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WELCOME
The 7th Beneficial Microbes Conference will provide an overview of the latest scientific results and
future developments related to pre- and probiotics and their importance to human and animal health
across the lifespan.
Conference topics include:
•
•
•

•

The impact of pre- and probiotics on the gut microbiome, the microbiome beyond the gut, the
microbiota-gut-brain axis, and more, such as the potential health benefits of postbiotics.
The importance but also shortcomings of investigating and unravelling pre- and probiotic effects
at the molecular level will be discussed in a dedicated joint ILSI Europe Task Force session.
Special attention will be paid to the emerging research area of the mycobiome and the virome.
Most research on the human microbiome in healthy and diseased states has focused on the
bacterial component, but the mycobiome and the virome are beginning to gain recognition as a
fundamental part of our microbiome.
The conference also presents a new creative format: Pre- and probiotic research in humans
and animals – ‘THE BATTLE’. How to look at pre- and probiotic research from different
perspectives? In a dedicated session, specific topics will be presented and discussed from both
a human and an animal perspective. By crossing the line between research on pre- and
probiotics in health and disease of humans and animals, we can learn from each other and get
an understanding of the differences and/or similarities.

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 wish you an active and fruitful meeting!
On behalf of the Advisory Committee,
Prof. Koen Venema

ADVISORY COMMITTEE
Prof. Koen Venema
conference chair

Beneficial Microbes Consultancy and University of
Maastricht, the Netherlands

Dr Frédérique Chaucheyras-Durand
Dr Chieh Jason Chou
Prof. Richard Ducatelle
Dr Emily B. Hollister
Dr Marjorie Koenen
Dr Thomas D. Leser
Dr Jiro Nakayama
Dr Arthur Ouwehand
Dr Gregor Reid
Dr Guus Roeselers
Prof. Henk Schols
Dr Karen Scott

Lallemand, France
Nestlé Institute of Health Sciences, Switzerland
Ghent University, Belgium
Diversigen, USA
consultant, the Netherlands
Chr. Hansen, Denmark
Kyushu University, Japan
DuPont Nutrition & Health, Finland
University of Western Ontario, Canada
Nutricia Research, the Netherlands
Wageningen University & Research, the Netherlands
University of Aberdeen, UK
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PROGRAMME AT A GLANCE
MONDAY 26 NOVEMBER 2018
13:00

Opening of the 7th Beneficial Microbes Conference

13:10 – 14:00

Plenary meeting
The potential role of the mycobiome and archaeome in health and disease

14:00 – 15:45

Plenary meeting
‘The battle’: Pre- and probiotic research in humans and animals

15:45 – 16:15

Networking break & poster viewing

16:15 – 17:15

Plenary meeting (continued)
‘The battle’: Pre- and probiotic research in humans and animals

17:15 – 17:45

Speed presentations
Short presentations by selected poster presenters

17:45 – 18:45

Poster viewing & drinks

TUESDAY 27 NOVEMBER 2018
08:45 – 10:30

Session 1
The role of pre- and probiotics in
health: the potential, the difficulties and
the caveats

10:30 – 11:00
11:00 – 12:30

Networking break & poster viewing
Session 3
Pre- and probiotics in health and
disease: what further?

12:30 – 13:30
13:30 – 15:45

Session 2
Pre- and probiotics, animals,
and animal models

Session 2 (continued)
Pre- and probiotics, animals,
and animal models

Lunchbreak & poster viewing
Session 4
Pre- and probiotics, modulation
of gut microbiota, and more

Session 5
Recent advances in methods
and models for beneficial microbes

15:45 – 16:15

Networking break & poster viewing

16:15 – 18:00

Plenary meeting
Postbiotics – what else?

18:00 – 19:00

Informal get-together & poster viewing

WEDNESDAY 28 NOVEMBER 2018
08:30 – 10:35

Plenary meeting
Probiotic modulation of the microbiota-gut-brain axis

10:35 – 11:00

Networking break & poster viewing

11:00 – 12:45

Final plenary meeting
Addressing the potential of the mycobiome and the virome

12:45 – 13:00

Top five lessons learned

13:00

Closing of the 7th Beneficial Microbes Conference
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CONFERENCE PROGRAMME
MONDAY 26 NOVEMBER 2018
13:00

Opening of the 7th Beneficial Microbes Conference
Prof. Koen Venema – conference chair

PLENARY MEETING
THE POTENTIAL ROLE OF THE MYCOBIOME AND ARCHAEOME IN HEALTH AND DISEASE
Chair: Prof. Koen Venema, Maastricht University, the Netherlands
13:10

The gut mycobiome: why bother about 0.1%?
Dr René van den Wijngaard, Department of Gastroenterology, Academic Medical Centre, the
Netherlands

13:35

Archaea, neglected components of the human microbiome
Prof. Christine Moissl-Eichinger, Department of Internal Medicine, Medical University of Graz,
Austria

PLENARY MEETING
‘THE BATTLE’: PRE- AND PROBIOTIC RESEARCH IN HUMANS AND ANIMALS
How to look at pre- and probiotic research from different perspectives? In this plenary meeting, some
specific topics will be discussed from both a human and an animal perspective. By crossing the line
between research on pre- and probiotics in health and disease of humans and animals, we can learn
from each other and get an understanding of the differences and/or similarities.
Chairs: Prof. Koen Venema, Maastricht University, the Netherlands
Dr Arthur Ouwehand, DuPont Nutrition & Health, Finland
14:00
•
•

Probiotics and gut microbiota – weight loss or weight gain friendly?
Probiotics for weight management, are we there yet?
Dr Chieh Jason Chou, Nutrient Metabolism and Digestion, Nestlé Institute of Health Sciences,
Switzerland
Microbiota manipulation to improve gut health and weight gain in production animals
Dr Ivan Rychlík, Department of Immunology, Veterinary Research Institute, Czech Republic

14:40

Q&A

14:50
•

Filling the fibre gap: implications for human and animal health
A deeper look at fibre and the human microbiome
Prof. Tim Spector, Department of Twin Research and Genetic Epidemiology, King’s College
London, UK
Fibre, the underrated nutrient in animal feed formulation
Prof. Richard Ducatelle, Department of Pathology, Bacteriology and Poultry Diseases, Ghent
University, Belgium

•

15:30

Q&A

15:45

Networking break & poster viewing

16:15
•

Lactobacilli: friend or foe?
Lactobacilli: friend or foe?
Prof. Eric Claassen, Athena Institute, VU Amsterdam, the Netherlands
Are lactobacilli the panacea alternative to the use of antimicrobials in livestock diets?
Dr Tim McAllister, Lethbridge Research and Development Centre, Agriculture and Agri-Food
Canada, Canada

•

17:00
4
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MONDAY 26 NOVEMBER 2018
PLENARY MEETING
SPEED PRESENTATIONS
Short presentations (6-minutes) by selected poster presenters to provide an overview of their research
and inspire the audience to visit their posters.
17:15 – 17:45
Chair: Prof. Henk Schols, Wageningen University & Research, the Netherlands
(P refers to the number of the poster.)
•

P5: Trans-cinnamaldehyde modulates Lactobacillus plantarum proteome and improves
colonisation potential in the avian gut
Annie M. Donoghue, Poultry Production and Product Safety Research Unit, USDA Agricultural
Research Service, USA

•

P17: Correlations between faecal microbiota/metabolome and gastrointestinal symptoms in
pre-schoolers with autism spectrum disorder
Paola Mastromarino, Department of Public Health and Infectious Diseases, Sapienza
University of Rome, Italy

•

P18: Exopolysaccharide produced by Leuconostoc mesenteroides strain NTM048 enhances
antigen-specific IgA secretion
Chiaki Matsuzaki, Research Institute for Bioresources and Biotechnology, Ishikawa Prefectural
University, Japan

•

P19: Intake of beta-glucan and blood glucose regulation via gut microbiota in healthy subjects
Line Gaundal, Faculty of Health Sciences, Oslo Metropolitan University, Norway

•

P30: Lactobacillus elicits a ‘Marmite effect’ on the chicken caecal microbiome
Angela Zou, Molecular Medicine, Hospital for Sick Children, Peter Gilgan Center for Research
and Learning, Canada,

17:45 – 18:45
Poster viewing & drinks

7th Beneficial Microbes Conference
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TUESDAY 27 NOVEMBER 2018
SESSION 1
JOINT ILSI EUROPE TASK FORCE SESSION
THE ROLE OF PRE- AND PROBIOTICS IN HEALTH: THE POTENTIAL, THE DIFFICULTIES AND
THE CAVEATS
Invited experts will highlight current gaps in research that focus on modulating the impact of the
human microbiota on host health. In particular, the importance, but also shortcomings, of investigating
and unravelling pre- and probiotics effects at the molecular level will be emphasised.
Chair: Prof. Koen Venema, Maastricht University, the Netherlands
08:45

ILSI Europe – Prebiotics, probiotics and the gut microbiota
Dr Tobias Recker, ILSI Europe, Belgium

08:55

Pro- and prebiotics: the long and windy road from believe to health claim
Prof. Bruno Pot, Yakult Europe, the Netherlands

09:15

Can we define structure-function relationships in fermented carbohydrates?
Prof. Robert Rastall
Department of Food and Nutritional Sciences, University of Reading, UK

09:35

Translational analysis of probiotic modes of action
Prof. Sarah Lebeer, Department of Bioengineering, University of Antwerp, Belgium

09:55

Design and conduct of human gut microbiome intervention studies relating to functional foods
Prof. Jonathan Swann, Department of Surgery and Cancer, Imperial College London, UK

10:15

Chair’s conclusions and discussion

10:30

Networking break & poster viewing

SESSION 3
PROBIOTICS IN HEALTH AND DISEASE: WHAT FURTHER?
Probiotic use is expanding beyond its established stronghold in digestive health. Research is going on
to establish the role of probiotics in supporting emerging areas, such as respiratory health, skin health,
and oral health. Recent advancements will be highlighted.
Chair: Dr Karen Scott, University of Aberdeen, UK
11:00

Chair’s introduction

11:05

Digging for diamonds: Lactobacillus species as upper respiratory tract probiotics
Prof. Sarah Lebeer, Department of Bioengineering, University of Antwerp, Belgium

11:25

Therapeutic probiotic use in dermatological diseases: the skin-gut axis
Dr Vicente Navarro López, Department of Clinical Medicine, Universidad Católica San Antonio
de Murcia, Spain

11:45

Can common oral diseases be controlled using probiotics?
Prof. Robert Allaker, Institute of Dentistry, Queen Mary University of London, UK

12:05

Lactobacillus rhamnosus LGG® – how mode of action studies help us understand clinical
benefits
Dr Anita Wichmann, Microbiome & Human Health Innovation, Chr. Hansen A/S,
Denmark

12:25

Chair’s summary

12:30

Lunch break & poster viewing
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TUESDAY 27 NOVEMBER 2018
SESSION 2
PRE- AND PROBIOTICS, ANIMALS, AND ANIMAL MODELS
Recent advances in the use of pre- and probiotics in various animal production systems and their
impact on animal productivity will be presented. And what can we learn from animals as a model for
human response?
Chairs: Dr Frédérique Chaucheyras-Durand, Lallemand, France
Prof. Richard Ducatelle, Ghent University, Belgium
08:45

Chair’s introduction

08:50

The effect of oral supplementation with Spirulina and Chlorella on growth and digestive health
in piglets around weaning
Dr Hauteclaire Furbeyre, Physiology, Environment and Genetics, INRA, France

09:10

Benefits of probiotics in monogastric animal production
Antoine Meuter, DSM Nutritional Products, Switzerland

09:30

Probiotics as key elements of nutritional strategies targeting broiler gut function and health in
the post antimicrobial growth promoter era
Dr Konstantinos Mountzouris, Department of Nutritional Physiology and Feeding, Agricultural
University of Athens, Greece

09:50

The use of lactic acid bacteria as probiotic for broilers
Ida Hindrichsen, Novozymes A/S, Denmark

10:10

Butyricicoccus, the next generation probiotic that fits into the ‘One Health’ concept
Dr Venessa Eeckhaut, Department of Pathology, Bacteriology and Poultry Diseases, Ghent
University, Belgium

10:30

Networking break & poster viewing

11:00

Metabolic consequences of gut dysbiosis in companion animals
Dr Jan Suchodolski, Department of Small Animal Clinical Sciences, Texas A&M University,
USA

11:25

A Pediococcus strain to rescue honeybees by decreasing Nosema ceranae- and pesticideinduced adverse effects
Dr Hicham El Alaoui, Laboratoire Microorganismes: Génome et Environnement, Université
Blaise Pascal, France

11:45

Preventing Campylobacter infection by Lactobacillus gasseri
Dr Keita Nishiyama, Department of Microbiology, Kitasato University, Japan

12:05

Milk prebiotics for gut and microbiota development in preterm neonates – experience from
preterm pigs
Dr Stine Brandt Bering, Department of Veterinary and Animal Sciences, University of
Copenhagen, Denmark

12:25

Chair’s summary

12:30

Lunch break & poster viewing
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TUESDAY 27 NOVEMBER 2018
PARALLEL SESSION 4
PRE- AND PROBIOTICS, MODULATION OF GUT MICROBIOTA, AND MORE
A selection of recent research on gut microbiota as well as on potential applications and beneficial
effects of pre- and probiotics in the digestive tract will be presented.
Chair: Dr Thomas D. Leser, Chr. Hansen, Denmark
13:30

Chair’s introduction

13:35

Early life microbiome interventions impact later life metabolic health in mice
Dr Mona Mischke, Nutricia Research, the Netherlands

13:55

Signatures of longevity in the gut microbiome
Prof. Silvia Turroni, Department of Pharmacy and Biotechnology, University of Bologna, Italy

14:15

Live biotherapeutic strategy targeting functional dysbiosis: a new insight for IBS patients
Dr Laureen Crouzet, 4D pharma plc and UCA-INRA, France

14:35

The building blocks for a rational design of faecal transplants
Dr Olaf Larsen, Yakult Nederland and Athena Institute, VU Amsterdam, the Netherlands

14:55

Impact of oral formulations on the survival of a Lactobacillus strain in the gastrointestinal tract
and the modulation of gut microbiota under simulated human digestive conditions
Dr Marie-Edith Arnal, Microbiota, Digestive Environment and Health, University of Clermont
Auvergne, France

15:15

Unravelling metabolic and xenobiotic interactions of the human gut microbiota
Dr Kiran Raosaheb Patil, Structural and Computational Biology Unit, European Molecular
Biology Laboratory, Germany

15:40

Chair’ summary

15:45

Networking break & poster viewing

PLENARY MEETING
POSTBIOTICS – WHAT ELSE?
Postbiotics refer to soluble factors secreted by live bacteria or released after bacterial lysis that have
biologic activity in the host. This session provides an overview of the postbiotic concept and the
potential health benefits.
Chair: Dr Guus Roeselers, Nutricia Research, the Netherlands
16:15

Chair’s introduction

16:20

The birth of postbiotics: harnessing the power of fermentation
Prof. Seppo Salminen, Functional Foods Forum, University of Turku, Finland

16:45

Shaping the immunity with bugs and friends
Dr Flavia Indrio, Department of Paediatrics, University of Bari, Italy

17:10

Can postbiotics nurture the infant gut microbiota?
Dr Sebastian Tims, Nutricia Research, the Netherlands

17:30

Heat-killed Lactococcus lactis improves immunity and physical conditions of athletes after high
intensity exercise
Dr Toshio Fujii, Research Laboratories for Health Science & Food Technologies, Kirin Co.,
Japan

18:00 – 19:00
Informal get-together & poster viewing
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TUESDAY 27 NOVEMBER 2018
SESSION 5
RECENT ADVANCES IN METHODS AND MODELS FOR BENEFICIAL MICROBES
Novel methods and models to select and characterise target-specific for a next generation of
probiotics are needed. This session highlights some exciting examples of research under way.
Chair: Dr Jiro Nakayama, Kyushu University, Japan
13:30

Chair’s introduction

13:35

Developing a state of the art ex vivo model to study bacterial probiotic effects using human
mini-guts
Dr Jesper Strickertsson, Microbiome & Human Health Innovation, Chr. Hansen A/S, Denmark

13:55

Real-time non-invasive optical imaging and quantification of probiotic BSH activity in vitro and
in vivo
Prof. Elena Goun, Institute of Chemical Sciences and Engineering, Swiss Federal Institute of
Technology, Switzerland

14:15

Lessons from Caenorhabditis elegans: Lactobacillus brevis increases lifespan via the innate
immune system
Dr Anders Olsen, Department of Chemistry and Bioscience, Aalborg University, Denmark

14:35

EFSA compliant genome screening of bacterial strains
Dr Tom van den Bogert, BaseClear, the Netherlands

14:55

Welcome to you and your 39 trillion bacteria: microbiome analysis in health and disease
Patricia Vera-Wolf, M.Sc., uBiome, Chile

15:15

Engineering microbes to record temporal biological information with the CRISPR-Cas immune
system
Ravi Sheth, Department of Systems Biology, Columbia University, USA

15:40

Chair’s summary

15:45

Networking break & poster viewing

PLENARY MEETING
POSTBIOTICS – WHAT ELSE?
See previous page
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WEDNESDAY 28 NOVEMBER 2018
PLENARY MEETING
PROBIOTIC MODULATION OF THE MICROBIOTA-GUT-BRAIN AXIS
The gut microbiota has emerged as a key player in the control of the gut-brain axis, a communication
that integrates the gut, the enteric nervous system and the central nervous system. Alterations in the
gut microbiota composition may be associated with pathogenesis of various neurological disorders.
Here is a selection of recent advancements in this exciting field.
Chair: Dr Chieh Jason Chou, Nestlé Institute of Health Sciences, Switzerland
08:30

Chair’s introduction

08:35

Gut reactions and the culture of stress: towards microbial management of brain function and
behaviour
Dr Gerard Clarke, Department of Psychiatry and Neurobehavioural Science and APC
Microbiome Ireland, University College Cork, Ireland

08:55

Bugs in amyloidosis: the good, the bad and the ugly
Dr Taoufiq Harach, Reminisciences SA, Switzerland

09:15

Potential of probiotic Bifidobacterium in the prevention of cognitive impairment in Alzheimer’s
disease
Dr Jin-zhong Xiao, Next Generation Science Institute, Morinaga Milk Industry Co. Ltd., Japan

