steers on haematology alterations following 
an immune challenge 
 
Eric Chevaux1, J.A. Carroll2, J.O. Buntyn3, N.C. Burdick Sanchez2, K. Barling1, S.E. Sieren3 and T.B. 
Schmidt3 
1Lallemand Animal Nutrition, 2Livestock Issues Research Unit, Agricultural Research Service, U.S. 
Department of Agriculture and 3Animal Science Department, University of Nebraska, USA; 
echevaux@lallemand.com 
 
An endotoxin challenge was conducted to evaluate the effects of active dry Saccharomyces cerevisiae 
subspecies boulardii CNCM I-1079 (SC; Lallemand, Inc.) on immunity in feedlot steers. Newly 
received steers (18 head; BW 265+22 kg) were randomly assigned to three groups: control (CON), no 
yeast; supplementation of SC at a rate of 0.5 g/head/day (0.5-SC); and supplementation of SC at a 
rate of 5.0 g/head/day (5.0-SC). Saccharomyces cerevisiae subspecies boulardii CNCM I-1079 was 
mixed 1:1 with a fine ground corn carrier and top-dressed for a period of 32 days. On day 27, steers 
(six steers from CON, 0.5-SC, and 5.0-SC) were fitted with indwelling rectal probes and jugular 
catheters and placed into individual stalls. On day 28, whole blood was collected at 2-h intervals from 
08:00 to 16:00 h (-2 to 8h) for haematology analysis. At 10:00 (0 h), steers were administered an i.v. 
bolus of E. coli-derived lipopolysaccharide (LPS, 0.5 µg/kg BW). Supplementation of SC affected 
haemoglobin, haematocrit, total white blood cells, and eosinophils concentrations. There was a 
tendency (p=0.09) for red blood cell concentrations to be decreased in 0.5-SC steers, compared to 
CON and 5.0-SC steers. Haemoglobin concentrations were decreased (p=0.02) in 5.0-SC steers, 
compared to CON steers (0.5-SC steers were intermediate). Haematocrit percentage and total white 
blood cells were decreased (p<0.03) in 0.5-SC steers, compared to CON steers (5.0-SC steers were 
intermediate). Concentrations of eosinophils were greater (p=0.01) in 5.0-SC steers, compared to 
CON and 0.5-SC steers. A treatment x time interaction (p<0.02) existed for neutrophils, lymphocytes, 
monocytes, and the neutrophil:lymphocyte ratio (N:L). Prior to (-2 to 0 h) and 24 h post-challenge, 
monocyte concentrations were less in 0.5-SC steers compared to CON and 5.0-SC steers. Neutrophil 
concentrations were less (p<0.001) for 0.5-SC steers prior to the LPS challenge, when compared to 
the CON and 5.0-SC steers, no difference was observed post-challenge between the groups (p>0.05). 
Post-challenge (8 h), lymphocyte concentrations were decreased in the 0.5-SC steers, compared to 
CON and 5.0-SC steers. The N:L was less (p=0.02) in 0.5-SC steers prior to the challenge, post-
challenge no difference between the groups was observed. These alterations to the haematology of 
steers supplemented for 27 days with SC suggest augmentation of the immune and metabolic 
response of steers when challenged with the endotoxin LPS. 
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New probiotic concept aiming at limiting horizontal transmission of bacterial 
infections in poultry  
 
Henrik Christensen1, L.L. Poulsen1, S. Jørgensen1 and M. Bisgaard2 
1Department of Veterinary Disease Biology, VetSchool, University of Copenhagen and 2Professor 
emeritus, Denmark; hech@sund.ku.dk 
 
A new probiotic concept (NPC) is under development aiming at reducing bacterial infections in poultry, 
and decrease the use of antibiotics and the zoonotic risk of poultry products. The concept is focusing 
on reducing disease caused avian pathogenic Escherichia coli (APEC), Enterococcus faecalis as well 
as the colonization and infection by extended spectrum beta-lactamase producing E. coli (ESBL). The 
concept can be applied at all levels of poultry production. The idea is to apply specifically defined and 
approved strain(s) of non-harmful bacteria in the hatcher as early as possible to prevent vertically 
infected chickens from spreading the infection to non-infected chickens. Added strain(s) of non-
harmful bacteria colonise non-infected chicks and limit the colonisation with potential pathogenic 
bacteria introduced by vertical transmission from the parents and subsequently spread horizontally in 
the hatcher. By using well characterised strains, the NPC concept differs from competitive exclusion. 
In addition, strains are applied directly in the hatcher at a time when chickens are uncolonised rather 
than to day old chickens as normally practised with competitive exclusion. Some 600 isolates of E. 
faecalis, E. coli and Lactobacillus spp. have been isolated from chickens. Candidate strains have been 
screened for virulence factors and antibiotic resistance, including whole genomics sequencing. The 
concept is presently being tested under experimental conditions in broilers and followed up to 2 weeks 
of age, including challenge with a virulent strain of E. coli. Detection of strain survival in chickens has 
been based on a specific CRISPR region. Four candidate strains representing E. faecalis, E. coli and 
Lactobacillus spp. have not been found to affect the health of broilers. In addition, strains tested 
increased weight gain compared to the untreated control. When all candidate strains have been tested 
in broilers under experimental conditions, the combination of strains will be tested in broiler production 
using the most promising strain(s).    
 