09:35

Hype or reality: does gastric Helicobacter control our mind?
Prof. Roosmarijn Vandenbroucke, Center for Inflammation Research, Ghent University,
Belgium

09:55

Influence of the microbiota-gut-brain-axis on emotional behaviour in quails
Dr Christine Leterrier, Physiology of Reproduction and Behaviour, INRA, France

10:15

Mechanisms underlying microbial-mediated changes in social behaviour in mouse models of
autism spectrum disorder
Prof. Mauro Costa-Mattioli, Department of Neuroscience and Memory and Brain Research
Center, Baylor College of Medicine, USA

10:35

Networking break & poster viewing

FINAL PLENARY MEETING
ADDRESSING THE POTENTIAL OF THE MYCOBIOME AND THE VIROME
See next page
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WEDNESDAY 28 NOVEMBER 2018
FINAL PLENARY MEETING
ADDRESSING THE POTENTIAL OF THE MYCOBIOME AND THE VIROME
Current research portends a vital role for the mycobiome in human health and disease. And what
about the virome? This final plenary meeting provides some insight into this emerging research area.
Chair: Prof. Koen Venema, Maastricht University, the Netherlands
11:00

Chair’s introduction

11:05

The gut mycobiome in health and disease
Dr Iliyan Iliev, Department of Microbiology and Immunology, Weill Cornell Medicine, USA

11:30

The mycobiome: exploring new worlds within
Dr David Moyes, Centre for Host-Microbiome Interaction, King’s College London, UK

11:55

Characterising the most abundant virus associated with humans, crAssphage
Dr Stephen Stockdale, APC Microbiome Ireland and Teagasc, Ireland

12:20

Identification of viruses in metagenomics data
Dr Alexandra Zhernakova, Department of Genetics, University Medical Center Groningen, the
Netherlands

12:45

Top 5 lessons learned
Prof. Koen Venema, conference chair

13:00

Closing of the 7th Beneficial Microbes Conference
Take your packed lunch to eat along the way!
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LECTURES
MONDAY 26 NOVEMBER 2018
PLENARY MEETING
THE POTENTIAL ROLE OF THE MYCOBIOME AND ARCHAEOME IN HEALTH AND DISEASE
THE GUT MYCOBIOME: WHY BOTHER ABOUT 0.1%?
Réne van den Wijngaard
Department of Gastroenterology, Academic Medical Center, the Netherlands
r.vandenwijngaard@amc.uva.nl
In most of the current gut microbiome literature, the microbiome is synonym to the bacterial microbiota.
Possibly because of low fungal abundance a role for the gut mycobiome in health and disease was
understudied so far. Recent publications however, indicate gut mycobiome dysbiosis in a growing list of
diseases (e.g., cirrhosis, autism, graft versus host disease, obesity, irritable bowel syndrome). These
investigations raise a lot of ‘new’ questions, which in essence are similar to the ones being addressed
in the bacterial microbiome field. Obviously, one of the most relevant issues is on ‘association versus
causation’. Amongst others, this subject will be addressed using novel findings on abdominal pain in the
Irritable Bowel Syndrome (IBS) as an example.
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ARCHAEA, NEGLECTED COMPONENTS OF THE HUMAN MICROBIOME
Christine Moissl-Eichinger, K. Koskinen, A. Mahnert, M. Pausan and M. Blohs
Department of Internal Medicine, Medical University of Graz, Austria
christine.moissl-eichinger@medunigraz.at
The human microbial community is composed of trillions of microorganisms from all three domains of
life. However, most microbiome studies are bacteria-centric and ignore the presence of archaea in the
human microbiome, although they can comprise substantial amounts and have important functions for
human health – and possibly also disease. Methanogenic archaea are amongst the most abundant
microorganisms in the human gastrointestinal tract, sometimes outnumbering even the most abundant
bacterial species, and of key relevance for the human ecosystem. However, due to their fundamentally
different biology, they often remain undetected due to insufficient methodology. Thus, the current
knowledge on the human archaeome is mostly restricted to cultures of four archaeal species and sideinformation retrieved from microbiome analyses.
It is our goal to uncover the diversity, quantity and function of archaea associated with the human body.
By improved methodology we were able to discover considerable amounts (up to 20%) of Archaea on
human skin, in the gastrointestinal tract, the oral cave and the respiratory tract [1,2]. First results indicate
that the archaeal diversity within the human body is higher than expected, being composed of Archaea
from several phyla [3]. We uncovered the human archaeal biogeography with predominance of (novel)
methanogens in the gastrointestinal tract and unknown, DPANN superphylum-associated Archaea in
the lung.
With novel methods in place, many basic questions about the contribution of Archaea to human
microbiomes and health can now be addressed to update our rudimentary and fragmentary knowledge,
addressing the most puzzling questions, including:
• What are the functions of human-associated Archaea besides methanogenesis?
• How do Archaea communicate with their hosts or syntrophic partners?
• Are Archaea influenced by host parameters?
• When and how are they acquired during life?
• Do archaeal pathogens exist?
References
1. Pausan, M.R. et al., 2018. bioRxiv. Available from: http://biorxiv.org/content/early/2018/05/30/
334748.abstract
2. Moissl-Eichinger, C. et al., 2017. Scientific Reports 7: 4039.
3. Koskinen, K. et al., 2017. MBio 8: e00824-17.
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MONDAY 26 NOVEMBER 2018
PLENARY MEETING
‘THE BATTLE’: PRE- AND PROBIOTIC RESEARCH IN HUMANS AND ANIMALS
Probiotics and gut microbiota – weight loss or weight gain friendly?
PROBIOTICS FOR WEIGHT MANAGEMENT: ARE WE THERE YET?
Chieh Jason Chou
Nutrient Metabolism and Digestion, Nestlé Institute for Health Sciences, Switzerland
chieh-jason.chou@rd.nestle.com
According to the World Health Organization (WHO), an estimated 39% (1.9 billion) and 13% (650 million)
of adults worldwide over 18 years old are overweight and obese, respectively. Driven by excessive
calorie intake and sedentary lifestyle, the consequences of obesity are increasingly being managed by
bariatric surgery and low-calorie diet as medication alone often fails to achieve desired weight loss.
Probiotics have a long history of human consumption, and existing evidence supports the benefit of
probiotics in assisting weight loss. However, the outcomes are species- and strain-dependent. In an
effort to enhance weight reduction, we and others have conducted clinical trials with probiotic bacteria
in combination with standard treatments to test their ability to augment weight loss. For example, in a
double-blind, randomised, placebo-controlled trial, it was shown that supplementation with a specific
Lactobacillus rhamnosus strain in combination with a low-calorie diet results in additional weight and fat
mass reduction in female participants compared with low caloric feeding. In another study, it was found
that a probiotic cocktail prior to and after bariatric surgery caused significant weight loss in comparison
with surgery alone.
Taken together, the published data suggest that improved weight loss may be achievable by including
probiotics in standard dietary and surgical treatments, establishing the possibility that such combination
therapies could be used to address the growing obesity pandemic.
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‘THE BATTLE’: PRE- AND PROBIOTIC RESEARCH IN HUMANS AND ANIMALS
Probiotics and gut microbiota – weight loss or weight gain friendly?
MICROBIOTA MANIPULATION TO IMPROVE GUT HEALTH AND WEIGHT GAIN IN
PRODUCTION ANIMALS
Ivan Rychlík
Department of Immunology, Veterinary Research Institute, Czech Republic
rychlik@vri.cz
Probiotics are commonly tested in farm animals to improve growth performance and to them protect
against enteric infections. In pigs and poultry, lactobacilli are used the most frequently followed by bacilli,
enterococci, bifidobacteria and clostridia. Approx. one third of studies on the use of probiotics in poultry
and (only) one sixth of papers on the use of probiotics in pigs deal with body weight and these mostly
report on a positive effect increasing performance by 2-3% to appropriate controls. However, these data
originate from well controlled experimental trials.
Probiotics are much less frequently used in commercial production, mostly due to unreproducible
effects. One of the reasons can be associated with our recent findings on the ability of different bacterial
species of chicken gut microbiota to efficiently colonise the intestinal tract. We have sequenced over
350 isolates originating from the chicken caecum among which we identified 218 different species
belonging to 7 different phyla – Firmicutes, Bacteroidetes, Actinobacteria, Proteobacteria, Verrucomicrobia, Elusimicrobia, and Synergistetes. Over 70 different clones were already tested in newly
hatched chickens and we observed that only 18 isolates belonging to the phylum Bacteroidetes, 3
isolates belonging to the phylum Firmicutes class Negativicutes, two isolates of Desulfovibrio, and single
isolates of Akkermansia and Cloacibacillus belonging to the phyla Verrucomicrobia and Synergistetes
were capable of colonisation of chicken caecum after oral administration during the first week of life. We
never succeeded with the colonisation of newly hatched chicks with any isolate belonging to the families
Lactobacillaceae, Lachnospiraceae, Ruminococcaceae or Erysipelotrichaceae (all phylum Firmicutes)
or 4 tested isolates belonging to the phylum Actinobacteria. These findings should be considered when
designing new generation of probiotics, competitive exclusion products or even human faecal
transplants.
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‘THE BATTLE’: PRE- AND PROBIOTIC RESEARCH IN HUMANS AND ANIMALS
Filling the fibre gap: implications for human and animal health
A DEEPER LOOK AT FIBRE AND THE HUMAN MICROBIOME
Tim Spector
Department of Twin Research and Genetic Epidemiology, King’s College London, UK
tim.spector@kcl.ac.uk
Dietary fibre is much more complex than previously thought and acts not just as a bulking agent but
contain microbiota accessible carbohydrates (MACs) which in the large intestine are converted by
microbes to an energy source for the host, as well as some key signalling molecules for metabolism and
the immune system such as SCFA. Meta-analyses of 64 small fibre supplement studies show fibre
generally increases bifidobacteria and lactobacilli species but does not improve alpha diversity. Several
recent trials including preliminary data on twins have shown fibre supplements will increase key species
but can actually reduce alpha diversity. We have explored in around 2,000 twins the influence of dietary
fibre on weight gain over ten years. Twins with the highest dietary fibre intakes had the least weight gain
over ten years, and this was explained by an increase in alpha diversity compared to the low fibre group.
We found that Tanzanian hunter gatherers on high fibre intakes had higher levels of short chain fatty
acids and diversity in the gut than twins. This suggests fibre may have different effects, as concentrated
supplements or as part of a plant-based diet and may also vary across individuals. As well as changes
in microbes, we need to focus on change in metabolites they produce. Our data on 4,000 twins is unique
and combines genomic, immunomic, metabolomics and metagenomics data, and with diet intervention
studies will help us understand the individual effects of fibre.
References
1. So, D. et al., 2018. American Journal of Clinical Nutrition 107: 965-983.
2. Valdes, A.M. et al., 2018. BMJ 2018;361:k2179.
3. Menni, C. et al., 2017. International Journal of Obesity 41: 1099-1105
4. Zierer, J. et al., 2018. Nature Genetics 50: 790-795.
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‘THE BATTLE’: PRE- AND PROBIOTIC RESEARCH IN HUMANS AND ANIMALS
Filling the fibre gap: implications for human and animal health
FIBRE, THE UNDERRATED NUTRIENT IN ANIMAL FEED FORMULATION
Richard Ducatelle
Department of Pathology, Bacteriology and Poultry Diseases, Ghent University, Belgium
richard.ducatelle@ugent.be
For many years, the production of compound feeds for farm animals has been based on the so-called
‘least cost’ formulation, aiming to cover the animal’s requirements for energy, protein, essential amino
acids, vitamins and minerals, using readily available raw materials, whilst putting an upper limit to the
fibre content of the formula. This was inspired by the idea that the non-starch polysaccharides (NSP)
present in the fibre fraction were no more than an inert filling substance, and thus high percentages of
fibre would reduce digestibility and negatively affect performance. Later it was shown in broiler feeding
experiments that many sources of NSP increase the viscosity of the intestinal contents of the birds,
thereby interfering with the digestibility of the nutrients. Moreover, fibre was blamed for its ‘caging effect’,
i.e. the sequestration of nutrients by the NSP of plant cell walls. The latter observations triggered
numerous initiatives to design NSP-degrading enzyme supplements for animal feeds in order to get rid
of the harmful effects of the NSP, especially those present in some feed ingredients such as wheat and
rye. These enzymes proved to be remarkably successful in improving performance, especially in very
young animals such as broilers and newly weaned piglets, to the point that the effects could not be fully
explained by the mere reduction of viscosity.
Since at least 50 years, farm animals, especially broilers, laying hens and pigs, but also beef cattle,
dairy cows and sheep, have been selected for better performance. This is achieved by reduced feed
conversion and increased feed intake. Since the selection for higher feed intake is not accompanied by
a parallel development of the digestive system, more stress is put on the latter. This is commonly
manifested as ‘dysbiosis’, or in pathological conditions, enteritis and diarrhoea. Dysbiosis problems have
been masked for a long time by adding low amounts of antibiotics to animal feed. Studies on the
dysbiosis syndrome have been boosted by the ban on growth promoting antibiotics in animal feed, first
in the European Union (2006) and recently also in many other parts of the world. At present, dysbiosis
is probably the biggest challenge to farm animal productions. It is characterised by a shift in the
composition of the normal intestinal microbiota, inflammation and leakage of the intestinal mucosal
barrier. All of this has triggered an interest in understanding the role of the intestinal microbiota and its
interaction with the host. As it happens, the microbiota dominates in the lower intestinal tract, where
they live on the indigestible fraction of the diet, i.e., the fibres. A remarkably large percentage of the fibre
fraction of the diet is actually consumed by the microbiota in a complex cross-feeding cascade. The end
products of the microbial metabolism, e.g. butyrate, propionate, etc. not only are important nutrients for
the intestinal mucosa, they also constitute valuable signals informing the host about the composition of
its intestinal microbiota. Recent studies have shown that the fibre-degrading enzymes which are used
as feed additives actually help the microbiota to break down and metabolise the dietary fibres, which is
particularly useful in very young animals with an incompletely developed microbiota. The novel concepts
about the role of intestinal health in supporting digestion and metabolism have led to the design of a
collection of new feed additives that provide readily available fibre to the microbiota, all of which can be
classified under the heading of prebiotics. Still, our understanding of the complex interactions between
the host and its microbiota is only in its infancy, so no doubt many novel aspects will be discovered in
the near future.
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‘THE BATTLE’: PRE- AND PROBIOTIC RESEARCH IN HUMANS AND ANIMALS
Lactobacilli: friend or foe?
LACTOBALLI: FRIEND OR FOE?
Eric Claassen
Athena Institute, VU Amsterdam, the Netherlands
prof.eric.claassen@gmail.com
The field of probiotics has great innovative potential, addressing several unmet medical needs.
However, despite mounting evidence and opportunities in the field, relatively few strains are
commercially available and probiotics are seldom in routine use in clinical practice. Innovation in the
field of probiotics seems hampered. Using the barrier approach, this study identified the main barriers
in the probiotic innovation process, as experienced by key-opinion-leaders (KOLs). These innovation
barriers are visualised and their underlying causes revealed by means of qualitative root cause analysis.
The root causes were placed in an academic-industrial valorisation cycle. Furthermore, a quantitative
ranking of the barriers was used to demonstrate their relative importance. This study demonstrates that
the probiotic research cycle is faulty due to specific barriers and bypasses, and that innovation is
hampered in all domains of the valorisation cycle. Eleven main barriers were identified, with “difficulty in
demonstrating clinical efficacy” being the most significant inhibiting factor. Other barriers could be
classified as fundamental research barriers, clinical research barriers, financial barriers, regulatory
barriers, collaboration barriers, marketing barriers and product barriers. Using this barrier approach,
inhibiting factors are identified which allows subsequent action to be taken to re-establish the natural
cycle of innovation.
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‘THE BATTLE’: PRE- AND PROBIOTIC RESEARCH IN HUMANS AND ANIMALS
Lactobacilli: friend or foe?
ARE LACTOBACILLI THE PANACEA ALTERNATIVE TO THE USE OF ANTIMICROBIALS IN
LIVESTOCK DIETS?
A. Cameron1,2 and Tim A. McAllister2
1Faculty

of Veterinary Medicine, University of Calgary, Canada and 2Lethbridge Research and
Development Centre, Agriculture and Agri-Food Canada, Canada
tim.mcallister@agr.gc.ca
Probiotic lactobacilli are most frequently derived from the natural microbiotas of healthy animals. These
bacteria and their metabolic products are viewed as nutritional tools for promoting animal health and
productivity, disease prevention and therapy, and food safety in an era defined by increasingly
widespread antimicrobial resistance in bacterial pathogens. In contemporary livestock production,
antimicrobial usage is indispensable for animal welfare, and is frequently employed to enhance growth
and feed efficiency. Given the importance of antimicrobials in both human and veterinary medicine, their
effective replacement with direct-fed microbial probiotics could help lessen the usage of antimicrobials,
perhaps helping to restore or extend the usefulness of these precious drugs against serious infections.
Thus, probiotic research in livestock is rapidly evolving, aspiring to produce local and systemic health
benefits on par with antimicrobials. Although many studies have clearly demonstrated the potential of
probiotic lactobacilli to positively affect animal health and inhibit pathogens, evidence from trials in
livestock often suggests that probiotic successes are modest, conditional, strain-dependent, and
transient. Here, we will explore current understanding, trends, and emerging applications of lactobacillibased probiotic research and usage in major livestock species and highlight successes in animal health
and performance.
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TUESDAY 27 NOVEMBER 2018
SESSION 1
THE ROLE OF PRE- AND PROBIOTICS IN HEALTH: THE POTENTIAL, THE DIFFICULTIES AND
THE CAVEATS
Joint ILSI Europe Task Force session
ILSI EUROPE – PREBIOTICS, PROBIOTICS AND THE GUT MICROBIOTIA
Tobias Recker
ILSI Europe, Belgium
trecker@ilsieurope.be
ILSI Europe fosters collaboration among the best scientists from industry, academia and the public
sector to provide evidence-based scientific solutions and to pave the way forward in nutrition, food
safety, consumer behaviour and sustainability. To deliver science of the highest quality and integrity,
scientists collaborate and share their unique expertise in expert groups, workshops, symposia and
resulting publications.
Since it is increasingly acknowledged that the gastrointestinal microbiota plays a major role in the
improvement of gut and host health, scientists have a strong interest in the effects of diet on human
gastrointestinal microbiota composition and activity. Functional foods are directed towards digestive
health with prebiotics and probiotics probably being the most common. A better understanding of their
effects is essential to establish new targeted therapies with the purpose of improving gastrointestinal
health and decreasing or balancing chronic, low-grade inflammation associated with the metabolic
syndrome, neurodegenerative disorders and ageing. The aim of this talk is to summarise and highlight
ILSI Europe’s activities, in particular from ILSI Europe’s Prebiotics, Probiotics and Functional Foods
Task Forces, that addressed several aspects of gut microbiota modulation.
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PRO- AND PREBIOTICS: THE LONG AND WINDY ROAD FROM BELIEVE TO HEALTH CLAIM
Bruno Pot
Yakult Europe BV, the Netherlands
bpot@yakulteurope.com
Probiotics and prebiotics are now well-known for their health benefits. Earlier probiotics were derived
from more traditional food products for which specific health benefits had been noted. Research on
these foods identified specific components that could be linked to the observed benefits. Further
research was directed towards improvement and optimisation. By doing so also questions about
underlying mechanisms of individual strains or compounds became solved. New research tools allowed,
moreover, to situate the health importance in a much broader frame, e.g., the impact of the intestinal
microbiota, its development and evolution in the development of disease. The potential of pro- and
prebiotics therefore became much broader and reflected in areas where no one before had any reliable
knowledge: neural and stress disorders, inflammatory diseases, allergy, cancer prevention, etc.
Suddenly, the potential was there to cover also applications like skin problems or diseases, such as
autism or Parkinson Disease, rarely considered before. This extension of the scope certainly comes
with some consequences. The complexity of the research is running on the limits of technology.
‘Associations’ still tend to be more frequent than ‘cause and consequence’ observations. Individual
differences in microbiota, food habits, stress levels, etc. make a generalisation towards the general
population very difficult. Expectations are much more in a ‘deficiency’ arena, leaving the ‘health’ path
for a ‘disease’ path; moving from ‘food’ to ‘drug’. The latter is fortified by the fact that, e.g., the latest
probiotics such as Faecalibactium prausnitzii or Akkermansia muciniphila are no longer derived from
food but are the result of clinical observations. This brings in an important question of safety, as these
bacteria no longer have a ‘history of safe use’.
As research is progressing in those different areas, the risk of diffusion and dilution is also increasing. It
seems like pro- or prebiotics can do it all! Expectations from consumers become extremely high and
when it turns out that these products cannot fulfil (all of) them, the whole domain is in risk of losing
confidence. We all bear responsibilities in preventing this. Legislators need to define clear rules on what
type of claims can be made and how to obtain them. Researchers need to publish only results that are
of good quality, obtained by correct protocols and free of bias. They should not be afraid to publish
negative results as well. Producers should not make any unsubstantiated claims and explain benefits
to the consumer in a comprehensible and correct way. Importantly, media and bloggers, should remain
vigilant towards fake news and bad quality ‘research’ and be sufficiently equipped to act accordingly. A
recent example of how 1 bad research article was taken up blindly by the press, with over 230,000
Google items as a result, should raise concern and be a reason to learn more about the different aspects
of this issue. The main challenge, however, will be the future research. Research tends to move out of
the ‘nutrition’ framework towards a ‘pharmaceutical’ approach. Medical implications might prevail, as
many research hypotheses will be derived from clinical observations. ‘Personalised’ will replace
‘general’ and technological needs to grasp that complexity, will be increasingly expensive and
complicated, relying on multidisciplinary teams, big data and recurrent validation.
Still health and health maintenance will be important. As our society will increasingly reach out for ways
towards healthy ageing, probiotics and prebiotics will be considered routinely. Taken as a food they
might not only improve or support health but also be enjoyable.
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CAN WE DEFINE STRUCTURE-FUNCTION RELATIONSHIPS IN FERMENTED
CARBOHYDRATES?
Robert Rastall
Department of Food and Nutritional Sciences, University of Reading, UK
r.a.rastall@reading.ac.uk
Carbohydrates entering the complex microbial ecosystem resident in the human gut can be fermented
to different degrees by the bacterial species present. Whilst insoluble carbohydrates may be fermented
to a low degree, they may still be classed dietary fibres. More extensively fermented carbohydrates
frequently display a selectivity towards particular microbial groups; if the end result of this process is an
improvement in host health, then we would consider those carbohydrates to be prebiotics.
It is a very complex task to identify the structural basis of the fermentation selectivity underlying a
prebiotic effect. Individuals vary greatly in terms of the diversity of their gut microbiome and in the
response of this microbiome to any given carbohydrate. The task is further complicated by the use of
varying microbiology techniques across studies. Sequencing techniques are giving us increased
awareness of the diversity of the human gut but do not necessarily increase our understanding of the
functional ecology. More targeted approaches give more information about the function of specific
microorganisms in the ecosystem but inevitably miss a large part of the microbial diversity present. Most
studies on dietary carbohydrate intervention to date have not integrated these techniques to give a full
picture. Comparing studies is fraught with difficulties. Some generic understanding can be identified,
however. It is clear that low molecular weight carbohydrates of a wide range of structure are very readily
metabolised by bifidobacteria and are frequently seen to select for this genus in in vitro studies. Many
low molecular weight carbohydrates, however, are metabolised by humans and could not be considered
as prebiotics. This selectivity is explained by the widespread presence of exo-glycosidase and sugar
transport system genes in bifidobacterial genomes.
Metabolism of higher molecular weight carbohydrates is dependant of organisms possessing the
relevant polysaccharide utilisation genes. Although present in many bacteria, these are particularly
common in members of the Bacteroides, rendering them highly adept at polysaccharide metabolism. To
understand the fate of any given carbohydrate in the gut microbiome, however, the presence of crossfeeding networks must be taken into account. It is clear that high molecular weight polysaccharides can
be broken down to low molecular weight oligosaccharides that can be metabolised by other organisms.
We know of some such cross-feeding networks likely to operate in the gut but there is much to learn.
This understanding will, however, be dependent on physiological studies that will require growth under
laboratory conditions. Unfortunately, this is not currently possible with many gut bacteria.
ILSI Europe has commissioned an activity to produce an authoritative view of the state of the art in terms
of our understanding of structure function relationships in fermented carbohydrates. This presentation
will discuss the current state of the art in our understanding of structure-function relationships in
fermentable carbohydrates, identify the questions to be answered in this area and introduce the ILSI
activity.
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TRANSLATIONAL ANALYSIS OF PROBIOTIC MODES OF ACTION
M. Kleerebezem1, S. Binda2, P.A. Bron3, G. Gross4, C. Hill5, J.E.T. van Hylckama Vlieg6,
Sarah Lebeer7, R. Satokari8 and A.C. Ouwehand9
1Host

Microbe Interactomics Group, Wageningen University & Research, the Netherlands, 2Danone
Nutricia Research, France, 3BE-Basic Foundation, the Netherlands, 4Innovative Health Sciences,
Reckitt Benckiser, the Netherlands, 5School of Microbiology and APC Microbiome Ireland, University
College Cork, Ireland, 6Chr. Hansen A/S, Denmark, 7Department of Bioscience Engineering,
University of Antwerp, Belgium, 8Immunobiology Research Programme, Faculty of Medicine,
University of Helsinki, Finland and 9 Global Health and Nutrition Sciences, DuPont Nutrition and
Health, Finland
sarah.lebeer@uantwerpen.be
The different levels of knowledge described in a translational pipeline (the connection of molecular
mechanisms with pre-clinical physiological and human health effects) are not complete for many
probiotics. At present, we are not in a position to fully understand the mechanistic basis of many well
established probiotic health benefits which, in turn, limits our ability to use mechanisms to predict which
probiotics are likely to be effective in any given population. Here we suggest that this concept of a
translation pipeline connecting mechanistic insights to probiotic efficacy can support the selection and
production of improved probiotic products. Such a conceptual pipeline would also provide a framework
for the design of clinical trials to convincingly demonstrate the benefit of probiotics to human health in
well-defined subpopulations.
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DESIGN AND CONDUCT OF HUMAN GUT MICROBIOME INTERVENTION STUDIES RELATING
TO FOODS
Jonathan R. Swann, P. Fanca-Berthon, A. Meynier, M. Rajilic-Stojanovic, B. Schelkle, O. Sakwinska,
A. Salonen, N. Segata, C. Shortt, K. Tuohy and O. Hasselwander
Department of Surgery and Cancer, Imperial College London, UK
j.swann@imperial.ac.uk
Human health and development is not the sole product of the genome and the gut microbiota is now
appreciated to contribute significantly to mammalian biocomplexity. Cross-talk exists between the
intestinal microbiota and host through a variety of mechanisms, including physiological, immunological,
and biochemical interactions, which can have implications for host health, development and disease.
Our increasing understanding of the importance of the gut microbiota in defining health, coupled with
the accessibility of this malleable population for dietary manipulation makes it an attractive target for
improving human health and reducing disease. As such, there is an increasing drive to design and
develop novel interventions to modulate this intestinal community to promote beneficial bacterial-host
interactions and/or attenuate adverse outcomes. The ever-expanding suite of tools now available enable
a wealth of high-resolution measurements to be made to examine this microbial-host relationship,
understand its influence on host health and evaluate the impact of interventions. However, these various
approaches have different strengths and limitations and care must be taken when drawing conclusions
from studies and comparing across studies and interventions. Furthermore, large variation in the gut
microbiota exists across individuals and across different disease states and it is unlikely that ‘one-sizefits-all’ for most intervention studies relating to foods. As such, individuals in the test populations should
be carefully selected and the translation of research findings to the wider population should be
considered.
This talk will present the recommendations of an expert group from the ILSI Europe ‘Functional Foods’
task force that aimed to define a set of study guidelines to facilitate the interpretation of human gut
microbiome intervention studies relating to foods.
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TUESDAY 27 NOVEMBER 2018
SESSION 2
PRE- AND PROBIOTICS, ANIMALS AND ANIMAL MODELS
THE EFFECT OF ORAL SUPPLEMENTATION WITH SPIRULINA AND CHLORELLA ON GROWTH
AND DIGESTIVE HEALTH IN PIGLETS AROUND WEANING
Hauteclaire Furbeyre
Physiology, Environment and Genetics, INRA, France
hauteclaire.furbeyre@inra.fr
Aquatic microorganisms have paid more and more attention because of their content in biologically
active elements that can improve human and animal health. Last years, a wide range of in vitro and in
vivo studies demonstrated antioxidant, anti-inflammatory, immunomodulatory and prebiotic activities
from various chemical components in microalgae and cyanobacteria. Some microalgal and
cyanobacterial strains, such as Chlorella vulgaris and Spirulina platensis have become popular through
the development of commercial production. The accumulated knowledge around ‘health’ effects from C.
vulgaris and S. platensis and the associated biological mechanisms affords numerous applications for
human nutrition, health and disease prevention.
In pig farms, weaning is a critical step for piglets that leads to digestive disorders that often require
antibiotic use to alleviate pathogen invasion and mortality. In order to reduce antibiotic use in farm
animal, it has become necessary to develop new strategies to enhance digestive defence in weanling
pigs. The aim of our study was to evaluate the potential of Spirulina and Chlorella as new functional
ingredients to promote digestive health in piglets at weaning. Two trials were conducted in pigs weaned
in individual cages and in contrasted sanitary conditions. The first trial was conducted using 96 piglets
(BW=9.1±1.1 kg) weaned in cleaned and disinfected rooms. Rooms were then cleaned every day during
the experiment. The second trial was conducted using 75 piglets (BW=9.5±0.9 kg) weaned in rooms
that were not cleaned nor disinfected before experiment started (i.e., faeces from other pigs remained
in the cages). Rooms were kept uncleaned during the total duration of the experiment. In both trials, the
diet was supplemented with 1% of Spirulina or Chlorella. In good sanitary conditions, dietary
supplementation with Spirulina and Chlorella both enhanced nutrient digestibility and intestinal
morphology but did not affect growth performance. In poor sanitary conditions, both Spirulina and
Chlorella supplementation altered growth performance with slight positive effects on indicators of
digestive health. In a third trial, Spirulina and Chlorella were administered orally in 14 days old piglets
(BW=4.9±0.7 kg) during four weeks (two weeks before and two weeks after weaning) to evaluate their
ability to prevent the early intestinal changes caused by weaning. Spirulina administration before and
after weaning enhanced growth in suckling piglets and reduced the risk of diarrhoea outcome in weaned
pigs. Our results show that the effects of microalgae on intestinal health depend on experimental
conditions. Using more than one experimental model is necessary to assess how such ingredients can
be used as ‘health’ promoters.
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BENEFITS OF PROBIOTICS IN MONOGASTRIC ANIMAL PRODUCTION
Antoine Meuter
DSM Nutritional Products, Switzerland
antoine.meuter@dsm.com
Probiotics are viable microorganisms that are used as feed additives in monogastric animals. The
probiotic concept is primarily based on the assumption that direct feeding of microbial cultures may
affect the composition of intestinal microbiota. Selected strains of microorganisms, believed to possess
beneficial effects on digestive processes or animal health are used. Lactic acid producing bacteria, such
as Enterococcus faecium, and spore-forming Bacillus spp. are the most frequently utilised probiotic
microorganisms for swine and poultry.
Various hypotheses of the modes of action of probiotics have been suggested in the literature [1,2]:
• competitive adhesion of probiotic microorganisms to epithelial receptors may prevent the
attachment of pathogenic bacteria (rational behind ‘competitive exclusion’);
• aggregation of probiotics and pathogenic bacteria;
• competition for nutrients between probiotic and undesired bacteria;
• increased synthesis of lactic acid and reduction of intestinal pH;
• production of specific antibacterial substances;
• reduced production of toxic amines and decrease of ammonia level in the gastro-intestinal tract;
• beneficial effects on the intestinal immune system, an improved intestinal defence against viral
infections.
Several beneficial claims have been established for microbial probiotics, but it is not always possible to
provide sufficient, scientific evidence to back up these claims. To be effective, probiotics need to be
stable in feed, pass the stomach, colonise the intestine and be active from the duodenum and onwards.
In general, the improvement of performance with probiotics comes from a better health status with less
diarrhoea and low mortality. They show variable growth-promoting effects according to the age of
animal: the effect on productivity is mainly seen in young animals having an unsettled microbiota
contrary to older pigs or poultry which respond, above all, once the microflora equilibrium is disturbed.
References
1. Kelly, D., 1998. Journal of Animal and Feed Sciences 7 (Suppl. 1): 15-23.
2. Simon, O. et al., 2001. Journal of Animal and Feed Sciences 10 (Suppl. 1): 51-67.
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PROBIOTICS AS KEY ELEMENTS OF NUTRITIONAL STRATEGIES TARGETING BROILER GUT
FUNCTION AND HEALTH IN THE POST ANTIMICROBIAL GROWTH PROMOTER ERA
Konstantinos C. Mountzouris
Department of Nutritional Physiology and Feeding, Agricultural University of Athens, Greece
kmountzouris@aua.gr
It is becoming evident that a prerequisite for a healthy gut environment and an optimal gut function is
the dynamic equilibrium among the continuously interacting components of the gut ecosystem, namely
host diet, gut microbiota, gut mucosa and the immune system. Probiotics represent powerful approaches
to modulate the broiler gut ecosystem in a manner that favours nutrient utilisation, pathogen elimination,
host detoxification and effective management of inflammation. Beyond the classic competitive exclusion
mechanism, more recent scientific evidence highlights the fact that probiotics and their effector
molecules (e.g., bacteriocins, SCFA, surface layer proteins and cell wall polysaccharides) can modulate
the gut barrier integrity and mucosal immunity through the control of mucus production, bacterial
adhesion, tight junctions, Toll-like receptors, and production of defensins and sIgA. As a result,
probiotics may inhibit the colonisation of proximal and distal parts of the broiler gut from coccidia and an
array of pathogens, such as Clostridium perfringens, Escherichia coli, Campylobacter and Salmonella.
Therefore, it is possible that through the intake of adequate quantities of live beneficial microorganisms
an optimal gut function could be pursued which in turn could result in enhanced growth performance,
overall broiler health, meat quality and safety. The latter is becoming highly important given the growing
stakeholder intention to further reduce worldwide therapeutic antibiotic usage in livestock and
completely replace all of antibiotic based antimicrobial growth promoters (AGP) from animal diets. To
date, example probiotic applications in broilers include microbial species belonging to Lactobacillus,
Streptococcus, Bacillus, Bifidobacterium, Enterococcus, Pediococcus and Saccharomyces
administered either individually or as combinations. The aim of this paper is to critically review and
discuss the role of probiotics for animal performance and health as well as towards enhancing the overall
food safety from farm to fork.

7th Beneficial Microbes Conference
26-28 November 2018, Amsterdam, the Netherlands

27

THE USE OF LACTIC ACID BACTERIA AS PROBIOTIC FOR BROILERS
Ida K. Hindrichsen, L. Delaney, B. Johnson, A. Morrow, C. Sansone, S. Christian, S.R. Jensen,
C.G.B. Veng, H. Niemann, P.B. Olsen, L.B.S. Hansen, U. Levine, T. Amos and R. Wolfenden
Novozymes A/S, Denmark
ikh@novozymes.com
Lactic acid bacteria (LAB) are commensal microorganisms in the gastrointestinal tract essential for a
balanced microbiota and boosting the immune system. In recent decades, they have also been
implemented in the poultry industry, where they are applied via in ovo injection, sprayed on chicks on
the converter belt or via the water pipeline. In vivo studies to test the efficacy of LABs have been set up
with many different purposes. Some are based purely on performance and/or meat quality with and
without stress challenge (e.g., pathogen, virus, health). Others focus on reduction of food pathogen
(e.g., Salmonella spp. and Campylobacter spp.) or mode of action on the microbiota, tracking strains or
immune system. The studies published in peer-reviewed articles are diverse in terms of LAB species
tested (e.g., L. plantarum, L. reuteri, L. crispatus, L. pentosus, L. fermentum, E. faecium, L. acidophilus,
L. rhamnosus or unknown species of Lactobacillus). Furthermore, the dose and application rate vary
highly, as well as some studies do not investigate LAB solely, but combine with prebiotic
oligosaccharide. Out of 21 peer-reviewed articles on performance without any challenge, 19 studies
observed an increased body weight gain and/or improved feed conversation rate. However, only few of
the studies also reported detailed information about the phenotypic or genotypic feature of the
successful strain. The consistent results throughout multiple strains suggests a potential bias in
publishing only positive results. Furthermore, there is a dearth of phenotypic data outlining the mode of
action of these LAB, resulting in a gap between understanding which in vitro parameters lead to in vivo
performance improvements. Research within probiotics therefore rightfully shifts towards understanding
the mechanistic action of each specific strain. One of the biggest challenge is that the phenotypic
features of the lactic acid bacteria positively effecting non-stressed animal models are not well
described. There are numerous peer-reviewed articles which screen LAB species diversity, however
these assays often focus on simple parameters (e.g., GIT survival) and fall short of modelling microbehost interactions (e.g., adhesion, host immune modulation).
In this study, we investigated a large collection of LAB strains and found high diversity not only in assays
mimicking gastrointestinal tract and pathogen inhibition, but also in their ability to adhere to intestinal
cells and improve cell permeability using continuous measurement over 48 h. The diversity shown in
these in vitro studies suggest that results from published in vivo trials should be much more diverse
compared to what is currently published. The current study aims at bridging the gap between in vitro
characterisation of LAB and in vivo results beyond challenged animal model.