P9 

Lactic acid bacteria in honey and its use as medicine within historical and 
cultural contexts  

 
Rikard Edbertsson 
Department of Laboratory Medicine, Lund University, Sweden; edbertsson@gmail.com 
 
In 2005, researchers Tobias Olofsson and Alejandra Vásquez discovered a large amount of previously 
unknown lactic acid bacteria (LAB) that live in the honey-stomach in honey bees and as such has co-
evolved with the bees for millions of years [1]. Their research show that the LAB, 13 new and different 
species [2], possess anti-microbial properties [3] and resists human pathogens [4], which may be the 
answer to the potency associated with honey and honey products. The discovery also explains why 
honey has been used and is still being used as folk medicine and as a pharmaceutical in a large 
number of cultures. The knowledge about the LAB and its functions in honey could therefore be used 
as an analytical tool to study honeys significance around the world and in order to re-invent its place 
within a modern medical context. The aim of the project was to (i) create a knowledgebase on 
research of honey used in medicine, especially wound care, (ii) examine how stories, myths and 
symbols that surround honey affect communities, consumers and marketing, and (iii) analyse how 
attitudes to this knowledge differ between different cultures. The project started with a qualitative 
meta-analysis of 50 scientific articles within history and anthropology, whereby patterns, ideas and 
concepts were analysed and compiled. It will henceforth focus on case studies using ethnographic 
methods. The first analyses the LAB in honey as commodity associated with the following three 
processes: medicalisation, commercialisation and culturalisation. Honey has always been perceived 
as something beneficial and has been highly valued for its healing properties. The answer to this, in 
many cases, seems to be that people have had an intuitive knowledge about the proper preparation of 
honey (e.g., to reap it in right time, not to heat it, not using it right away and thus giving the LAB a 
chance to grow), which ignites its healing effects. In many cultures it is still the most important food 
and medicine, while in the West it has a position within the alternative medical sector and has come to 
be understood as something non-scientific. We therefore need ethnographic studies to find out how 
honey is perceived and treated cross-culturally. The projects results will be linked to ongoing research 
on LAB’s role and linked to the use of honey in wound care and health-promoting beverage.
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Lactobacillus gasseri strains antagonise Cronobacter sakazakii: in vitro 
studies 
 
Célia L.L.F. Ferreira1, J.F. Martins1 and M. Bonnet2 
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Cronobacter sakazakii is the causative agent of severe infections in new-borns, often occurring in the 
first year of life, due to the immaturity of the immune system of this age group. The increase in the 
microbial resistance to conventional antibiotic therapy is an aggravating factor for the infections 
caused by this and other pathogens. In this scenario, probiotics arise as an alternative to be used as 
adjunct agent for decreasing risk of infection and/or for therapeutic management if action against the 
pathogen is confirmed. Thus, the aim of this study was to evaluate the antagonism of seven strains of 
Lactobacillus gasseri upon eight strains of C. sakazakii, and to evaluate the susceptibility profile of the 
pathogen to 14 antibiotics mostly used in Neonate Intensive Care Units (NICUs) in Brazil.  The 
probiotic L. gasseri strains used in this study UFVCC (1083, 1091, 1099, 1103, 1105, 1108 and 1111) 
were isolated from stools of exclusively breast-fed Brazilian new-borns. C. sakazakii strains were FUN 
139, 140, 149, 154,  157; ATCC 0015; IAL 0138, 0139. Antagonism of the probiotic strains upon C. 
sakazakii was conducted with the spot and well diffusion assays. All combinations of L. gasseri and C. 
sakazakii strains were tested. Inhibition zones diameter (mm) were measured. Each of the pathogenic 
strains was tested against the 14 antibiotics. The seven probiotic strains inhibited the eight C. 
sakazakii strains differently with inhibition zones ranging from 3 mm (UFVCC 1105 against FUN 154) 
to 23 mm (UFVCC 1108 against FUN 149). Pathogenic strains were all resistant to cefalexin, 
cephalothin, ceftriaxone, oxacillin, penicillin G, suphamides, vancomycin, erythromycin, sensible to 
meropenem, and variable sensitive to amicacin, amoxicillin, ampicilin ciprofloxacin and gentamycin. 
This in vitro study constitutes a pioneer work in the sense that the probiotic strains evaluated were 
isolated from human neonates, and are being targeted to be used by this population age. However, 
clinical studies are necessary to determine the best probiotic strain combination, cell numbers to infer 
antagonism and physical format to suit the different situations for efficacy on the target user. Once 
probiotics have been considered surrogate colonisers impacting lifespan; more probiotic candidate 
isolates from this group age should be evaluated to fulfil this goal. 
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Diet supplemented with prebiotic product based on yacon (PBY) positively 
modulates constipation and protects intestinal epithelium morphology rats   
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Yacon (Smallanthus sonchifolius), a tuberous root originally grown in the Andes, is one of the richest 
sources of FOS and inulin in nature. Together, these nutrients amount to 10-14% of dry matter. 
Constipation, a condition characterised by polysymptomatic manifestations that may interfere with 
colonic and anorectal functions is increasingly becoming a morbidity of public health concern. The 
prevalence in the adult population ranges from 15 to 32%, however, it reaches every age group. This 
morbidity may be a consequence of intestinal dysbiosis. This imbalance causes a deficit in SCFA 
production, including butyrate, which appears to be connected to the motility of the intestinal mucosa.  
In this scenario, functional foods arise as alternative contributing to mitigate several chronic diseases, 
including constipation. PBY is a processed functional food originating from yacon. In this study, the 
effect of a diet supplemented with this prebiotic was evaluated in animals constipated with loperamide. 
Thirty-two Wistar rats were divided into four groups: control(C), constipated control (CC), PBY and 
constipated PBY (PBYC). The dosage corresponding to 0.14 g/kg FOS+inulin was tested for 28 days. 
To prepare the solution containing PBY, the weekly weight of rats was averaged out and the gram of



68  4th Beneficial Microbes Conference  
  16-18 March 2015, The Hague, the Netherlands   

bioactive compound per weight corrected to provide the animals with the required daily dose of FOS+ 
inulin. To achieve this, PBY was diluted in deionized water and administered to the animals. Moisture 
content of faeces and caecum weight were higher (p<0.05) in the groups that received PBY as well as 
the butyrate content having a trophic effect on the intestinal cells. Moisture weight of caeca of the 
PBYC group was twice as that of the CC group. Thus, mechanistically, it is suggested that an 
adequate production of butyrate stimulated mucosal hyperplasia increasing the wall thickness, 
generating a higher epithelial blood flow within the region and increasing intestinal motility. 
Additionally, stool moisture increased due to the greater absorption of water and salts. The 
supplementation with PBY counteracted the effect of constipation positively and kept the integrity of 
the caecum crypts. Although clinical human studies are necessary to corroborate such findings, PBY   
arises as a potential alternative to mitigate the undesirable effects of constipation with the ability to 
modulate positively the morbidity already installed.  
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Blood serum complex protein and antimicrobial tolerance of prevalent lactic 
acid bacteria strains isolated from human milk 
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Lactic acid bacteria (LAB) strains have been isolated from faeces of healthy neonate as well as from 
human milk (HM) samples. However, among the predominant LAB strains isolated from HM samples 
are those belonging to the genus Enterococcus. The aim of this study was to identify the predominant 
LAB in HM samples, to verify their resistance to blood serum complex and sensitivity to antimicrobials 
commonly used in neonatal intensive care units (NICUs) in Brazil. Fourteen healthy women donated 
milk samples from 5 (colostrum), 15 (transition), 30, 60 and 90 (and mature) days of delivery. The 
samples were plated anaerobically on MRS and Rogosa agar. From 153 Gram-positive isolates, 23 
met the safety criteria of being γ-haemolytic and gelatinase negative. These were further identified by 
sequence of the 16S rDNA gene. Eleven were identified as Enterococcus faecalis and 12 belonged to 
the genus Staphylococcus (S. epidermidis and S. lugdunensis). The enterococci were analysed for 
resistance to the blood serum protein complex after bacterial exposure (37 ºC/90 min) in active and 
thermally inactivated blood serum (56 ºC/20 min) using two control probiotic (Lactobacillus gasseri) 
and pathogen groups (S. aureus and Cronobacter sakazakii) to verify the possibility of differentiation 
between saprophyte and pathogen bacteria, and evaluated for sensitivity to 14 antibiotics carried out 
with the disc diffusion assay. Purportedly, such strains should not be sensitive to the complexed blood 
serum protein and the results corroborated that they were more resistant than the pathogens. The E. 
faecalis strains were resistant to amikacin, gentamicin, sulfonamides, and sensitive to amphicilin, 
penicillin, amoxicilin, cefalotriaxone, and merophenen. For erithromycin, vancomycin, oxacilin, 
ceftriaxone, ciprofloxacin and cephalexin results were variable. Although Enterococcus strains belong 
to the lists of probiotic strains in different countries and communities, care must be taken, mainly when 
the target group are children and aged population, because enterococci from different sources have 
been linked to a variety of morbidities. We undertook this research to build data for a better 
understanding of the phenotypic profile of the predominant endogenous strains present in HM as 
considered the first food line to culture the neonate intestinal tract. The study was approved by the 
Ethical Research Council in the Federal University of Viçosa – CEP/UFV with the position number 
663.168.  
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Immunomodulatory properties of selected bacterial probiotic strains 
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Institute of Microbiology of the Academy of Sciences of the Czech Republic, Czech Republic; 
petra.hermanova@biomed.cas.cz 
 