28

7th Beneficial Microbes Conference
26-28 November 2018, Amsterdam, the Netherlands

BUTYRICOCCUS, THE NEXT GENERATION PROBIOTIC THAT FITS INTO THE ‘ONE HEALTH’
CONCEPT
Venessa Eeckhaut
Department of Pathology, Bacteriology and Poultry Diseases, Ghent University, Belgium
venessa.eeckhaut@ugent.be
In the future, animal production should be sustainable, implicating that meat should be produced taking
into account economical, societal and environmental needs. A clear need is the reduction of
antimicrobial usage, that is important to reduce the development and spread of antimicrobial resistant
bacteria in the environment and to humans. In animal production, probiotics are considered as
alternatives to antimicrobial growth promotors, used for many years as feed additives to maintain
adequate production levels. The majority of the commercial probiotics include strains of lactobacilli and
bacilli isolated from natural environments and selected based on their technological robustness.
Nowadays, the so called next generation probiotics (NGP) which have, compared to the classic
probiotics, no history of use, are organisms nominated based on their relative abundance in a certain
health phenotype. Alterations in diversity as well as imbalances in the ratio of harmful to beneficial
microbes are associated with several disorders and diseases. Administration of the probiotic strains in
sufficient quantities may recapitulate the health phenotype.
An example of a current NGP candidate is Butyricicoccus pullicaecorum, which has been shown to be
one of the depleted butyrate-producing taxa in humans with inflammatory bowel disease and in chickens
suffering from intestinal inflammation. Oral administration of B. pullicaecorum to rats in which colitis was
induced by TNBS resulted in a significant improvement of both macro- and microscopic colonic damage.
Recently, a placebo-controlled crossover study was published in which the intake of B. pullicaecorum
by healthy participants was shown to be safe and well tolerated. In-feed supplementation of B.
pullicaecorum increased the efficiency of chickens to convert the feed into body weight gain and reduced
the abundance of some potentially important opportunistic pathogens in the caeca and ileum. Supporting
evidence for its safety has been obtained from studies in mice. Similar to other potential NGP, B.
pullicaecorum is very sensitive to oxygen, making the large-scale production more challenging.
Nevertheless, there is a clear potential for the use of strains from this species as next-generation
probiotics. In a ‘One Health’ approach, in which public health is protected by the collaborations between
different actors, using these novel probiotics to reduce antimicrobial usage can be of high importance.
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METABOLIC CONSEQUENCES OF GUT DYSBIOSIS IN COMPANION ANIMALS
Jan Suchodolski
Department of Small Animal Clinical Sciences, Texas A&M University, USA
jsuchodolski@cvm.tamu.edu
Studies have reported changes in microbial communities in canine gastrointestinal diseases, especially
in inflammatory bowel disease (IBD). Most commonly observed are decreases in the bacterial phyla
Firmicutes and Bacteroidetes, with concurrent increases in Escherichia coli. Wide scale and untargeted
measurements of metabolic products derived by the host and the microbiota in intestinal samples allow
a better understanding of the functional alterations that occur in gastrointestinal disease. For example,
changes in bile acid metabolism, short-chain fatty acid concentrations, and tryptophan pathways have
recently been reported. Some of these pathways can be modulated by microbiota restoration therapy
via faecal transplantation. This approach may lead to recognition of specific bacteria that could be
isolated as future probiotic strains.
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A PEDIOCOCCUS STRAIN TO RESCUE HONEYBEES BY DECREASING NOSEMA CERANAEAND PESTICIDE-INDUCED ADVERSE EFFECTS
E. Peghaire1, A. Moné1, F. Delbac1, F. Chaucheyras-Durand2 and Hicham El Alaoui1
1Laboratoire

Microorganismes: Génome et Environnement, Université Clermont Auvergne, France and
France
hicham.el_alaoui@uca.fr
2Lallemand,

Honeybees ensure a key ecosystemic service by pollinating many agricultural crops and wild plants.
However, since few decades, managed bee colonies are declining worldwide. This phenomenon and
the origin is considered to be multifactorial, with a strong emphasis on both parasites and pesticides.
Indeed, foraging activity exposes bees to multiple biotic (pathogens, parasites) and abiotic (pollutants,
pesticides) stressors. Infection by the parasite Nosema ceranae and exposure to pesticides can
contribute to gut dysbiosis, resulting in a perturbation of the honeybee physiology. We thus hypothesised
that probiotic treatment could be promising to treat or prevent these disturbances.
The aim of this study was to evaluate the effects of probiotics on N. ceranae-infected and intoxicated
honeybees (by the insecticide thiamethoxam and the fungicide boscalid). For this purpose, experiments
were conducted with five probiotics (Saccharomyces cerevisiae, S. boulardii, Lactobacillus plantarum,
Bacillus pumilus and Pediococcus acidilactici). P. acidilactici (PA) showed the best protective effect
against the parasite and pesticides. PA significantly improved the infected honeybee lifespan as
prophylactic and curative treatments (respectively 2.3-fold and 1.7-fold). Furthermore, the exposure to
pesticides induced an increase of honeybee mortality compared to the control group (P<0.001) that was
restored by the PA treatment. We also analysed the gut microbiota by high throughput RNA sequencing
and midgut transcriptional changes by quantitative PCR. Despite its beneficial effect on honeybee
lifespan, the PA administration did not induce changes in the gut bacterial communities (neither in
abundance or diversity). However, N. ceranae and the pesticides were shown to deregulate genes
involved in honeybee development (vitellogenin), immunity (serine protease 40, defensin) and
detoxication system (glutathione peroxidase, catalase), and these effects were corrected by the PA
treatment. This study highlights the promising use of P. acidilactici to protect honeybees from the
pathogen N. ceranae and pesticides.
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PREVENTING CAMPYLOBACTER INFECTION BY LACTOBACILLUS GASSERI
Keita Nishiyama
Department of Microbiology, School of Pharmacy, Kitasato University, Japan
nishiyamak@pharm.kitasato-u.ac.jp
Campylobacter jejuni, one of the most common causes of gastroenteritis in the world, is transmitted to
humans through poultry. Our previous data demonstrated that Lactobacillus gasseri SBT2055 could
reduce C. jejuni 81-176 infection in human epithelial cells in vitro, and inhibit pathogen colonisation of
chicks, suggesting that L. gasseri SBT2055 adhesion and/or co-aggregation phenotype mediated by
cell-surface aggregation-promoting factors (APFs) may be important for the competitive exclusion of C.
jejuni [1].
Here, we show that cell surface-associated APF1 promoted L. gasseri SBT2055 self-aggregation and
adhesion to human epithelial cells and exhibited high affinity for an extracellular matrix component
fibronectin. APF1 was also involved in L. gasseri SBT2055-mediated inhibition of C. jejuni adhesion to
and invasion of epithelial cells and chick colonisation, as evidenced by the absence of such effects in
the apf1 knockout mutant. In addition, we demonstrated functional differences between APF proteins;
although APF2 promoted co-aggregation of L. gasseri SBT2055 and C. jejuni 81-176, similar to APF1,
it did not inhibit C. jejuni 81-176 infection. Our data suggest a pivotal role for APF1 in mediating L.
gasseri SBT2055 interaction with human intestinal cells and inhibiting C. jejuni colonisation of the
gastrointestinal tract. We thus provide new insight into the beneficial effects of probiotics and
mechanisms of competitive exclusion in poultry in order to reduce the C. jejuni burden and transmission
to humans [2,3].
References
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2. Nishiyama, K. et al., 2015. Molecular Microbiology 98: 712-726.
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MILK PREBIOTICS FOR GUT AND MICROBIOTA DEVELOPMENT IN PRETERM NEONATES –
EXPERIENCE FROM PRETERM PIGS
Stine Brandt Bering
Department of Veterinary and Animal Sciences, University of Copenhagen, Denmark
sbb@sund.ku.dk
Human milk oligosaccharides (HMOs) are considered to play a significant role in the health benefits of
breastfeeding in newborn infants. These HMOs are complex, non-digestible sugars that serve as
prebiotic substrates for selected microbes but may also function as soluble decoy receptors for specific
pathogens and dietary immunomodulatory components. In line with addition of other prebiotics such as
fructo-oligosaccharides and galacto-oligosaccharides to infant formulas, recent development in
synthesis and isolation of HMOs now makes supplementation of HMOs to infant formulas feasible.
Immaturity of the gastrointestinal tract in preterm infants leads to difficulties in tolerating enteral feeding
and bacterial colonisation after birth and a high sensitivity to necrotising enterocolitis (NEC). This is
particularly evident from formula feeding if breastmilk is not available or insufficient. Whether HMOs also
benefit gut health in preterm infants is unclear. The gut immaturity may potentially make preterm infants
respond different than term infants to prebiotics, due to the difficulties for the gut in coping with bacteria
within the first days of life. The gut microbiota is highly variable during the first weeks after preterm birth
and differs from that in term infants. A series of studies in preterm pigs, used as models for very preterm
infants, indicate that HMO supplementation to formula does not mature the gut or prevent NEC during
the first weeks after preterm birth. The beneficial prebiotic, decoy and immunomodulatory effects of
HMOs in human milk may depend not only on the human milk matrix, including several other beneficial
bioactive components, but also on a certain stage of digestive, microbiological and immunological
maturity of the gut. Particularly when supplemented to infant formula that in itself gives rise to adverse
gut responses. In the most immature preterm infants, supplementary HMOs may not become an
important protective factor for gut health until several weeks after birth. Effects in other organs, such as
the brain, may be more pronounced in early conditions of immaturity.
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TUESDAY 27 NOVEMBER 2018
SESSION 3
PROBIOTICS IN HEALTH AND DISEASE: WHAT FURTHER?
DIGGING FOR DIAMONDS: LACTOBACILLUS SPECIES AS UPPER RESPIRATORY TRACT
PROBIOTICS
I. De Boeck1, S. Wittouck1, K. Martens2, M. Van den Broek1, D. Vandenheuvel1, O. Vanderveken3,4
and Sarah Lebeer1
1Department

of Bioscience Engineering, University of Antwerp, Belgium, 2Department of Microbiology
and Immunology, University of Leuven, Belgium, 3Faculty of Medicine and Health Sciences, Belgium
and 4Antwerp University Hospital, Belgium
sarah.lebeer@uantwerpen.be
Upper respiratory tract (URT) infections have a major impact on public health and interest in the
microbiota in this niche and its role in health and disease has boomed within the last years. Chronic
rhinosinusitis (CRS) for instance is a common URT infection with a prevalence of 11% in Europe.
However, several patients cannot be cured with current therapies and too often multiple antibiotic
treatments are prescribed, consequently increasing antibiotic resistant strains and disturbing our normal
microbiota. The exact role of bacteria in the pathology of the disease is still lacking. Therefore, the
analysis of the URT microbiota and the role of beneficial microbes might help to better understand the
role of bacteria in the disease.
In this study, we aimed to characterise the healthy versus diseased microbiome (chronic rhinosinusitis
patients) of the upper respiratory tract, by MiSeq (Illumina) 16S rRNA gene amplicon sequencing and
cultivation-dependent methods. After extensive comparison of the microbial community in the URT of
100 healthy individuals and 200 CRS patients, our data indicate that the bacterial diversity in the URT
is significantly higher in healthy individuals compared to CRS patients. Of interest, the number of
Lactobacillus species were significantly higher in healthy individuals, from which we isolated several of
these species, followed by screening of their beneficial effects. One of our isolates, Lactobacillus casei
AMBR2, shows promising results as URT probiotic due to (i) good adherence capacity to airway cells,
(ii) antipathogenic activity against important URT pathogens, (iii) immunomodulatory properties, and (iv)
barrier-enhancing effects in vitro, ex vivo and in a mouse model. Further clinical validation is needed to
substantiate its safety upon nasal application and its probiotic potential in the URT.
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THERAPEURIC PROBIOTIC USE IN DERMATOLOGICAL DISEASES: THE SKIN-GUT AXIS
Vicente Navarro-López
Department of Clinical Medicine, Universidad Católica San Antonio de Murcia, Spain
vnavarro@ucam.edu
The world of microbiota in skin pathology has created great interest since some cutaneous diseases
have a high prevalence of intestinal symptoms and disease. In this line of work, our research group has
conducted two clinical trial interventions with the use of probiotics in diseases, such as atopic dermatitis
and psoriasis, showing very encouraging data on the efficacy of probiotic to improve the severity of
these illnesses.
In a first randomised, double-blind study compared to placebo, a specific probiotic mix was used to
modulate the intestinal microbiota of patients with atopic dermatitis. Researchers demonstrated in this
work a beneficial effect of probiotic use on the intensity and extension of the skin lesions that appeared
in these patients as a co-adjutant treatment to the usual treatment. This clinical improvement was
accompanied by improvement in the parameters of systemic inflammation in peripheral blood samples.
In addition, the analysis of the intestinal microbiota by sequencing the RS16 gene carried out before the
intervention showed an important dysbiosis. This alteration of the gut microbiota was normalised at the
end of the intervention in patients receiving the probiotic while remaining altered in the placebo group.
One of the most important data of the study was related to the use of corticosteroids for this disease
because in the probiotic group there was a decrease in the number of days that patients applied the
treatment, especially in the second half of the study. The conclusions of this work, recently published
[1], have been the subject of editorial comment in the same issue. The editors asserted that this probiotic
mix should be considered from this publication onwards as part of the treatment of patients with atopic
dermatitis.
The second clinical study to be presented is related to the presence of bacterial translocation of intestinal
origin described by the same group in 2015 in a cohort of patients with psoriasis. A clinical trial was
carried out with 90 adult patients with psoriasis. The results showed in this case a benefit in the group
of patients treated with another probiotic mix with high anti-inflammatory capacity. The differences in the
percentage of patients that are considered as ‘response to treatment’ in a period of 12 weeks are 47%
in the placebo group versus 70% in the probiotic group. Data on the intestinal microbiota have been
reported this year in a scientific report and soon the final results of this clinical trial will be published.
The research group is currently working on other cutaneous pathologies with preclinical and clinical
studies that will be briefly discussed.
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CAN COMMON ORAL DISEASES BE CONTROLLED USING PROBIOTICS?
Robert Allaker
Institute of Dentistry, Queen Mary University of London.
r.p.allaker@qmul.ac.uk
Probiotics have been investigated to control periodontal diseases, dental caries and halitosis (oral
malodour). Clinical studies have shown that probiotics when allied to conventional periodontal treatment
can ameliorate microbial dysbiosis and produce significant improvement in clinical indicators of disease.
However, this effect is often not maintained by the host after the end of probiotic use. Probiotics also
show effects in treating caries and halitosis but are also often limited. Novel approaches based upon
replacement therapy and using highly abundant health-associated oral species, including nitratereducing bacteria, have been suggested to improve persistence of probiotic strains and maintain oral
health benefits. In general, probiotics have potential in the management of multifactorial diseases such
as the periodontal diseases and caries, by more effectively addressing the host-microbial interface to
restore homeostasis that may not be achieved with conventional treatments.
References.
1. Allaker, R.P. and Douglas, C.W.I., 2015. Virulence 6: 196-207.
2. Allaker, R.P. and Stephen, A.S., 2017. Current Oral Health Reports 4: 309-318.
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LACTOBACILLUS RHAMNOSUS LGG® – HOW MODE-OF-ACTION STUDIES HELP US
UNDERSTAND CLINICAL BENEFITS
Anita Wichmann, M.S. Jensen, Y. Chen, A. Baker
Microbiome & Human Health Innovation, Chr. Hansen A/S, Denmark
dkawgu@chr-hansen.com
Lactobacillus rhamnosus GG (LGG®) was originally isolated from a human faecal sample by Sherwood
Gorbach and Barry Goldin in 1985 and was identified as a potential probiotic based on its good acid and
bile tolerance, adhesion capacity and growth characteristics [1]. Since its introduction into the
commercial market in 1990, LGG® has become one of the most widely marketed and studied probiotic
strains. L. rhamnosus GG has been tested in numerous clinical trials and shown beneficial effects in a
variety of indication areas including shortening the duration of acute infectious diarrhoea [2], preventing
development of atopic dermatitis [3,4], increasing tolerance to cow’s milk in allergic infants [5], and even
eliminating colonisation of vancomycin-resistant enterococci (VRE) [6,7].
In addition to the clinical studies, a large number of genomic and in vitro studies have been conducted
on L. rhamnosus GG in an effort to understand its mode of action. For example, the genome contains
genes encoding proteins that are important for probiotic functions, including the major secreted proteins
Msp1/p75 and Msp2/p40, and the pilin subunits SpaC, SpaB and SpaA [8]. The pili of L. rhamnosus
GG, which are encoded by the spaCBA gene cluster, seem to be particularly important for its probiotic
properties. In vitro experiments have shown that the pili are important for mucus adhesion [9], immune
interactions [10], and possibly the elimination of VRE colonisation via a competitive exclusion
mechanism [11].
Genome instability in L. rhamnosus GG isolated from some commercial products has been reported,
where deletions were observed in the regions encoding the spaCBA genes [12]. Given the importance
of the pili for mucus adhesion and persistence in the intestine, as well as for immune interactions, loss
of the spaCBA genes would imply a reduction or loss in efficacy of L. rhamnosus GG. Recently we
investigated genome stability of inoculation material and different batches of LGG® produced in an
industrial process at Chr. Hansen A/S. We analysed inoculation, pre-fermentation and final production
material from seven different production batches and did not find any deletions or SNPs. Thus, we
demonstrate that the genome of LGG® is remarkably stable throughout the industrial production
process.
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SESSION 4
PRE- AND PROBIOTICS, MODULATION OF GUT MICROBIOTA, AND MORE
EARLY LIFE MICROBIOME INTERVENTIONS IMPACT LATER LIFE METABOLIC HEALTH IN
MICE
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and J. Knol1,4
1Nutricia
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In adult humans, the gut microbiome is associated with the metabolic health state, and perturbation of
the microbiome in early life can disturb health long-lastingly. Here, we investigated the effect of beneficial
early life microbiome interventions on adult metabolic health in male C57BL/6 mice. For this purpose,
we supplemented postnatal mouse diets with synbiotics (scGOS/lcFOS with Bifidobacterium breve M16V) until postnatal (PN) day 42, and challenged mice subsequently with Western-style Diet (WSD; 20%
w/w fat) until PN98. We characterised the metabolic phenotype of mice considering development of
body weight and composition, as well as markers for glucose homeostasis and lipid metabolism in
adulthood. To gain mechanistic insights, we assessed host transcriptomics of indicated tissues in
adulthood and determined the gut microbiota composition on PN21, PN42 and PN98. We observed that
WSD-induced excessive body weight gain and fat accumulation was mitigated by early life
supplementation with synbiotics, in two independent European animal facilities. Insulin resistance, liver
characteristics and markers for dyslipidemia were improved in synbiotic-supplemented mice on PN98.
Long-term effects on gene expression were most pronounced in the ileum and were indicated to relate
to lipid metabolic functions. Furthermore, we detected subtle synbiotics-induced differences in the gut
microbiota community profile, including increased Bifidobacterium abundance, both in early life and
adulthood. Transplantation of the modified microbiota after 6 weeks of synbiotics supplementation to
age-matched adolescent germ-free mice, did not transfer the beneficial phenotype with protection
against diet-induced metabolic derangements. This indicates that timing of beneficial microbiota
modulation is critical for achieving long-lasting beneficial and protective metabolic effects.
These studies show that early colonisation of the digestive tract by symbiotic microbes may be critical
for a healthy metabolic development and maintenance into adulthood. Furthermore, these results
highlight the potential to use beneficial microbiome modulation in early life to reduce obesity risk and
support lifelong metabolic health.
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SIGNATURES OF LONGEVITY IN THE GUT MICROBIOME
Silvia Turroni
Unit of Microbial Ecology of Health, Department of Pharmacy and Biotechnology, University of
Bologna, Italy
silvia.turroni@unibo.it
The gut microbiome is recognised to play fundamental roles in human physiology, by providing
additional metabolic capabilities, regulating the development and function of the immune system, and
modulating organ systems throughout the body. Endogenous or environmental variables, such as diet,
lifestyle, genetics and age, can shape the structure of the gut microbiome. With specific regard to age,
the gut microbial ecosystem describes a sort of developmental trajectory from infancy to adulthood and
old age, featuring hallmark characteristics in the different phases of life. In particular, studies on the
elderly gut microbiome are consistent in reporting low biodiversity, enrichment in opportunistic bacteria
and reduction in short-chain fatty acid producers, which could contribute to the age-related functional
decline. However, a unique biological footprint, with distinctive signatures at both compositional and
functional level, was found in the gut microbiome of extremely elderly people (i.e., centenarians and
semi-supercentenarians), providing a fascinating glimpse of possible aging-supportive/longevityadapted microbial communities and functions, which might contribute to increasing healthspan and
lifespan, thus attaining longevity.
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LIVE BIOTHERAPEUTIC STRATEGY TARGETING FUNCTIONAL DYSBIOSIS: A NEW INSIGHT
FOR IBS PATIENTS
Laureen Crouzet1,2, C. Habouzit1,2, C. Del’homme2, A. Stevenson1 and A. Bernalier-Donadille2
14D