Probiotic bacteria, mainly Bifidobacterium and Lactobacillus genera, are non-invasive and non-
pathogenic Gram-positive bacteria possessing properties to stimulate the immune system. Mounting 
evidence shows that these properties are strictly species- and even strain-specific. Detailed in vitro 
characterisation is therefore imperative before assessing their beneficial effects in vivo. We assessed 
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the immunomodulatory properties of the potential probiotic strains B. animalis CCDM 218, B. animalis 
CCDM 366, B. adolescentis CCDM 368, B. adolescentis CCDM 373, L. rhamnosus LOCK 0900, L. 
rhamnosus LOCK 0908 and L. casei LOCK 0919 by co-cultivation with bone marrow-derived dendritic 
cells (BM-DC) and human monocyte cell line THP-1 and studied the involvement of pattern recognition 
receptors by human embryonic kidney cells (HEK) 293. In in vitro studies, we tested the effect of 
formalin-inactivated bacterial strains at concentrations of 107 and 108 cfu/ ml on murine BM-DC and 
human monocyte cell line THP-1. Cytokine levels (IL-8, IL-10, IL-12p70, TNF-α and TGF-β) were 
determined in culture supernatants by ELISA. We evaluated the influence of bacterial strains on HEK 
293 cells stably transfected with TLRs (specifically TLR2, TLR4) and NOD2. IL-8 cytokine was 
measured as an indicator of cell stimulation via specific receptor. Our findings showed that stimulation 
of BM-DC and THP-1 cells by B. animalis 366 led to significantly higher levels of IL-10. On the other 
hand, stimulation by B. adolescentis 373 led to a significantly higher level of IL-12p70. BM-DC 
activated by L. casei LOCK 0919 showed significantly higher levels of IL-10 and IL-12p70 compared to 
the other lactobacilli. We have found that the probiotic bacteria interact diffently with pattern 
recognition receptors. There was no observed stimulation by HEK 293/TLR4, but HEK 293/TLR2 and 
NOD2 play a role in the recognition of the bacteria studied. In conclusion, we have shown differences 
in cytokine production of dendritic cells and monocytes stimulated by selected Bifidobacterium and 
Lactobacillus bacteria. It seems that B. animalis 366 producing a high level of IL-10 is a suitable 
candidate for further in vivo studies in experimental models of human bowel diseases. 
Acknowledgements. Supported by grant CZ.3.22/2.1.00/13.03892. 
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rumen simulation system (RSS) fed with autolysed Saccharomyces cerevisiae 
compared to live Saccharomyces cerevisiae  
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The rumen microbiota is the mayor determinant of cattle productivity. An in vitro system allowing 
continuous fermentation in 12 independent reactors has been established to allow testing the impact 
of different feed additives on rumen fermentation performance under controlled conditions. This trial 
compares two different feed additives (autolysed and live yeast) for their influences on rumen 
fermentation parameters in vitro. Inoculum was transferred immediately after slaughtering from the 
abattoir to the 12 fermenters of the rumen simulation system. Concentrate feed and chopped hay was 
fed daily for 15 days and incubated under constant flow of synthetic saliva at 39 °C. The test 
substances autolysed yeast (equivalent 30 g/cow/day; Levabon® Rumen E, Biomin, Austria) and live 
Saccharomyces cerevisiae (equivalent 0.5 and 4 g/cow/day) were added daily together with the feed, 
pH and redox potential were recorded online. Samples of fermentation broth were used to determine 
the concentrations of SCFAs. Differential weighing was used to determine the dry matter 
disappearance. Liquid and solid digesta were collected from each reactor. 8 different time points 
during the 15-day continuous fermentation were analysed for diversity with PCR-DGGE, qPCR of 
fibrolytic rumen bacteria, SCFAs with HPLC, bacterial count with flow cytometer, pH value, redox 
potential and dry-matter disappearance. For live yeast supplementation, a trend towards lower pH 
values was observed, albeit not significant. The total bacterial counts tended to be elevated following 
the supplementation of autolysed yeast whereas live yeast in both dosages maintained bacterial 
counts at the same levels of control. Acetate and propionate production was similarly elevated in 
autolysed yeast and high dose live yeast. Low dose live yeast supplementation led to an elevated 
acetate/propionate ratio in spite of SCFA levels lower than control. Autolysed yeast and live yeast 
showed remarkable differences in their effects on microbial diversity as assessed with DGGE 
fingerprinting. Reactors fed with autolysed yeast had higher levels of fibrolytic rumen bacteria. The 
buffer capacity of the artificial saliva kept the pH value of the reactors high, around 6.8; further work is 
required for a more realistic rumen simulation. From the current setup, no knowledge can be gained 
concerning the potential differences of autolysed yeast and live yeast in their effects in SARA (sub-
acute rumen acidosis) and acidosis. In conclusion, positive effects of autolysed yeast compared to live 
yeast have been observed in stabilising the fermentation processes concerning in vitro rumen acidity. 
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Choice of Bifidobacterium longum strains affects the development of DSS-
induced colitis in mice  
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Inflammatory bowel diseases (IBD), ulcerative colitis and Crohn's disease are major inflammatory 
syndromes that affect millions of patients. We compared two Bifidobacterium longum ssp. longum 
strains for their capacity to prevent experimental colitis in a mouse model. Immunomodulatory 
properties of nine bifidobacteria, isolated from the stool of healthy children, were evaluated by 
stimulation of splenocytes derived from naive Balb/c mice. Spleen cells were stimulated with formalin-
inactivated B. longum CCM 7952 and CCDM 372. Levels of IFN-γ, TNF-α, IL-6 and IL-10 were 
determined in cell supernatants by the Milliplex. B. longum CCM 7952 and CCDM 372 were further 
characterised using bone marrow-derived dendritic cell, HEK293/TLR2 or HEK293/NOD2 cells. Mouse 
model of dextran sulfate sodium (DSS)-induced colitis was used to compare their beneficial effects in 
vivo. We have found that production of pro- and anti-inflammatory cytokines in spleen and dendritic 
cell cultures was higher after stimulation by B. longum 372 compared to B. longum 7952. Both strains 
engaged TLR2, but only B. longum 372 contained ligands for NOD2. Mice treated with B. longum 
7952, in the DSS model, were prevented from appearance of clinical symptoms, preserved expression 
of tight junction proteins and improved intestinal barrier function compared to mice administrated with 