pharma plc, UK and 2UCA-INRA UMR454 MEDIS, France
laureen.crouzet@4dpharmaplc.com
Alterations of both intestinal microbiota composition and visceral sensitivity are two features of irritable
bowel syndrome (IBS). A functional dysbiosis within IBS gut microbiota was shown to induce visceral
hypersensitivity in IBS-gut microbiota associated rats (IBS HMA-rats) [1]. We demonstrated changes in
metabolic activity of hut microbiota, correlated with increase in visceral sensitivity, in absence of
inflammation or modification of other colon mucosal parameters. In recent study, we investigated the
potential utilisation of Blautia hydrogenotrophica, a reductive acetogen, as a new strategy to correct the
IBS gut microbiota dysbiosis to restore normo-sensitivity in the colon. B. hydrogenotrophica uses
hydrogen to form acetate. So, we postulated that B. hydrogenotrophica can contribute to reduce H2
concentration as well as sulphides through competition for H 2 with SRB.
The impact of B. hydrogenotrophica administration on gut microbiota dysbiosis and visceral
hypersensitivity was evaluated in IBS-HMA rats receiving a daily dose of the strain for a 14 days period.
Administration of B. hydrogenotrophica was shown to advantageously restore gut microbiota
composition that is altered in IBS. The treatment increased Roseburia-E. rectale group level while it
decreased Enterobacteriaceae and SRB populations. Consequently, the metabolic activity was reestablished particularly gases metabolism: treated IBS-HMA rats produced less hydrogen and
sulphides but more caecal butyrate. Encouragingly, the response to colorectal distension was
normalised in animals receiving B. hydrogenotrophica, becoming similar to that measured in healthy gut
microbiota rats. These overall results underlying the essential role of gut microbiota in IBS and
demonstrate the great potential of B. hydrogenotrophica for treating visceral hypersensitivity by
correcting gut microbiota dysbiosis.
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THE BUILDING BLOCKS FOR A RATIONAL DESIGN OF FAECAL TRANSPLANTS
Olaf Larsen
Yakult Nederland and Athena Institute, VU Amsterdam, the Netherlands
olarsen@yakult.nl
Although the gut microbiota has been studied intensively for the last decades, the understanding of the
fundamental mechanisms underlying signal transduction between the microbial species is still in its
infancy. In this lecture, results will be shown that explain these fundamental signalling pathways from a
first order perspective using elementary graph (network) theory. Using this approach, the mechanistic
rationale underlying the empiric notion that a higher microbiota richness is linked to a more robustness
can be elucidated. Moreover, recent results provide ingredients to rationally design faecal transplant
analogues, also providing a mechanistic bridge from probiotic single strain to multi-strain preparations.
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IMPACT OF ORAL FORMULATIONS ON THE SURVIVAL OF A LACTOBACILLUS STRAIN AND
MODULATION OF GUT MICROBIOTA UNDER SIMULATED HUMAN DIGESTIVE CONDITIONS
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Beneficial effects of probiotics on health depends on their viability during transit in the gut and their
ability to modulate gut microbiota. The aim of this study was to assess whether specific galenic
formulations that protect probiotics against digestive stresses could improve the survival of probiotics
during gastrointestinal (GI) transit. As in vivo studies in human are hampered by technical, ethical and
cost reasons, a relevant alternative approach includes the use of artificial digestive systems. The
objective of this work was to study the influence of various oral forms of Lactobacillus salivarius LA 307
strain on its survival throughout the simulated human GI tract and its ability to modulate human gut
microbiota. Three oral formulations were tested in triplicate: powder, capsule and sustained-release
tablet. Human GI conditions were reproduced by two complementary in vitro models: the TNO
gastrointestinal (TIM) model which closely simulates the physicochemical conditions found in the human
stomach and small intestine, and the artificial colon (ARCOL) which integrates the main biotic and abiotic
parameters of the human colonic environment. Viability of L. salivarius LA 307 was investigated by
plating or by propidium monoazide (PMA)-qPCR analysis. In addition, samples of fermentative medium
from ARCOL were daily taken to determine microbiota composition through Illumina Miseq sequencing
(16 rDNA) and metabolic activities by measurement of short chain fatty acids and gases.
L. salivarius LA 307 strain survival rate was influenced by the galenic form, especially in the upper GI
tract. In the stomach compartment of the TIM model, no or a low number of bacteria was released from
the capsule and sustained-release tablet, confirming their gastro-resistance. The capsule was
disintegrated in the jejunum approximately 76 min after administration whereas the sustained-release
tablet was still present in the ileal effluents at that time. At the end of digestion in the TIM model (4 h),
the overall survival percentages of LA 307 strain were 0.003% ± 0.004, 2.8% ± 0.6 and 17.0% ± 1.8
(n=3) for powder, capsule and tablet, respectively. In the ARCOL model, we could not observe any
influence of the galenic formulation on probiotic survival. Nevertheless, the amount of probiotic tended
to be higher in the post-treatment phase with the tablet compared to the capsule.
In conclusion, this study showed that the highest viability of L. salivarius LA 307 strain was obtained
with the sustained-release tablet, especially in the upper GI tract. We also showed the usefulness of the
TIM and ARCOL systems for the pre-screening of probiotic pharmaceutical forms. These models may
also be useful to assess the effects of various food matrices and different target populations with
impaired GI conditions (infants, patients, etc.) on probiotic survival and activity throughout the entire
length of the GI tract.
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UNRAVELLING METABOLIC AND XENOBIOTIC INTERACTIONS OF THE HUMAN GUT
MICROBIOTA
Kiran Raosaheb Patil
Structural and Computational Biology Unit, European Molecular Biology Laboratory, Germany
patil@embl.de
The composition of the human gut microbiota is closely connected with both health and disease. It is
influenced by several host factors including the immune system and life style, as well as by metabolic
cross-feeding among different bacterial species. Recent studies suggest that human targeted drugs can
also influence the microbiome composition and the microbial community can in turn affect the drug
availability and efficacy. Yet, the inter-species and drug-bacteria interactions remain largely unknown. I
will present the results from a collaborative project at EMBL aimed at systematic characterisation of
inter-species and drug-bacteria interactions. Our results reveal the hitherto unknown extensive drugbacteria interaction landscape and have implications for understanding drug side effects, mode of action
and personalised medicine.
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TUESDAY 27 NOVEMBER 2018
SESSION 5
RECENT ADVANCES IN METHODS AND MODELS FOR BENEFICIAL MICROBES
DEVELOPING A STATE-OF-THE-ART EX VIVO MODEL TO STUDY BACTERIAL PROBIOTIC
EFFECTS USING HUMAN MINI-GUTS
Jesper Strickertsson
Microbiome & Human Health Innovation, Chr. Hansen A/S, Denmark
dkjstr@chr-hansen.com
We aim to develop an ex vivo screening platform using organoids derived from healthy human small
intestine, to scientifically document the effects of probiotic bacteria and to identify new microbes with
probiotic effects. A central problem in the development of probiotics is that no existing method allows us
to discover, test and document the physiological effect of probiotics in relevant human systems. Current
probiotics discovery is based on empirical testing on human cancer cell line Caco-2, or in mouse/rat
models. While human cancer cells are easy to work with, their similarity to cells in a functional human
gut is limited, and they fail to recapitulate the complexity of the human gut. Animal studies have the
advantage of relying on a physiological context but are unsuitable as a discovery platform due to high
costs and ethical concerns. Alternative models of human gut are therefore required to enable us to
identify new probiotics based on scientific merits and for this we use human derived organoids from the
small intestine. Organoids are three-dimensional cell culture systems of organ-specific cell types that
develop from stem cells and self-organise through cell sorting in a manner similar to the situation in vivo.
As part of developing our screening platform, we aim to compare organoid transcriptional responses
with in vivo transcriptional responses to probiotic bacteria. To do this a clinical trial was performed on
27 healthy volunteers receiving LGG or placebo in a semi-blinded randomised cross-over study. 2 hours
after ingestion of LGG or placebo 6 biopsies were taken via endoscopy from two sites in the small
intestine (duodenum and jejunum). From 1 biopsy/site RNA was extracted, and RNA sequencing
(RNAseq) was performed to measure individual in vivo transcriptional responses to LGG. In addition,
crypts from a pool of 5 small biopsies were isolated, and organoids were grown from 26 different
individuals. To establish our ex vivo screening platform, we will perform co-culture experiments on
organoids stimulated with LGG and map the individual transcriptional responses using RNAseq. We will
furthermore compare the organoid/LGG ex vivo responses to the in vivo responses of the individual from
where the cells were isolated. This will allow for the identification of, and differentiation between,
individual probiotic responses and general probiotic responses. This platform will form the basis for
identifying microbes with probiotics effects, which will benefit the majority or specific subsets of the
human population.
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REAL-TIME NON-INVASIVE OPTICAL IMAGING AND QUANTIFICATION OF PROBIOTIC BSH
ACTIVITY IN VITRO AND IN VIVO
Elena Goun, P. Khodakivskyi and C. Lauber
Laboratory of Bioorganic Chemistry and Molecular Imaging, Institute of Chemical Sciences and
Engineering, Swiss Federal Institute of Technology, Switzerland
elena.goun@epfl.ch
Microbial bile salt hydrolase (BSH) activity is required for the conversion of primary to secondary bile
acids (BA) and represents an important function of BA homeostasis. The ability of probiotic strains to
tolerate BA is one of the important criteria for strain selection and many probiotics are therefore contain
genes encoded for BSH activity. Importantly, the BSH activity of probiotics had been widely shown to
mediate multiple beneficial effects to the host including lowering of plasma cholesterol levels and
gallstones formation. In addition, high levels of cloned BSH expression in the GI tracts have been shown
to influence many other physiological processes of the host such as weight gain, cellular circadian
rhythms, as well as cellular homeostasis and immune function
Probiotic strain selection has generally been based on in vitro tolerance of physiologically relevant
stresses, e.g., low pH, elevated osmolarity, and bile. However, none of these ex vitro tests reflect the
true complexity of the gut microbiota in vivo making selection of beneficial probiotic strains very complex
and inefficient. For example, the only tools available for the quantification of BSH activity of bacteria
involve colorimetry of free amino acids and genetic prediction from annotated genome sequences. The
first methodology suffers from low sensitivity, necessity of invasive sampling and is not suitable for noninvasive real-time in vivo analysis. The application of latter technology to study BSH activity is limited by
poor understanding of gene-function relationship. Therefore, development of novel methodologies for
the quantification of BSH activity both in vitro and in vivo are of significant interest for selection of novel
BSH positive probiotic strains. To develop sensitive and easy-to-use tools to image BSH activity both in
vitro and in vivo, we chose bioluminescent imaging (BLI). BLI has a high sensitivity, an outstanding
signal-to-noise ratio, and other favourable properties for non-invasive in vivo imaging. It works by
exploiting luciferase catalysed light production via the oxidation of small molecule substrates (luciferins)
when the enzyme is expressed as a reporter. In order to adopt this technology for imaging of BSH
activity we designed a series of bile acid caged luciferins (BACL) imaging reagents for
chenodeoxycholic, deoxycholic, lithocholic and cholic bile acids. These probes were successfully
validated in purified enzyme, live bacteria, mammalian cell-based assays, as well as in animals. We
have demonstrated that the optical signal from the BACL probes strongly differentiates the amount of
BSH activity of BSH positive and BSH deficient Lactobacillus plantarum in culture and in mice
supplemented with live probiotics directly in vivo.
In conclusion, these novel bioluminescent BACL probes provide an accurate, quantitative and easy-touse tool for non-invasive imaging and quantification of bacterial BSH activity in vitro (ex. clinical samples)
and in vivo (live animals). This tool may facilitate the development and high throughput screening of
BSH-active probiotic cultures and provide accurate readout of their activity directly in living animals
taking into account all the complexity of gut microbiota environment.
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LESSONS FROM CAENORHABDITIS ELEGANS: LACTOBACILLUS BREVIS INCREASES
LIFESPAN VIA THE INNATE IMMUNE SYSTEM
M.O. Hesselager, R.H. Harders, M.G.M. Mørch, K.V. Møller and Anders Olsen
Department of Chemistry and Bioscience, Aalborg University, Denmark
ao@bio.aau.dk
A wealth of links between the gut microbiota and health is currently being discovered (i.e., obesity,
diabetes, allergy, cancer, immunity, mental health and even aging) in humans, animals and plants. In
order to modulate the composition of the microbiota and thereby influence host health, probiotics have
been widely studied. Many positive effects of probiotics have been reported. However, we need to better
understand the host responses to fully exploit the beneficial potential of probiotics. To discover new
probiotic bacteria and gain further insight into their molecular mechanisms of action, we use
Caenorhabditis elegans as model organism. C. elegans is a transparent, short-lived, self-fertilising
nematode with many of the same basic anatomical features as higher organisms, including an intestinal
tract and an immune system. Many human gene homologues have been identified in the C. elegans
genome, allowing the study of conserved pathways. C. elegans is particularly well suited for hostbacterial studies as their natural diet consists of bacteria.
We collaborate with DuPont Nutrition Biosciences Aps, who provided 125 Lactobacillus (LAB) strains.
We tested their health promoting effects in C. elegans by focusing on lifespan extension. We established
a C. elegans lifespan screening protocol and identified 15 LAB strains with life-extending effects. Via
epistasis analysis, we found that one Lactobacillus. brevis strain increases longevity dependent on the
p38 MAP kinase PMK-1, which is part of the innate immune system. Using a reporter strain expressing
GFP-tagged PMK-1 we found that PMK-1 levels are increased following treatment with that L. brevis
supporting the epistasis analysis. The innate immune system offers protection against pathogenic
bacteria and we thus predicted that the probiotic bacteria could also increase resistance towards
pathogenic bacteria. Many different pathogenic bacteria can colonize the intestine of C. elegans and
eventually kill the animals. We examined two different pathogens: methicillin-resistant Staphylococcus
aureus (MRSA) and a mammalian F18 fimbriated enterotoxigenic E. coli (F18 ETEC) strain. We found
that both the MRSA and F18 ETEC bacteria are pathogenic to C. elegans and dramatically shorten their
lifespan. By pre-treating worms with L. brevis before pathogen encounter, we obtained significant
protection against MRSA-induced killing but not ETEC killing. Interestingly, not all LAB strains, in fact
not all L. brevis strains, increase lifespan and confer protection against MRSA. Hence, the mechanisms
by which L. brevis exerts probiotic effects are highly strain-specific.
To uncover the involved host responses, we have performed comparative proteome analysis of C.
elegans treated with a probiotic L. brevis strain and one without effect using LC-MS/MS mass
spectrometry. The regulated biochemical pathways will be discussed.
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EFSA COMPLIANT GENOME SCREENING OF BACTERIAL STRAINS
Derek Butler and Tom van den Bogert
BaseClear, the Netherlands
tom.vandenbogert@baseclear.nl
The procedure to have probiotics approved has become more strict in recent years. As a consequence,
the number of steps of analysis to be taken has increased, which can become a (financial) burden for
companies that want to market their products. Though EFSA has provided guidelines to perform the
characterisation of feed additives containing microorganisms or produced with microorganisms, the
analysis is often technically demanding with a necessity for expertise to interpret the outcome.
BaseClear helps with completing the application dossier to regulatory bodies. First of all, this starts by
completing the genome of the bacterial strain of interest using dedicated sequencing platforms, including
Illumina and PacBio. Using the genome sequence, the strain can be further identified. Furthermore, the
chromosomal and plasmid derived DNA sequences are screened for genes coding for or contributing to
resistance to antimicrobials and virulence genes using curated databases (e.g., CARD). Using the
standard genomic and bioinformatic solutions provided by BaseClear, the EFSA application dossier can
be completed and ready for submission.
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WELCOME TO YOU AND YOUR 39 TRILLION BACTERIA: MICROBIOME ANALYSIS IN HEALTH
AND DISEASE
Patricia Vera-Wolf
uBiome, Chile
patricia.vera.wolf@ubiome.com
Since the Human Microbiome Project characterised the microbiota of different body sites from healthy
subjects, multiple efforts have been made in order to elucidate the impact of the microbiome on our
health. In this context, uBiome is a leading microbial genomics company that in collaboration with tens
of thousands of citizen scientists, has built the largest human microbiome database. With this
information, we developed clinical products to detect different microbial taxa in gut and vaginal samples
using self-sampling kits, which can be performed at home in a couple of minutes. The samples are
processed using our patented precision sequencing method that consist of three major steps: DNA
extraction, amplification of V4 region from 16S rRNA gene, and sequencing with Illumina platform. All
sequence information is processed through a bioinformatics pipeline that aligns the amplicons to a
manually curated reference database and assigns taxonomic counts and relative abundance per
sample. Results are reported as clinically validated microbial profiles relative to reference ranges defined
from healthy subjects. In the case of gut samples, out-of-range microbes associated to gut conditions
such as irritable bowel syndrome (IBS), Crohn´s disease or ulcerative colitis are reported. For vaginal
samples, microbial profiles related to bacterial vaginosis as well as the genotyping of high and low risk
HPV strains and common STIs (chlamydia, gonorrhoea, syphilis, and Mycoplasma genitalium) are
provided. Beneficial taxa are also identified, such as probiotics and healthy bacteria, to improve people's
lifestyle and boost their wellness.
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ENGINEERING MICROBES TO RECORD TEMPORAL BIOLOGICAL INFORMATION WITH THE
CRISPR-CAS IMMUNE SYSTEM
Ravi Sheth
Department of Systems Biology, Columbia University, USA
rus2103@cumc.columbia.edu
Engineered cellular recording devices have powerful applications as environmental sentinels and as
tools for studying basic biology, for example within the highly complex and dynamic gut microbiome.
Biological processes are often dynamic, and correspondingly recording signals in the temporal domain
is a desirable capability of such devices. We describe a framework to store temporal biological
information directly into the genomes of a cell population. A ‘tape recorder’ is developed in which
biological signals trigger intracellular DNA production that is then recorded by the CRISPR-Cas
adaptation system in Escherichia coli. This approach enables recording of temporal metabolite profiles
at ~45μHz (6 h) resolution over four days and accurate reconstruction of temporal and lineage
information by sequencing CRISPR arrays. In addition, the stored information is stable in cell
populations over 50 generations of propagation. We further develop a multiplexing strategy to
simultaneously record the temporal availability of metabolites over time and demonstrate accurate
reconstruction of environmental exposure profiles to copper, trehalose and fucose over three days.
Finally, we are applying this approach to sentinel applications in the gut microbiome. Our framework,
temporal recording in arrays by CRISPR expansion (TRACE), enables the temporal measurement of
dynamic cellular states and environmental changes and suggests new applications for chronicling
biological events on a large scale.
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TUESDAY 27 NOVEMBER 2018
PLENARY MEETING
POSTBIOTICS – WHAT ELSE?
THE BIRTH OF POSTBIOTICS: HARNESSING THE POWER OF FERMENTATION
Seppo Salminen1, M.C. Collado2 and G. Vinderola3
1Functional

Foods Forum, Faculty of Medicine, University of Turku, Finland, 2Department of
Biotechnology, IATA-CSIC, Spain and 3National University of Litoral-CONICET, Argentina
seppo.salminen@utu.fi
There are currently consensus definitions for probiotics and prebiotics and further consensus papers
are due for example for synbiotics. In all cases a panel of experts in microbiology, nutrition and clinical
research was convened by the International Scientific Association for Probiotics and Prebiotics (ISAPP)
to review the existing definitions and scope of probiotics and prebiotics. Consistent with the original
definitions of prebiotics, but aware of recent scientific and clinical developments, the panel updated the
definition of a prebiotic to ‘a substrate that is selectively utilised by host microorganisms conferring a
health benefit’. This expands the concept of prebiotics to include non-carbohydrate substances,
applications to body sites other than the gastrointestinal tract. Consensus in definitions is a challenging
target, but due to recent developments we now aim to define the term ‘postbiotics’ as the use of
postbiotic substances is increasing and also the scientific background is accumulating. Following careful
assessment of the literature characterising postbiotics we suggest the following definition: ‘Postbiotics
are bioactive compounds produced by micro-organisms by means of fermentation’. The definition
applies also to postbiotics for use by animals, whose need to maintain health and prevent disease is as
relevant as for humans. It is recognised that the term includes a large number of bioactive products of
bacterial metabolism and/or lysis of bacterial cells including inactivated bacterial cells and cell structures
and different combinations of all previously mentioned
The goal of the characterisation and the definition presentation is to aim at the appropriate use of the
term ‘postbiotic’ by relevant stakeholders so that consistency and clarity can be achieved in research
reports and regulatory matters including health claim assessment relating to postbiotics.
References
1. Gibson, G.R. et al., 2017. Nature Reviews Gastroenterology & Hepatology 14: 491-502.
2. Hill, C. et al., 2014. Nature Reviews Gastroenterology & Hepatology 11: 506-514.
3. Vinderola, G., 2008. Trends in Food Science & Technology 19: 40-46.
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SHAPING THE IMMUNITY WITH BUGS AND FRIENDS
Flavia Indrio
Department of Paediatrics, University of Bari, Italy
flaviaindrio1@gmail.com
It is now becoming clear that the early postnatal environment, including nutrition, is also a vital
determinant of adult health. Environmental exposures, such as early infant diet, are believed to make
an impact on the development and function of gut microbiota. The intestinal microbiota plays a critical
role in the establishment and maintenance of healthy immune responses. Delayed colonisation of the
infant gut with commensal bacteria or alterations in the microbiota profile are suggested to be strong
risk factors for the development of immune mediated chronic disorders such as allergic and autoimmune
diseases. Solid scientific arguments suggest that immune deviances later in life could be the
consequence of an inadequate bacterial pressure on the intestinal mucosa at the early stage. While the
role of epigenetics in postnatal programming of the neonate remains to be demonstrated, there appears
to be a window in which infants are vulnerable. Restoring the microbiota profile with a single bacteria
species, prebiotic or symbiotic may be effective in the prevention or treatment of allergic and
inflammatory diseases, but only if this occurs during the neonatal period. The exact mechanisms of
action for the mentioned functional food have yet to be fully understood, but it is hypothesised that the
biological function of symbiotic may be a result of epigenetic modifications that may explain the wide
range of the observed effects. Driving a change of colonisation during the first weeks of life through
giving prebiotic, probiotic or symbiotic may promote an improvement in intestinal permeability, visceral
sensitivity and mast cell density, and functional nutrient administration may represent a new strategy for
preventing disease later in life.
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CAN SPECIFIC POSTBIOTICS AND PREBIOTICS NURTURE THE INFANT GUT MICROBIOTA?
Sebastian Tims1, I. Renes1, J. Knol1,2, G. Roeselers1, on behalf of the FIPS, LIFE and INRA
TOXALIM study groups
1Danone-Nutricia

Research, the Netherlands and 2Laboratory of Microbiology, Wageningen University
& Research, the Netherlands
sebastian.tims@danone.com
Human milk contains many bioactive compounds and is known to positively modulate infant’s gut and
immune system. To mimic human milk functionality, different strategies and/or compounds have been
introduced in infant formulae. The most commonly used microbiome modulators in infant formulae are
oligosaccharides (prebiotics), live organisms (probiotics) or a combination of these two (synbiotics). A
more recent member of the ‘biotics’ family is called ‘postbiotics’; bioactive compounds produced by foodgrade micro-organisms in a fermentation process.
Here, we will present results from two clinical studies (Dutch Clinical Trial Registration: NTR2521 and
NTR3455) with infant formulae containing prebiotics scGOS/lcFOS (0.8 g/100 ml, 9:1) and postbiotics
derived from a specific fermentation process (Lactofidus TM) that includes the activity of Streptococcus
thermophilus 065 (ST065) and Bifidobacterium breve C50 (BbC50). In these studies, we investigated
the efficacy and impact of this formula containing prebiotics and postbiotics on the infant microbiota
profile and functioning. Faecal sample analyses showed that at the end of the respective interventions
the infants consuming formula with the combination of prebiotics and postbiotics showed a saccharolytic
microbiota profile closer to what has been shown for breast-fed infants. Microbiota community profiling
by 16S rRNA gene sequencing and fluorescence in situ hybridisation (FISH) revealed that the
combination of prebiotics and postbiotics did not drastically alter the microbiota community structure.
However, a common finding across these clinical studies was a reduction of members of the Blautia
genus, which did not occur in the groups consuming formulae with either prebiotics alone or postbiotics
alone and was closer to findings in breast-fed infants. Further research is needed to establish the
biological relevance of these findings but given the specific acetogenic pathways known for cultured
members of the Blautia genus, the overall microbiota metabolism in the gut is expected to be impacted,
resulting in a more balanced microbial metabolome profile. Interestingly, when performing untargeted
faecal metabolomics on a subset of infants in one of the clinical trials, it was confirmed that the gut
metabolome profile in infants consuming the combination of pre- and postbiotics deviates less from the
breastfed reference group than infants on a standard control formula without pre- and postbiotics. These
results suggest that providing this formula with specific pre- and postbiotics aids in driving the gut
ecosystem towards a more breastfed-like situation.
Furthermore, some first insights into functional responses of the host to this combination of pre- and
postbiotics was assessed using a rodent physical restraint stress model, which is known to display
increased gut permeability and visceral hypersensitivity. Data from these experiments suggests that this
unique combination of pre- and postbiotics reduces gut hypersensitivity by normalizing the intestinal
epithelial barrier. Future research should give more insights into the link between gut epithelial barrier,
mucosal immune responses, gut sensitivity, and the impact of formula with pre- and postbiotics thereon.
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HEAT-KILLED LACTOCOCCUS LACTIS IMPROVES IMMUNITY AND PHYSICAL CONDITIONS
OF ATHLETES AFTER HIGH INTENSITY EXERCISE
Toshio Fujii
Research Laboratories for Health Science & Food Technologies, Kirin Co., Japan
tfujii@kirin.co.jp
Physical exercise affects the immune system in a dose-dependent manner. While regular moderate
exercise has the potential to enhance immune functions, prolonged high-intensity exercise (HIE), such
as marathon, reduces immune activity and increases the risk for upper respiratory tract infections
(URTI). It has been reported that the prevalence of URTI is about 65% of non-injury-related symptoms
in athletes after HIE. Lactic acid bacteria (LAB) are well-known food supplements to improve immune
function. Recently, it has been reported that Lactococcus lactis strain Plasma (LC-Plasma, synonym of
JCM 5805) activates plasmacytoid dendritic cells (pDCs), induces the production of IFN-α and the
expression of antiviral genes, and decreases the risk of URTI caused by viral infections.
In this study, we focused on the effects of HIE on the activity of dendritic cells (DCs) and the effects of
LC-Plasma administration during HIE. We performed a clinical study, which investigated the changes in
immunity parameters, including DCs, before and after HIE. We found that maturation markers on DCs
(CD86, HLA-DR) and the ratio of pDCs to DCs were more sensitive to HIE than other immunological
markers. We also conducted a double-blinded clinical trial to examine the effects of heat-killed LCPlasma administration during long term HIE. We found that CD86 on pDC was significantly increased
in the LC-Plasma group (P=0.013) after the test period. In addition, the cumulative number of days of
fatigue was significantly fewer in the LC-Plasma group (P=0.032). These observations suggest that the
activity of DCs is a key immune-factor associated with HIE and that administration of heat-killed LCPlasma reverses the immune reduction and improves the physical condition in athletes after HIE.
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WEDNESDAY 28 NOVEMBER 2018
PLENARY MEETING
PROBIOTIC MODULATION OF THE MICROBIOTA-GUT-BRAIN AXIS
GUT REACTIONS AND THE CULTURE OF STRESS: TOWARDS MICROBIAL MANAGEMENT OF
BRAIN FUNCTION AND BEHAVIOUR
Gerard Clarke1,2,3
1Department

of Psychiatry and Neurobehavioural Science, University College Cork, Ireland, 2APC
Microbiome Ireland, University College Cork, Ireland and 3INFANT Research Centre, University
College Cork, Ireland
g.clarke@ucc.ie
Accumulating experimental evidence from both preclinical and clinical studies supports the concept of
the gut microbiota-gut-brain axis as a key regulator of neural function and the stress response with
associated implications for human and animal health. Within this conceptual framework, the gut
microbiome can signal along the gut-brain axis to influence many fundamental aspects of brain function
and behaviour. This includes a major influence on host stress physiology as well as a broad range of
behaviours relevant to stress-related disorders including depression and anxiety. Stress exposures
across the life span can also alter microbiome-gut-brain axis signalling, including gut microbiome
composition and function, illustrating the bidirectional nature of this host-microbe dialogue. Research
efforts continue to identify the precise mechanisms underpinning these effects and possible routes of
communication include the vagus nerve, the neuroendocrine system and immune factors. There is now
an increasing focus on microbial regulation of tryptophan metabolism and the serotonergic system
arising from a number of key observations taken from a variety of strategies used to parse the role of
microbiota in brain function. These include germ free animals, antibiotic treatments, dietary
manipulations, probiotics and prebiotics. Microbiota-deficient animals in particular consistently show
alterations in the availability of tryptophan as well as serotonergic alterations in the gastrointestinal tract
and the CNS. Many of the behaviours influenced by the gut microbiota rely on intact serotonergic
neurotransmission and serotonin is a key stress-responsive neurotransmitter at both terminals of this
bidirectional communication network.
Taken together, these studies support the possibility of microbial-directed management strategies to
improve brain function and behaviour. To date, this approach has met with some success mixed with
failures to translate in healthy study participants. Further translational insights and well-controlled human
studies in stress-related disorders will be critical as we transition from promising preclinical research
towards mechanisms and therapeutic targeting of the gut microbiome in the clinical setting.
Acknowledgements
Research Support: GC is a faculty member of APC Microbiome Ireland and an associate investigator in
the INFANT research centre which are funded by Science Foundation Ireland (SFI; grant numbers:
SFI/12/RC/2273 and SFI/12/RC/2272 respectively). Other funding sources include the Health Research
Board (HRB) through Health Research Awards (grant numbers HRA_POR/2011/23 and HRA-POR-214-647). GC has also been supported by a NARSAD Young Investigator Grant from the Brain and
Behavior Research Foundation (Grant Number 20771) and by the by European Office of Aerospace
Research and Development/Air Force Office of Scientific Research (grant number FA9550-17-1-0016).
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BUGS IN AMYLOIDOSIS: THE GOOD, THE BAD AND THE UGLY
Taoufiq Harach
Reminisciences SA, Switzerland
taoufiq.harach@googlemail.com
Alzheimer’s disease is the most common form of dementia in the western world, however there is no
cure available for this devastating neurodegenerative disorder. Despite clinical and experimental
evidence implicating the intestinal microbiota in a number of brain disorders, its impact on Alzheimer’s
disease is not known. To this end we sequenced bacterial 16S rRNA from faecal samples of Aβ
precursor protein (APP) transgenic mouse model and found a remarkable shift in the gut microbiota as
compared to non-transgenic wild-type mice. Subsequently, we generated germ-free APP transgenic
mice and found a drastic reduction of cerebral Aβ amyloid pathology when compared to control mice
with intestinal microbiota. Importantly, colonisation of germ-free APP transgenic mice with microbiota
from conventionally raised APP transgenic mice increased cerebral Aβ pathology, while colonisation
with microbiota from wild-type mice was less effective in increasing cerebral Aβ levels. Furthermore,
inoculation of specific bacterial strains to APP transgenic mice significantly reduced Aβ amyloid
pathology strongly suggesting microbiota modulation impacts the development of amyloid pathology in
mice.
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POTENTIAL OF PROBIOTIC BIFIDOBACTERIUM IN THE PREVENTION OF COGNITIVE
IMPAIRMENT IN ALZHEIMER’S DISEASE
Jin-zhong Xiao
Next Generation Science Institute, Morinaga Milk Industry Co., Ltd. Japan
j_xiao@morinagamilk.co.jp
Bifidobacteria are one of the major components in human microbiota. Accumulating knowledge has
demonstrated a range of different health benefits of Bifidobacterium, such as improvement of intestinal
flora, anti-obesity, immune-modulation, and prevention of infections. Recently, there is accumulating
evidence suggests an association between gut microbiota and brain function (microbiota-gut-brain axis).
Alzheimer’s disease (AD) is one of the most prevalent neurodegenerative diseases, which is the most
common cause of dementia. It is becoming more important to prevent the onset of AD through improving
lifestyle or diet condition.
Based on these backgrounds, we explored the possibility of Bifidobacterium strains in preventing the
risk of Alzheimer’s disease (AD). We found that oral administration of Bifidobacterium breve strain A1
to AD mice reversed the impairment of alternation behaviour in a Y maze test and the reduced latency
time in a passive avoidance test, indicating that it prevented cognitive dysfunction. We also found that
non-viable component of the probiotics or acetate, which is a metabolite of Bifidobacterium, partially
ameliorated the cognitive decline. Furthermore, gene profiling analysis revealed that consumption of B.
breve A1 suppressed the hippocampal expressions of inflammation and immune-reactive genes, which
was induced in the brain of AD model mice. In addition, we conducted pre-clinical study among mild
cognitive impairment (MCI) people to explore the effect of B. breve A1 supplementation on dementia
prevention. We found that the probiotics consumption for 24 weeks positively affected cognitive function
and tended to improve psychological mood states. These data suggest the potential of B. breve A1 for
preventing cognitive impairment in AD.
This lecture will highlight latest data of B. breve A1 on AD and discuss the possible underlying
mechanisms and prospect of potential of probiotic Bifidobacterium in the prevention of cognitive
impairment of AD.
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HYPE OR REALITY: DOES GASTRIC HELICOBACTER CONTROL OUR MIND?
Roosmarijn E. Vandenbroucke
Center for Inflammation Research, Ghent University, Belgium
roosmarijn.vandenbroucke@ugent.be
The impact of our microbiome on our health has gained increasing attention. Recently, strong evidence
suggests that bacteria, including commensal, probiotic, and pathogenic bacteria, in the gastrointestinal
tract also influence our central nervous system (CNS) signalling systems. In our lab, we investigate
whether and how gastrointestinal inflammation and the presence of specific microbiota induce
neuroinflammation and inflammation-associated neurological dysfunction. Thereby, we mainly focus on
one specific CNS barrier, called the blood-cerebrospinal fluid (CSF) barrier, which is located in the
choroid plexus tissue in the CSF-filled ventricles of the brain. The blood-CSF barrier is a unique single
cell layer that consists of choroid plexus epithelial cells that form an interface between fenestrated
capillaries and CSF.
In our recent study, we showed that gastrointestinal Helicobacter suis infection in mice results in lowgrade systemic inflammation induced by increased gastrointestinal barrier permeability. Consequently,
this systemic inflammation has a negative impact on the blood-CSF barrier integrity resulting in
increased brain inflammation. Currently, we are studying whether this effect is exclusively occurring
upon H. suis infection or also in response to infection with other Helicobacter species. Additionally, it
still remains to be determined whether this increased neuroinflammation increases or lowers the
sensitivity to neurological disorders, such as Alzheimer’s and Parkinson’s disease.
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INFLUENCE OF THE GUT-MICROBIOTA-GUT-BRAIN-AXIS ON EMOTIONAL BEHAVIOR IN
QUAILS
Christine Leterrier et N. Kraimi
Physiology of Reproduction and Behaviour, INRA, France
christine.leterrier@inra.fr
The gut microbiota can communicate directly or indirectly with the host’s central nervous system and
influence its development and so the behavioural responses. These interactions have been called
microbiota-gut-brain axis. However, in birds, there is no study establishing the existence of this axis and
investigating its consequences. The aim of our studies was then to test the hypothesis that the gut
microbiota would have an influence on emotional reactivity in birds, i.e., on their propensity for
expressing emotional behaviour, and would affect their memory abilities. Japanese quail were used to
test this hypothesis since this bird is small and precocial which allows rearing into the isolators used to
control microbes in the environment.
We first used quail from two genetic lines with different fearfulness and they were either or not
supplemented with Pediococcus acidilactici as a probiotic from hatching. Probiotic supplementation had
no effect on most measures of emotional reactivity, except in the line with a low fearfulness where
emotional reactivity was reduced in the tonic immobility test when a supplementation was provided.
Regarding the memory test, quail fed with probiotic made fewer errors. In conclusion, the
supplementation with a probiotic affected a specific trait of emotional reactivity in one line and improved
memory in both lines [1]. Secondly, we demonstrated that the absence of gut microbiota leads to a
decrease in emotional reactivity in quails [2]. Thirdly, we also showed that two gut microbiota with distinct
bacterial composition could have different effects on emotional behaviour, plasma corticosterone levels,
and gene expression in the brain. Thus, these results allow us to affirm the existence of a microbiotagut-brain axis in birds.
References
1. Parois, S. et al., 2017. Behavioural Brain Research 331: 47-53.
2. Kraimi, N. et al., 2018. Frontiers in Physiology 9: 603.