B. longum 372. In conclusion, we have shown that B. longum 7952 but not B. longum 372 is able to 
protect mice from the development of experimental colitis induced by DSS. Some immunomodulatory 
properties might be widespread among the genus Bifidobacterium, others may be characteristic only 
for a specific strain. Therefore, careful selection might be crucial in providing beneficial outcome in 
future clinical trials with probiotics in IBD. Acknowledgements. Supported by grants 
CZ.3.22/2.1.00/13.03892 and P303-12-0535 of the Czech Science Foundation.  
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Integrated pipeline approach for screening and substantiation of ingredients 
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Current options for the identification and validation of leads that can deliver gut health benefits are 
expensive, time-consuming, not well aligned and the predictive power is poorly established. The 
PEARL consortium aims to develop integrated pipelines of preclinical models and early stage ‘proof of 
concept’ (PoC) clinical trials to more successfully identify and develop functional ingredients. Starting 
point are clearly defined physiological functions that may be enhanced by diet. The current feasibility 
phase focuses on the development and testing of a pipeline for resistance against pathogens. As it is 
very difficult to demonstrate effects of diet in healthy subjects during steady state conditions, testing 
effects on resilience to defined challenges may be a more sensitive and relevant approach. An 
inventory was made of human (infection) challenge models and their feasibility for testing diet effects. 
For a few selected human PoC models, an outline of the complete pipeline was developed, aiming at 
a minimal set of assays with maximal predictive value. The human models considered most feasible 
and relevant are the enterotoxic E. coli (ETEC) challenge for bacterial intestinal infection, rhinovirus 
(common cold) for viral respiratory infection and vaccination (various options) for immunomodulation. 
Although these models have already been successfully applied, more detailed mechanistic 
characterisation will allow better selection of the upstream in vitro models. The core preclinical pipeline 
will consist of in vitro tests that assess fairly generic mechanisms (e.g., enhancing barrier function, 
stimulation of innate immune response, modulation of (adaptive) immune responsiveness), with or 
without a challenge with a specific pathogen. Benchmark ingredients were selected, with known 
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effects in in vivo studies, to aid the interpretation of outcomes of the different in vitro test systems in 
the pipeline. A first set of benchmark ingredients was run with a selection of relevant in vitro assays. In 
the next phase of this project, the selected human models will be characterised in more detail to 
develop an even more dedicated set of in vitro assays with higher predictive value. A database is 
compiled capturing the relevant metadata and key outcomes of the in vitro tests with the initial bench 
mark samples. This database will serve as central depository for future data generated in these 
assays to facilitate comparison over time. The ultimate aim is that this validated pipeline will function 
as a true health claim accelerator. 
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Microengineered human gut-on-a-chip for dissecting intestinal inflammatory 
disease  
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Human intestinal inflammatory diseases such as inflammatory bowel disease (IBD) involve debilitating 
inflammation and mucosal injury caused by complex interactions between gut microbes, intestinal 
mucosa, immune components, and environmental factors such as peristalsis-like mechanical 
deformations. However, it has not been possible to precisely define how these interacting factors 
contribute to the disease development or to responses to clinical therapies because human-relevant 
experimental models that can independently and collectively control these factors do not exist. We 
previously developed a biomimetic human ‘gut-on-a-chip’ microdevice lined by intestinal villi that 
mimics the structure and function of living intestine. The physiological microenvironment was 
recreated by flowing fluid and exerting mechanical cyclic deformations that emulate peristalsis. We 
used this miniaturised model to independently vary potential contributors to human intestinal 
inflammation and epithelial injury by positioning gut microbes in the lumen side and immune cells in 
the capillary side, respectively. We found that pathological destruction of intestinal villi was resulted 
when the villi were challenged to both lipopolysaccharide (LPS) and peripheral blood mononuclear 
cells (PBMC) simultaneously, but not when LPS or PBMC was added alone. These intestinal injuries 
induced secretion of four proinflammatory cytokines that were necessary and sufficient to induce villus 
injury, which were suppressed by co-administering probiotic or antibiotic therapy. Our results can lead 
to the development of a humanised in vitro disease model that faithfully mimics human intestinal 
pathophysiology observed in IBD patients, which can be used to dissect disease mechanisms and 
determine the efficacy of new drugs.  
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Probiotic effect of Lactobacillus mixture colonisation on allergic sensitization 
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Lactobacilli have been recognised as potential health promoting bacteria and seem to be a promising 
tool in allergy prevention. Among the inhalant allergens, pollen of the white birch is one of the most 
important sources responsible for eliciting allergic symptoms. Recently, we have selected three 
lactobacilli strains L. rhamnosus LOCK0900, L. rhamnosus LOCK0908 and L. casei LOCK0919 
showing synergistic effects in induction of anti-allergic Th1-type cytokines and regulatory cytokine 
responses. Based on these observed effects, the aims of this study were to further characterise the 
immunomodulatory properties of individual lactobacilli strains L. rhamnosus LOCK0900, L. rhamnosus 
LOCK0908 and L. casei LOCK0919 as well as their mixture (Lmix) in vitro, and to investigate the 
effect of Lmix on the development of allergic sensitisation to birch allergen Bet v 1 in a gnotobiotic 
mouse model. We determined the effect of single Lactobacillus strains and Lmix on cytokine 
responses on bone marrow-derived dendritic cells (BM-DC). Furthermore, signalling pathways 
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involved in the recognition of single Lactobacillus as well as Lmix were investigated in vitro using 
HEK293 cell line stably infected with TLR2, TLR4, NOD2. Germ-free (GF) mice were colonised with 
Lmix and one month later, colonised mice and age-matched GF controls were repeatedly immunised 
with Bet v 1. Allergen-specific antibody levels (IgE, IgG1, IgG2a, IgA) and TGF-beta were determined 
in sera. Th1/Th2 cytokines were evaluated in supernatants of spleen and mesenteric lymph node cell 
cultures by ELISA. In conclusion, colonisation of GF mice with Lmix improved intestinal barrier by 
strengthening the apical junctional complexes of enterocytes and by restoring the structure of 
microfilaments extending into the terminal web. Mice colonised with Lmix and sensitised to Bet v 1 
allergen showed significantly lower levels of allergen-specific IgE, IgG1, IgG2a and elevated levels of 
total IgA as well as increased levels of TGF-beta compared to sensitised GF mice. Production of pro-
allergic cytokines IL-4 and IL-5 by splenocytes and MLN cells was reduced in Lmix-colonised mice. 
Acknowledgements. Supported by grant CZ.3.22/2.1.00/13.03892 and by grant NR12-0101-10/2011 
of the Republic of Poland.  
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Honey bees, Apis mellifera are the most important pollinating insect worldwide. Hence, apiculture has 
a great economic impact on insect pollinated crops throughout the world, and the health status of 
honey bees has become an important concern in many countries. In this study, we focus on the role of 
the honey bee lactic acid bacteria (LAB) symbionts in defence against the honey bee Apis mellifera 
pathogens Paenibacillus larvae causing American foulbrood (AFB), and Melissococcus plutonius, the 
causative agent of European foulbrood (EFB). A large amount of different proteins are being produced 
when the LAB symbionts encounter honey bee pathogens. By proteomics we have identified more 
than 50 putative antimicrobial proteins produced by the LAB species that need to be expressed to 
understand their function for honey bee health. We hypothesise that the LAB symbionts act as a 
natural barrier against pathogens in honey bees. The production of antimicrobial substances upon 
exposure of the LAB symbionts to P. larvae and M. plutonius will be tested further. The colony level 
interaction between the LAB microbiota and these honey bee pathogens will be investigated in the 
field, and a formula based on the honey bee LAB bacteria and their metabolites will be evaluated for 
long term impact on prevalence of these honey bee pathogens. 
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The prebiotic concept targets the selective dietary modulation of the gut microbiota composition and 
its activity that are positively associated with host health and well-being. Intake of prebiotic fibres, such 
as chicory-derived inulin, leads to a shift to more saccharolytic fermentation. Saccharolytic 
fermentation generates in particular short-chain fatty acids (SCFA) and is considered as more 
beneficial compared to proteolytic fermentation. This has been demonstrated by various in vitro and in 
vivo studies. This is the first study that evaluates the modulation of bacterial fermentation induced by 
inulin intake in healthy subjects using a metabolomics approach. The study was carried out as a 
randomised, placebo controlled, cross-over trial. All subjects (n=51; age between 21 to 73 years) 
started with a run-in period for 2 weeks (12 g maltodextrin per day), followed by a 4 week intervention 
phase (12 g maltodextrin or 12 g Orafti® Inulin per day). After a wash-out period (2 weeks), subjects 
again were submitted to a run-in period, followed by a second intervention phase. Subjects collected 4 
times a faecal sample during the last 7 days of both run-in periods and both intervention phases, 
respectively. Volatile organic compounds (VOC) of the faecal samples were analysed using a GC-MS 
based approach and multivariate statistical analysis was performed. In total, 361 different VOCs have 
been identified and relatively quantified of which 30 VOCs were present in all samples. Overall, intake 
of inulin induced a clear shift in the colonic fermentation towards a more saccharolytic profile even
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though no complete separation was obtained. This shift was mainly apparent from the changes in 
SCFA and many aldehydes after inulin intake. In particular, the aldehydes dodecanal and decanal 
have been identified as discriminators between faecal samples obtained after inulin intake and 
samples obtained after the other study periods. In conclusion, this metabolomics approach in healthy 
subjects revealed that consumption of Orafti® Inulin clearly induces a more pronounced saccharolytic 
fermentation in the colon and thus could contribute to a more beneficial colonic environment for the 
host.   
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It is established that the intestinal microbiota impacts metabolic parameters in adults [1] and recent 
studies suggest that it also plays an important role in shaping juvenile's metabolism [2]. Indeed, 
disruption of intestinal microbiota homeostasis during early life stages in the context of severe acute 
undernutrition has immediate effects on juvenile's weight growth dynamics, triggering wasting (weight 
loss). Yet, next to the weight gain, longitudinal growth (i.e., gain in size) is the other major trait of 
juvenile growth, which is influenced by the somatotropic (growth hormone/insuline-like growth factor-1, 
GH/IGF-1) axis [3]. The contribution of the intestinal microbiota to this physiological parameter is still 
unknown in mammals. We investigated the role of microbiota in the systemic growth of juvenile male 
BALB/c mice weaned on low-protein/low-fat diet. Upon nutritional challenge germ-free (GF) mice fail to 
grow, whereas conventional (CV) mice continued to grow, although to a lesser extent compared to CV 
mice fed the normal diet. Previously, using a gnotobiotic Drosophila model we showed Lactobacillus 
plantarum is able to promote juvenile growth in a strain dependent manner. Upon monoassociation of 
GF mice we showed that strain of L. plantarum previously qualified for their growth promoting ability in 
the Drosophila system is able to mimic the growth promoting effect of a complete microbiota in mice. 
This was confirmed by the levels of IGF-1 in sera and by increase in GH downstream signalling 
pathway - increased transcription of Suppressor of cytokine signalling 3 (SOCS3) and increased levels 
of phospho-AKT in liver. Our results demonstrate the importance of the host intestinal microbial 
environment in shaping postnatal growth and the potential of lactobacilli strains to buffer the adverse 
effects of chronic malnutrition on juvenile growth. References. 1. Tremaroli, V. and Bäckhed, F., 2012. 
Nature 489: 242. 2. Tilg, H. and Moschen, A.R., 2013. Nature Reviews Gastroenterology & 
Hepatology 10: 261. 3. Butler, A.A. and Le Roith, D., 2001. Annual Review of Physiology 63: 141. 
 