58

7th Beneficial Microbes Conference
26-28 November 2018, Amsterdam, the Netherlands

MECHANISMS UNDERLYING MICROBIAL-MEDIATED CHANGES IN SOCIAL BEHAVIOR IN
MOUSE MODELS OF AUTISM SPECTRUM DISORDER
Mauro Costa-Mattioli
Department of Neuroscience and Memory and Brain Research Center, Baylor College of Medicine,
USA
costamat@bcm.edu
Traditionally, when we think about the etiology and symptomatology of autism spectrum disorder (ASD),
we think about the brain. However, recent discoveries that gut microbes could modulate brain function
and behaviour have added a whole new dimension to this classic view. Currently, there are no
medications that effectively treat the core symptoms of ASD. We recently found that the bacterial
species Lactobacillus reuteri reverses social deficits in maternal high-fat diet offspring. However,
whether the effect of L. reuteri on social behaviour is generalizable to other ASD models and its
mechanism(s) of action remain unknown. Here, I will discuss our recent findings related the study of the
effect of L. reuteri’s treatment in genetic, environmental, and idiopathic ASD models. In addition, we
began to identify the mechanism by which L. reuteri regulates a selective behaviour or disease state,
which represent one of the most important challenges in microbiome research. Finally, I would discuss
a set of defined and objective criteria for transitioning non-invasive microbial-based therapies into human
clinical trials.
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WEDNESDAY 28 NOVEMBER 2018
FINAL PLENARY MEETING
ADDRESSING THE POTENTIAL OF THE MYCOBIOME AND THE VIROME
THE GUT MYCOBIOME IN HEALTH AND DISEASE
Iliyan D. Iliev
Department of Microbiology and Immunology, Weill Cornell Medicine, USA
iliev@med.cornell.edu
The rapid development of deep sequencing and computational technologies has provided utmost
opportunities to explore the structure and functionality of microbial communities associated with our
body surfaces. Petabytes of microbial data generated worldwide have provided the scientific community
with a powerful mean to uncover how the microbiota residing within our bodies function. The bacteria
have been the primary focus of these efforts. Less data is currently available to similarly characterise
the fungal microbiota – the mycobiota. Nevertheless, recent studies have revealed that host-associated
fungal populations are also dynamic and responsive to environmental and pathophysiological changes.
Here, I will discuss how mucosal immunity responds and has been trained to distinguish a fungal
infection from fungal dysbiosis. I will define specific patterns associated with fungal dysbiosis and
changes in mycobiota diversity in the intestines. I will then focus on the role of intestinal fungal
community in regulation of immune responses, the outcomes of disruption of healthy mycobiome to the
host and on the mechanisms of innate immune recognition of intestinal fungi.
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THE MYCOBIOME: EXPLORING NEW WORLDS WITHIN
David Moyes
Centre for Host-Microbiome Interactions, King’s College London, UK
david.moyes@kcl.ac.uk
Over the past decade, the bacterial portion of the microbiome has been well characterised in a number
of health and disease states of man, including: Type 2 diabetes, liver cirrhosis, colon cancer, rheumatoid
arthritis and inflammatory bowel disease. In contrast, however, research into the mycobiome (the fungal
proportion of the microbiome) has been lacking. Despite the fact that they only make up a small
percentage of the total human microbiome in terms of species and genes, their biomass is estimated to
be significant. As such the field of mycobiome research is still in its infancy. In fact, a recent PubMed
search for the term ‘mycobiome’ identified a total of 226 publications, 92 of which were published in the
past year.
Extraction of fungal nucleic acids and analysis of subsequent sequence data has so far been
problematic. The ability to discriminate between fungal taxa using amplicon-based sequencing is
influenced by sequencing primer choice, whilst curated databases for taxonomical assignment and the
annotation of fungal genomes is lacking or are incomplete, resulting in significant problems analysing
next-generation sequencing data for fungal species. Despite these issues, a number of authors have
begun to unravel the mystery of the human mycobiome. In particular, the oral mycobiome has seen
significant strides in identifying the dominant species present. We have recently developed a reference
genome catalogue for the oral microbiome which includes both bacterial and fungal genomes, allowing
for the analysis of metagenomic sequence data within oral communities, and the modelling of
interactions between multi-kingdom communities. Knowing what species are present is only part of the
equation, however. In addition to knowing what species are there, how they interact with the local
environment is key to understanding how they may impact host health status. We have recently
identified a fungal factor that functions as both a toxin and a host activator at different points. In doing
so, it has broad implications for understanding how fungi interact with their host, and how the host
discriminates between a ‘healthy’ and ‘pathogenic’ mycobiome. These advancements, not only provide
key tools for understanding host-mycobiome interactions, but also demonstrate the enormous potential
for the mycobiome in future microbiome research.
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CHARACTERISING THE MOST ABUNDANT VIRUS ASSOCIATED WITH HUMANS,
CRaSSPHAGE
Stephen Stockdale
APC Microbiome Ireland and Teagasc, Ireland
s.stockdale@umail.ucc.ie
Phages within environments impact on microbial ecology in a variety of ways, ranging from altering
population structures through mortality to supplementing metabolic functions via horizontal gene
transfer. CrAssphage is the most abundant virus of the human microbiome. When initially described, in
2014, crAssphage was found to be present in 50% of the individuals tested and represent as much as
90% of the virome sequencing reads. Since then, approx. 250 crAss-like phages related to the
prototypical virus have been described. The human-associated crAss-like phages which are
characterised belong to 4 subfamilies and 10 genera, with the composition and abundance varying
between individuals and by geography. CrAss-like phages are established in the human microbiome
during infancy, with nearly all adults (circa 98%) positive for one or more of these viruses. A longitudinal
study of faecal viromes demonstrates crAss-like phages are stably associated with individuals for
greater than 1 year, with faecal microbiota transplants also engrafting a stable donor-like composition
during the successful treatment of recurrent Clostridium difficile infections. The original in silico
predictions of crAssphage suggested a Bacteroidetes or Bacteroides host, important for the digestion
of complex carbohydrates. Recently, a crAss-like phage which infects Bacteroides intestinalis was
isolated, demonstrating a ‘piggyback the winner’ ecological model for persistence in the human gut.
However, much of the effect of crAss-like phages on the microbes of the human gut and resultant
consequence for human health remains to be elucidated.
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IDENTIFICATION OF VIRUSES IN GUT METAGENOMICS DATA
Alexandra Zhernakova
Department of Genetics, University Medical Center Groningen, the Netherlands
sasha.zhernakova@gmail.com
The human gut microbiome contains millions of viruses, bacteria, protozoa, and fungi. Gut bacteria have
been linked to many diseases and conditions; however, the virome contribution remains largely
unexplored. Several pioneering studies have indicated that viruses are relatively stable in time and are
associated with gut diseases, particularly with inflammatory bowel disease. Virome-specific isolation of
nucleic acids from stool samples requires additional, currently laborious, methods. However, given the
high abundance of viruses in the gut, metagenomic sequencing of all DNA isolated from stool should
contain a substantial proportion of viral DNA. We have compared the reference based and de-novoassembly based methods of virome analysis in healthy individuals and in participants before and after
the dietary intervention. Three reference-based methods (Metaphlan, DUDes and Kraken) were applied
to metagenomics samples from population cohort Lifelines-DEEP. Overall, the reference-based
methods showed limited and inconsistent virome outcome. Using the de novo assembly methods, we
were able to identify thousands of viral contigs in the metagenomics dataset. Our results indicate that
the virome is highly specific in every individual, and stable across time and interventions.
I will further present our plans for the gut virome isolation and analysis in the longitudinal birth cohort
Lifelines-NEXT.
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Exploring the active molecules of Lactobacillus rhamnosus GG against Candida
albicans
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1Department of Poultry Science, University of Arkansas, USA, 2School of Agriculture,
Tennessee Tech University, USA and 3Poultry Production and Product Safety Research Unit,
USDA Agricultural Research Service, USA
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1Lallemand SAS, France and 2UMR Medis UCA-INRA, France
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Maternal supplementation with Bifidobacterium breve M-16V prevents their offspring from
susceptibility to asthma accelerated by the prenatal exposure to an air pollutant aerosol
T. Ito1, Akari Hiraku2, C. Ikeda1, M. Kitabatake1, N. Ouji-Sageshima1, N. Iwabuchi2 and
F. Abe2
1Department of Immunology, Nara Medical University, Japan and 2Food Ingredients and
Technology Institute, Morinaga Milk Industry Co. Ltd., Japan
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Effect of milk compounds in Yakult beverage on the bioaccessibility of aflatoxin B1 using an in
vitro digestion model under fed conditions
Rosita Jamaluddin¹, M.R. Sabran¹, S. Moradipoor² and G. Karimi¹
¹Department of Nutrition and Dietetics, Faculty of Medicine and Health Sciences, Universiti
Putra Malaysia, Malaysia, ²Department of Biomedical Sciences, Faculty of Medicine and
Health Sciences, Universiti Putra Malaysia, Malaysia
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Probiotics role in reducing specific antibiotics
Susanne Kirwan, V. Van Hamme and N. Smeets
Kemin Europe N.V., Belgium
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Effect of pharma compounds on the activity and composition of the microbiota in a
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P15
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Cheng Long1, S. de Vries2, H.A. Schols3 and K. Venema1
1Faculty of Science and Engineering, Healthy Eating & Food Innovation, Maastricht University,
the Netherlands, 2Animal Nutrition Group, Wageningen University & Research, the
Netherlands and 3Laboratory of Food Chemistry, Wageningen University & Research, the
Netherlands
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Correlations between faecal microbiota/metabolome and gastrointestinal symptoms in
pre-schoolers with autism spectrum disorder
Paola Mastromarino1, E. Schiavi1, L. Guiducci2, M. Prosperi3, D. Capobianco1, C. Zhu4,
S. Calderoni3,5, M.A. Morales2, F. Muratori3,5, L. Laghi4 and E. Santocchi3
1Department of Public Health and Infectious Diseases, Sapienza University of Rome, Italy,
2Institute of Clinical Physiology, National Research Council, Italy, 3IRCCS Stella Maris
Foundation, Italy, 4Centre of Foodomics, Department of Agro-Food Science and Technology,
University of Bologna, Italy and 5Department of Clinical and Experimental Medicine, University
of Pisa, Italy
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antigen-specific IgA secretion
Chiaki Matsuzaki1, C. Takagaki1,2, Y. Higashimura3, Y. Nakashima1, K. Hosomi2,
J. Kunisawa2, K. Yamamoto1 and K. Hisa4
1Research Institute for Bioresources and Biotechnology, Ishikawa Prefectural University,
Japan, 2Laboratory of Vaccine Materials and Laboratory of Gut Environmental System,
National Institutes of Biomedical Innovation, Health and Nutrition, Japan, 3Department of Food
Science, Ishikawa Prefectural University, Japan and 4Nitto Pharmaceutical Industries Ltd.,
Japan
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Intake of beta-glucan and blood glucose regulation via gut microbiota in healthy subjects
V.H. Telle-Hansen, L. Gaundal, B. Høgvard, S.M. Ulven, K.B. Holven, M.G. Byfuglien,
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Faculty of Health Sciences, Oslo Metropolitan University, Norway
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W.-P.-P. Liew1, Mohd Redzwan Sabran1, N.A. Zainuddin1 and L.T.L. Than2
1Department of Nutrition and Dietetics, Faculty of Medicine and Health Sciences, Universiti
Putra Malaysia, Malaysia and 2Department of Medical Microbiology and Parasitology, Faculty
of Medicine and Health Sciences, Universiti Putra Malaysia, Malaysia
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2Department of Paediatrics and Adolescent Medicine, Juntendo University Graduate School of
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4Division of Integrated Life Science, Graduate School of Biostudies, Kyoto University, Japan,
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properties
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Exploring the active molecules of Lactobacillus rhamnosus GG against Candida albicans
Camille Allonsius, D. Vandenheuvel, P. Delputte and S. Lebeer
Department of Bioengineering, University of Antwerp, Belgium
camille.alonsius@uantwerpen.be
Candida albicans belongs to the most prevalent fungal pathogens, causing both superficial mucosal
candidiasis and life-threatening invasive infections. Pathogenesis is initiated by adhesion and
overgrowth, followed by tissue invasion and mucosal infection. Several virulence steps, among which
hyphal morphogenesis, facilitate this process. Probiotic treatments with Lactobacillus strains have
emerged as C. albicans management strategy. Several clinical trials have shown promising protective
effects of Lactobacillus, but the underlying molecular mechanisms are not yet well understood. Here,
we investigated the effect of the model probiotic Lactobacillus rhamnosus GG on the growth, epithelial
adhesion and hyphal morphogenesis of C. albicans. By comparing live cells with UV-inactivated cells,
supernatant, mutant cells and purified compounds, we could show the contribution of different surface
and secreted molecules. Based on well-diffusion assays, spot assays, and time course analysis
experiments, we found that especially live L. rhamnosus GG cells could inhibit C. albicans growth. The
supernatant, containing all secreted components, and EPS, the most dominant molecule on its surface,
did not inhibit growth, but purified EPS (50 µg/ml) could prolong the lag phase. Next, we investigated
the effect of L. rhamnosus GG on epithelial adhesion in competition, displacement and exclusion assays.
The strongest anti-adhesion effect was observed during competition, reducing Candida adhesion with
approximately 50%. In follow-up experiments, we found that the EPS-deficient mutant was unable to
reduce adhesion, while purified EPS (200 µg/ml) could also reduce adhesion with 30%. Most remarkable
was the complete abolishment of morphogenesis by L. rhamnosus GG supernatant. The fact that live
and UV-inactivated cells still halved hyphal formation, indicated that the secreted effector(s) also occur
cell wall-bound. Based on an activity screening of several mutants and purified molecules, we could link
the activity to two effector compounds of L. rhamnosus GG. In addition, we could show that these
molecules were able to inhibit biofilm formation of C. albicans, an important growth form in clinical
infections. These data already suggest that L. rhamnosus GG shows potential as an anti-C. albicans
agent, with different effectors underlying the activity. Ongoing experiments with Galleria mellonella will
demonstrate whether these in vitro findings can be extrapolated to an in vivo environment.
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Fermented milk as vehicle improves survival and metabolic status of probiotics in simulated
digestion
Adriane E.C. Antunes, V.C.C. Rodrigues, L.G.S. Silva, M.G. Barbosa and F.M. Simabuco
School of Applied Sciences, State University of Campinas, Brazil
Adriane.antunes@fca.unicamp.br
The potential survival of probiotics during the digestion process and the possibility of modulating the
microbiota, as well as conferring other health benefits, may be influenced by the food matrix. The aim
of this work was to analyse the survival, metabolic status and cellular morphology of probiotic cells
during simulated digestion in three matrices for delivery: fermented milk, ice cream and lyophilised food
supplement. A commercial food supplement containing 9 log10 cfu/g of Lactobacillus acidophilus, 10
log10 cfu/g of Bifidobacterium animalis subsp. lactis, and 22.2% of inulin was bought at a pharmacy. For
comparison purpose, inulin was used at the same quantity, and the same probiotic strains were obtained
as DVS cultures (Direct Vat Set) and added at the same counts to obtain a symbiotic fermented milk
and a symbiotic ice cream. All the products were submitted to a simulated digestion composed of three
phases named gastric, enteric I and enteric II in a Dubnoff metabolic bath at 37ºC and 150 rpm.
Afterwards, the samples were inoculated in MRS agar and incubated at 37ºC for 72 h under anaerobic
conditions to observe the survival of probiotics. Flow cytometry was used to assess the cells metabolic
activity. The samples were stained with 6-carboxyfluorescein diacetate (CFDA) for labelling viable cells,
propidium iodide (PI) for labelling dead cells, or the combination of both to identify damaged cells. To
observe the probiotic morphology, samples of each product were fixed at aluminium stubs and sputter
coated with gold and the images were recorded in a scanning electronic microscope. The initial counts
(L. acidophilus + B. animalis) were equivalent for all the products (P>0.05). Fermented milk presented
higher probiotic survival values for all the digestion phases: 7.7±0.12 log10 cfu/g (gastric), 7.5±0.03 log10
cfu/g (enteric I) and 7.9±0.2 log10 cfu/g (enteric II). Ice cream values at the enteric I (6.0±0.15 log10 cfu/g)
and II (5.1±0.12 log10 cfu/g) phases were also significant higher compared to the food supplement (<4
log10 cfu/g for both phases) (P<0.05). In the flow cytometry analysis, the percentage of live cells of the
fermented milk was greater compared to the other products (P<0.05). Through electronic microscope it
was possible to observe membrane damage in the cells during digestion processes. Fermented milk
proved to be more effective in probiotics protection through digestion process, followed by ice cream,
indicating the importance of the dairy food matrix for probiotic delivery and the role of its ingredients as
cell protectors during digestion.
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Reduction in the incidence of diarrhoea and improved growth performance in lambs
supplemented with Ingubal®
María Bravo1,2, W.L. García-Jiménez2, D. Risco2, A. García3, F. López3, P. Gonçalves2, V. Arenas2,
R. Cerrato2, J. Rey1 and P. Fernández-Llario2
1Animal