P22 

The role of microbial recognition by the immune system in tooth decay 
 
Áurea Simón-Soro1, A. Camelo1, A. Lasa1, M. Guillén1, S. Culshaw2 and A. Mira1 

1Department of Health and Genomics, Center for Advanced Research in Public Health, FISABIO 
Foundation, Spain and 2Dental School, University of Glasgow, UK; simon.aurea@gmail.com 
 
More than one-third of human-associated microorganisms have not been cultured to date, hampering 
research to study microbiome-human interactions, such as determining the specificity of bacterial and 
fungal species to different antibodies. We have combined the use of flow cytometry and 
pyrosequencing to describe the microbial composition of saliva samples from adult individuals (20-45 
years old) and its interaction with the immune system by using fluorescent markers that are specific for 
different immunoglobulins. Proper fluorescent marking was assessed by fluorescence and confocal 
laser scanning microscopy. Anti-mouse Igs were used to control for non-specific binding. By the use of 
fluorescence-activated cell sorting (FACS), bacterial cells were separated depending on whether they 
were coated with any of the three most frequent antibodies in saliva (IgA, IgG and IgM). The DNA of 
each bacterial population was extracted, PCR-amplified and pyrosequenced, characterising the 
microorganisms that are ignored and those recognized by these immunoglobulins. The proportion of 
bacteria coated with IgA, IgG or IgM measured at four time points during a 24 h period was 60.4% in 
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caries-bearing subjects (>2 active cavities at the moment of sampling) and 83.6% for caries-free 
individuals (n=10 in both groups). In caries-free individuals, there was a larger number of bacterial 
species in the recognised, Ig-coated fraction compared to the non-coated fraction whereas no 
difference was observed for diseased individuals. The frequency of many bacterial genera in the Ig-
opsonised and non-opsonised fractions was different, suggesting a particular affinity of the antibodies 
for some microorganisms. Although the Ig-coating taxonomic profile was variable among individuals, 
several patterns emerge. For instance, at 24 h of oral biofilm formation, the frequency of Ig-coated 
Streptococcus and Porphyromonas cells was significantly higher in healthy individuals. Other bacteria, 
such as Leptotrichia spp., which were mostly Ig-coated in diseased patients, were either ignored by 
the immune system or equally present in both fractions of healthy individuals. The application of the 
technique to healthy and caries-bearing individuals unravels a major contribution of the immune 
response to the disease, because tooth surfaces are inert and therefore constitute the only niche in 
the oral cavity without a mucosal immune system. Overall, the data suggest that the immune system is 
more competent in caries-free individuals, suggesting that it has a crucial effect in generating the 
disease. This methodological approach could be applied to determine the contribution of the immune 
system to microbial dysbiosis in other diseases. 
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applications ranging from protein production to therapeutic probiotics 
 
Danielle Trappenburg1, W. Alkema2 and I. Mierau3 
1NIZO food research, 2Department of Processing and Safety and 3Department of Health, NIZO food 
research, the Netherlands; danielle.trappenburg@nizo.com 
 
Lactococcus lactis is one of the best studied bacteria. After its isolation more than 100 years ago, it 
first received attention as dairy bacterium because of its importance in cheese and butter 
fermentations. Following the development of genetic engineering, it quickly became the paradigm 
lactic acid bacterium. Today the genomes of 14 different strains of the genus L. lactis are elucidated 
and prototype genome-based complete metabolic models are developed. The development of the 
nisin controlled gene expression (NICE) system about 20 years ago greatly facilitated progress in 
many areas of research not only in Lactococcus itself, but also in all other lactic acid bacteria. The 
NICE system is a straightforward, easy to use system (plug-and-play genetic toolbox) for strictly 
controlled expression of homologous and heterologous genes. The advantages of L. lactis as gene 
expression system over, e.g., E. coli are that it is food grade (including the selection marker), does not 
produce endotoxins or inclusion bodies, it has very low protease activity, does not sporulate and it has 
only one membrane. At present, the NICE system is quickly growing into an important tool for 
expressing and studying prokaryotic and eukaryotic membrane proteins. Furthermore, the NICE 
system is growing beyond its initial role as a research tool and is used for the development of oral and 
live vaccines and for the expression of human bioactive peptides such as interleukins and growth 
factors for the development of therapeutic probiotics. 
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Pesticides are a health risk to humans and wildlife due to their bioaccumulation and common use. 
Lactobacillus, a genus of commensal probiotic bacteria, can degrade certain pesticides. Thus, 
Lactobacillus-fermented foods may be an affordable prophylactic for preventing chronic pesticide 
exposure associated with consumption of contaminated food and water. We hypothesised that strains 
of lactobacilli can reduce the bioaccumulation of pesticides by direct and host-induced metabolism. All 
lactobacilli grew unimpaired at low concentrations of parathion (organophosphate), chlorpyrifos 
(organophosphate), and imidacloprid (neonicotinoid). However, high pesticide concentrations (1 
mg/ml) significantly inhibited the growth of certain lactobacilli. Lactobacilli pesticide metabolism of 
parathion and imidacloprid, were determined following 24 h co-incubations by gas or liquid 
chromatography mass spectrometry analysis of the culture matrices. Lactobacillus fermentum ATCC
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11739 was shown to significantly reduce amino-parathion and parathion from solution, but none of the 
Lactobacillus strains degraded imidacloprid. We used qPCR to determine the expression of 
Lactobacillus rhamnosus GG’s php gene, a predicted organophosphate hydrolase. L. rhamnosus GG 
displayed high basal php expression that was not induced following either 1 or 3 h exposures to 0.1 
mg/ml of chlorpyrifos or parathion. Alternatively, to assess the effect of lactobacilli on host xenobiotic 
metabolism of pesticides, we used Caco-2 and Huh7 cells, as they are gold standards for studies of 
intestinal and liver pharmacology, respectively. qPCR was also used to assess the gene expression of 
various xenobiotic metabolising enzymes in both Caco-2 and Huh7 cells following exposure to 
pesticides and lactobacilli or lactobacilli-conditioned media. Certain live lactobacilli were able to 
significantly upregulate important pesticide-metabolising enzymes cytochrome P450 1A1 (CYP1A1) 
and glutathione synthetase in Caco-2 cells. The activity of CYP1A1 activity was assessed by a 
selective fluorescent 7-ethoxyresorufin pro-drug assay in Caco-2 and Huh7 cells. Importantly, unlike 
chlorpyrifos and parathion, media conditioned by L. rhamnosus GG and other Lactobacillus strains did 
not significantly inhibit CYP1A1 activity. Since certain strains of Lactobacillus are more resistant to 
pesticide toxicity than others, it is likely that genetic mechanisms explain these phenotypes. We have 
shown that certain lactobacilli can upregulate the expression of host xenobiotic-metabolising enzymes, 
such as CYP1A1, which are relevant to pesticide detoxification. Current experiments in animals are 
determining if the usage of probiotic lactobacilli may prevent bioaccumulation of environmental toxins 
in humans. This work has implications for humans and wildlife such as fish and honeybees. 
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The human gastrointestinal tract (GIT) microbiome presents a dense and complex microbial biomass. 
Disruption to the microbiome can disturb GIT homeostasis and in turn affect end-organ physiology 
(e.g., liver). Dysregulation of pro-inflammatory activity in the GIT may increase intestinal 
permeability/dysbiosis increasing the risk of liver diseases such as non-alcoholic fatty liver disease 
(NAFLD). Inflammation and disruption of the normal mechanisms for synthesis, transport and removal 
of fatty acids (LCFA) [1] and triglycerides (TG) [2] underpins the basic mechanism for the development 
of NAFLD [3,4]. Certain probiotic species have been reported to improve low level inflammation in the 
GIT and metabolic syndrome associated markers. We have investigated a multistrain probiotic 
preparation containing a combination of probiotic strains including bifidobacteria/lactobacilli/ 
Streptococcus species in a mouse model of high fat diet/obesity induced liver steatosis. Three groups 
of C57B1/6J mice fed either a standard chow or high fat diet (HFD) for 20 weeks and a third group fed 
a HFD for 10 weeks and then administered probiotics for a further 10 weeks. At sacrifice all animals 
were weighed and serum/liver/large bowel samples collected for analysis. A multistrain probiotic 
administered with a HFD significantly maintained tight junction protein ZO-1 (0.24±0.04 vs. 0.01±0.01) 
and ZO-2 (0.44±0.12 vs. 0.17±0.08) expression compared to the HFD group only. However, probiotics 
were unable to restore ZO-1 or ZO-2 expression to levels seen in chow fed mice (0.38±0.08 and 
0.81±0.19, respectively). Final body mass (33.6 g ± 1.91 [chow] vs. 46.5 g ± 4.07 [HFD-probiotics] and 
45.5g ± 4.75 [HFD+probiotics]; p<0.001) was significantly increased with the high fat diet ± probiotics 
compared to chow controls as were liver (1.72 g ± 0.33, 2.40 g ± 0.74, 2.73 g ± 1.2; p<0.05) and fat 
pad mass (0.90±0.33, 2.60±0.47 and 2.14±0.56; p<0.01), respectively. Compared to chow fed mice, 
HFD ± probiotics elevated hepatic triglycerides (p<0.001), serum glucose (p<0.05), cholesterol 
(p<0.01), alanine transaminase (p<0.001) and aspartate aminotransferase (p<005) while reducing 
serum triglycerides (p<0.05). In conclusion, the reduced progression of HFD-induced steatosis by the 
administration of a multistrain probiotic formulation further supports the posit that probiotics may assist 
with lipid disposal from a HFD by reducing the accumulation of fat deposits in the liver consistent with 
reduced steatosis. References. 1. Bradbury, M.W. and Berk, P.D., 2004. Clinical Liver Disease 8: 
639. 2. Ka, L.A. et al., 2009. American Journal of Clinical Nutrition 89: 1760. 3. Lim, J.S. et al., 2010. 
Nature Reviews Gastroenterology & Hepatology 7: 251. 4. Macdonald, G.A. and Powell, L.A., 1998. 
Gastroenterology 114: 842. 
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Frequent uptake of specific antibiotics (AB), such as metronidazole, has been found to be a risk factor 
for the development of IBD. However, the pathophysiological mechanisms are still into uncharted 
territory. As the treatment with specific AB was reported to result in strongly increased proteolytic 
activity (PA) of pancreatic proteases in the large intestine, we hypothesised that these proteases may 
impair barrier function and thereby promote dysregulated immune responses in the large intestine. 
Our aim is to reveal potential adverse effects of AB-increased PA on the large intestinal barrier and 
the development of IBD. In addition, we aim to identify bacterial species that mediate the physiological 
inactivation of digestive proteases in the large intestine. We analysed the presence and activity of 
serine proteases and the composition of the microbiota in caecal contents of untreated, AB-treated 
and germ-free (GF), wildtype (WT) and TNFdeltaARE/+ (ARE) mice via protease assays, LC-MS/MS 
analysis and 16S rRNA sequencing. Barrier function (TER, FTC permeability) was measured using 
PTK6 cells in transwell assays and large intestinal tissue in Ussing chamber assays. 
Vancomycin/metronidazole (V/M) and ampicillin (Amp) resulted in major but highly different shifts in 
the caecal microbiota. Interestingly, V/M treatment only resulted in substantially increased caecal PA, 
comparable to the high level observed in GF mice, whereas Amp did not. Trypsin and chymotrypsin-
like elastase were strongly increased by V/M, indicating that V/M eradicates the bacteria that are 
responsible for the inactivation of digestive protease. In contrast to caecal supernatants (CS) from 
normal mice, CS from V/M-treated mice significantly impaired barrier function in PTK6 cells and large 
intestinal tissue. Interestingly, V/M-increased PA was not associated with an acute aggravation of mild 
caecal inflammation, however, caecal inflammation strongly increased after discontinuation of the AB-
treatment. The present findings suggest that specific AB may damage the large intestinal epithelial 
barrier by eliminating the bacteria that normally inactivate pancreatic proteases. The AB-increased PA 
may be a factor that promotes the development of intestinal inflammation in the long run. It will be 
highly interesting to identify the bacterial species that play an important role for the inactivation of 
digestive proteases. 