Health Department, Faculty of Veterinary, University of Extremadura, Spain, 2Ingulados SL,
Spain and 3Instituto de Investigaciones Agrarias La Orden-Valdesequera, CICYTEX, Spain
mbravosantillana@gmail.com
During the last years, the introduction of probiotics into the field of animal production is receiving great
interest. The restriction on the use of the feed additives, especially of antimicrobials, has led to the
search for new approaches. Ingubal® is a fermented supplement containing yeast and different strains
of lactic acid bacteria with proven probiotic properties and granted QPS status. The objective of this
study was to assess the effect of Ingubal® in terms of health status and production parameters in merino
lambs. Homogeneous batches of merino lambs with the same characteristics in terms of parasite load
and general health status were formed. Whole blood, serum and faeces were collected at different time
points for complete blood count, biochemical parameters and coprological analysis. Rectal swabs were
collected for counting total mesophilic and lactic acid bacteria. In the same way, the lambs were weighed
at the different time points to estimate the effect on final weight and average daily gain (ADG). Our
results show that the use of fermented feed with probiotic action (Ingubal®) has led to a reduction in
diarrhoeal processes and mortality from digestive causes compared to lambs from the control group. A
higher haematocrit and lower markers of tissue damage (LDH and AST) were also found. In terms of
production, results show a higher ADG and a lower age at slaughter thereby favouring an improvement
on farm profitability. The use of feed with no antibiotics did not cause a disruption in the production
system.
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Alterations of gut microbiota composition and metabolism induced by controlling body fat
mass with probiotic or synbiotic – follow-up of a randomised controlled trial
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Altered microbiota composition has been associated with obesity-related metabolic disorders, via enteric
modification by probiotics and/or prebiotics. In our recent clinical trial (NCT01978691), it was shown that
by consuming Bifidobacterium animalis subsp. lactis 420 (B420™) and especially its combination with
Litesse® Ultra™ polydextrose (LU), it is possible to control the increase of body fat mass. To clarify the
mechanism of action, the effects of the intervention on gut microbiota, faecal and plasma metabolites
were investigated from the Per Protocol population consumed one of the four study products, (i) placebo,
(ii) LU, (iii) B420, and (iv) LU+B420, for 6 months, after which there was 1-month follow-up. Both faecal
and plasma samples were collected at 0, 2, 4 and 6 months and after follow-up. The V4 variable region
of the faecal bacterial 16S rRNA gene was amplified and sequenced by Illumina MiSeq. Greengenes
OTUs were used for generating gut microbiota taxonomic profile followed by comparative analysis for
abundance and diversity using QIIME. Functional metagenome predictions were inferred from
Greengenes OTUs by PICRUSt. NMR and UHPLC-MS/MS were used to analyse the faecal metabolites
and plasma bile acids, respectively. In the B420 group, the abundance of Lactobacillus spp. and
Akkermansia spp. was increased. In the group consuming LU+B420, an increase in Akkermansia spp.,
Christensenellaceae spp. and Methanobrevibacter spp. were observed, together with reduced
Paraprevotella spp. Moreover, the increase in Christensenellaceae spp. correlated negatively to waisthip ratio and energy intake at baseline, and waist-area body fat mass at the end of intervention in
LU+B420 group. In addition, alterations in KEGG-pathways related to cellular processes and
metabolism were observed in B420 and LU+B420 groups. Plasma bile acids glycocholic acid (GCA),
glycoursodeoxycholic acid (GUDCA), and taurohyodeoxycholic acid and tauroursodeoxycholic acid
(THDCA+TUDCA) were reduced in LU+B420 compared to placebo. In conclusion, B420 alone and in
combination with LU could modify the gut microbiota, suggesting an underlying mechanism for their
ability to control body fat mass. Moreover, both B420 and B420+LU increased the abundance of
Christensenellaceae spp., which have previously been shown to associate with the lean phenotype.
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Trans-cinnamaldehyde modulates Lactobacillus plantarum proteome and improves
colonisation potential in the avian gut
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Lactobacillus plantarum, a lactic acid bacterium found in diverse ecological niches, has a proven
capacity to survive gastric transit and colonise the intestinal tract of humans and other mammals. Little
is known about the ability of L. plantarum to colonise the avian gut and interactions with various dietary
phytoceuticals. Trans-cinnamaldehyde is a phytochemical obtained from bark of cinnamon trees that is
increasingly being used as an antibiotic alternative for improving poultry safety. This study investigated
the effect of trans-cinnamaldehyde on the proteome of L. plantarum using LC-MS/MS analysis. In
addition, the effect of trans-cinnamaldehyde on the attachment of L. plantarum to chicken primary
epithelial cells was studied. L. plantarum was cultured in the presence or absence (control) of subinhibitory concentrations of trans-cinnamaldehyde (0.01%) for 24 h at 37 ºC followed by SDS-PAGE
based protein extraction. The effect of trans-cinnamaldehyde on expression of L. plantarum proteome
was quantified using LC-MS/MS analysis followed by targeted proteomics and data analysis using
Scaffold proteomic software. The effect of trans-cinnamaldehyde on attachment of L. plantarum on
chicken epithelial cells was tested using standard cell culture protocol at multiplicity of infection of 1:10.
Whole cell proteomic analysis identified a total of 146 proteins in L. plantarum. The major groups of
proteins that were identified contribute to metabolic process (102 proteins), cellular process (83
proteins), response to stimulus (8 proteins), biological regulation (7 proteins), and localisation (13
proteins). Trans-cinnamaldehyde increased the expression of 12 proteins participating in glycolysis
(phosphoglycerate kinase, Triose-phosphate isomerase, Pyruvate kinase, phosphoglycerate mutase 2),
protein synthesis (valine-tRNA ligase, peptide chain release factor 1, elongation factor G), cell division
(cell cycle protein GpsB), amino-sugar metabolism (phosphoglucosamine mutase), aldehyde
metabolism (2,5-diketo-D-gluconic acid-like reductase), stress tolerance (DnaK), and attachment to
intestinal cells (elongation factor Tu). The phytochemical reduced the expression of 8 proteins
contributing to DNA replication (beta sliding clamp-dnaN, DNA-binding protein), protein folding (10 kDa
chaperonin), metabolism (glucose-6-phosphate isomerase, 50S ribosomal protein), sugar uptake
(dihydroacetone phosphotransferase), cell division (cell division initiation protein), and extracellular
protein-DUF336 family (function not yet characterised). Follow up adhesion assay revealed that transcinnamaldehyde was effective in increasing the attachment of L. plantarum to primary chicken
enterocytes by ~ 0.5 log cfu/ml (P<0.05). Overall, these results delineate the prospective mechanism of
action of trans-cinnamaldehyde on L. plantarum and the potential of using this phytochemical along with
L. plantarum for increasing probiotic efficacy and gut health in chickens.
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Leveraging fluorescent proteins to study promoter activation in Bifidobacterium longum
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Bifidobacteria are an important genus within the human intestinal microbiota. Not only are they one of
the first genera to establish in early life, but they have also been shown to exert a number of beneficial
health effects to their host. In order to study the mechanisms by which specific bifidobacterial strains
are exerting their effects, further genetic tools have and need to be developed [1]. To date, the study of
promoter activity in bifidobacteria has mainly employed enzyme reporters, such as the β-glucoronidase
encoding gusA gene [2]. On the other hand, the use of fluorescent proteins to trace the presence of
bifidobacteria strains in in vitro or in vivo experiments has recently been reported [3,4]. We have
investigated the use of fluorescent proteins to monitor promoter activity in the model strain
Bifidobacterium longum NCC 2705. We intend to employ these tools to decipher the environmental
control of the promoter element upstream of the serine protease inhibitor (serpin) encoding gene, which
has been recently demonstrated to play a key role in regulating gluten induced pathophysiology in
mouse [5].
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Safety evaluation of Bacteroides uniformis CECT 7771
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Bacteroides uniformis CECT 7771 was isolated from the gut microbiota of breast-fed infants. This strain
was demonstrated to ameliorate metabolic dysfunction associated with diet-induced obesity in mice. To
progress in the evaluation of the feasibility of the clinical use of this strain, the present study has
evaluated its safety in a sub-chronic 90-day toxicity study in rats. A safety study has been conducted in
Wistar rats (males and females, n=50) divided in 5 experimental groups (n=10) that were administered
either a dose of B. uniformis CECT 7771 (108 cfu/day, 109 cfu/day or 1010 cfu/day) or B. longum ATCC
15707T (1010 cfu/day) used as a control strain with QPS status or placebo (vehicle) for 90 days. Signs
of toxicity, morbidity and mortality were daily recorded, and weight and food intake were weekly
recorded. Biochemical parameters related to pancreatic (amylase), liver (alanine aminotransferase
(ALT) and alanine aminophosphatase (ALP)) and kidney (urea and creatinine) functions were analysed.
Bacterial translocation was assessed in blood and mesenteric lymph nodes (MLN). Inflammatory
markers (IL-10 and IFN-γ) were measured in serum samples and histology/histometry analysis was
performed in colon sections. During the 90-day study no differences were observed in the evolution of
the body weight gain and food intake between control groups and the groups administered B. uniformis
CECT 7771 at any of the dose tested. Bacterial translocation events were not related to bacterial
administration. Histological analysis did no show differences in the crypt depth and number of goblet
cells. The biochemical parameters analysed did not show differences related to the treatment except for
ALT, which show decreasing levels with increasing doses of B. uniformis CECT 7771 compared to
control groups, pointing to a potential beneficial role in liver function. The ratio of the anti-inflammatory
cytokine IL-10 to the pro-inflammatory cytokine IFN-γ (IL-10/IFN-γ) was also analysed. This ratio was
significantly higher in serum and jejunum samples in the mouse groups receiving B. longum ATCC
15707T (1010 cfu/day) and B. uniformis CECT 7771 at 109 cfu/day groups, suggesting that these strains
could exert anti-inflammatory effects after long-term administration. In conclusion, the results of the
safety evaluation of subchronic administration of B. uniformis CECT 7771 to rats have not raised safety
concerns. Further studies are required to confirm the safety and effectiveness of this strain in humans.
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Development of an in vitro model of intestinal dysbiosis in post-weaning piglets
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Weaning is a critical period in swine industry. Piglets suffer from social, environmental and dietary
stresses leading to an increased risk of enteric infections which are responsible for 17% of death in
European pig farms. Additionally, there are serious public health concerns raised due to the intensive
use of antibiotics as preventive and curative treatments. Current challenges address a better
understanding of the etiology of intestinal dysbiosis associated with this weaning phase in order to find
non-antibiotic strategies to restore gut microbiota balance in piglets. Even though in vivo experiments
are the gold standard for evaluating such approaches, in vitro models of the piglet gut constitute firstchoice alternatives for ethical, technical, cost, and regulatory reasons. A continuous in vitro fermentation
model including a mucin compartment has been developed in order to reproduce the colonic luminal
and mucosal microenvironments of weaning piglets. Fermentation has been carried out for 15 days from
a fresh pool of 28 days-old piglet faeces. The composition, stability and activity of the in vitro microbiota
were evaluated by real-time PCR, 16S rDNA Illumina sequencing and quantification of short chain fatty
acid (SCFA) concentrations and gas production inside the reactor. Results show that bacterial and
archaeal populations found in the piglet colonic microbiota are able to maintain and stabilise their activity
in the in vitro model. Once validated under non-disturbed conditions, the new model was then adapted
to reproduce the starvation stress encountered at weaning and used to evaluate the effect of preventive
or curative supplementation with the probiotic yeast S. cerevisiae var. boulardii. First results look
promising and suggest that the in vitro model could be used to reproduce further factors leading to
intestinal dysbiosis, such as a high-protein diet, and evaluate the efficacy of microbial remediators.
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Maternal supplementation with Bifidobacterium breve M-16V prevents their offspring from
susceptibility to asthma accelerated by the prenatal exposure to an air pollutant aerosol
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It is wildly known that air pollution associated with the development and exacerbation of asthma. A
previous study revealed that exposure of pregnant mothers to an air pollutant aerosol increased
susceptibility to asthma in their children [1]. Recently, some studies indicated that probiotic
supplementation during pregnancy or/and lactation can reduce susceptibility to allergy in their offspring
[2]. In this study, we investigated whether the effects of maternal intake of Bifidobacterium breve M-16V
on the susceptibility to asthma accelerated by the prenatal exposure to an air pollutant aerosol. Pregnant
BALB/c females were exposed to an aerosolised leachate of residual oil fly ash (ROFA) at 5, 3, and 1
day before delivery. B. breve M-16V (M-16V group) or dextrin (control group) was administrated during
pregnancy and lactation. All their neonates were fed with breast milk from their own mothers and were
sensitised by intraperitoneal injection of ovalbumin (OVA) and alum at 3 days of age. At 26-28 days of
age, the neonates were challenged with aerosolised 1% OVA (OVA-challenged group) or PBS (PBStreated group). Lung histopathology, substantial numbers of eosinophils in the bronchoalveolar lavage
fluid (BALF), and the levels of gene expression of cytokines and mucin in lung tissue were evaluated 2
days after the challenge. In the neonates in OVA-challenged groups, goblet cell hyperplasia, increased
substantial numbers of eosinophils in BALF and enhanced expression of IL-5, IL-13 and Muc5ac in lung
tissue were observed. In the neonates in the M-16V group, these asthma-like damages in lung tissue
were significantly suppressed as compare with those in the control group. The neonates in the PBStreated group did not show any pathological findings of asthma regardless of whether their mothers were
fed B. breve M-16V or not. These results suggest that the maternal intake of probiotic strain B. breve
M-16V has the potential to reduce the susceptibility to asthma in their neonates accelerated by the
prenatal exposure to an air pollutant aerosol.
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Effect of milk compounds in Yakult beverage on the bioaccessibility of aflatoxin B 1 using an in
vitro digestion model under fed conditions
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Aflatoxin B1 (AFB1) is most naturally occurring compound in food and among the most potent
carcinogen. Human could be directly and/or indirectly exposed to AFB1 from the contaminated food.
Probiotic bacteria, mainly Lactobacillus species, have shown to be an adsorbent of aflatoxin. In a recent
intervention study, aflatoxin biomarker levels were reduced with fermented milk containing Lactobacillus
casei Shirota (LcS) (probiotic drink) as compared with placebo, particularly among subjects with high
aflatoxin exposure. It is of great interest to investigate whether compounds other than LcS in fermented
milk have effects on reducing AFB1 level. Therefore, this study aimed to evaluate the effect of milk
compound in fermented milk on the AFB1 bioaccessibility as compared with LcS using in vitro digestion
model under fed conditions. AFB1 reference materials at zero (ZC), low (LC), and high concentrations
(HC) were treated with or without a test product. The tested products included fermented milk containing
LcS (Yakult beverage), fermented milk without LcS (placebo), and 10% w/w activated charcoal (positive
control). The samples were applied in an in vitro digestion model. AFB1 and aflatoxin M1 (AFM1) were
measured through ELISA. Results showed that HC had the highest concentration of bioaccessible AFB1
detected after in vitro digestion, followed by LC and ZC. By adding Yakult beverage, AFB1 concentration
was reduced significantly in both LC and HC but increased in ZC. Only HC was found to have significant
reduction in AFB1 concentration with the addition of positive control. The addition of placebo did not
reduce AFB1 concentration in all three AFB1 reference materials. In LC and HC, AFB1 concentration
was significantly different across treatments, while ZC did not show any significant difference. Yakult
beverage for LC and HC showed stronger reduction in AFB1 concentration than that of the positive
control, whereas placebo had no such effect. The detection of AFM1 with small amount in the chyme
could be due to the conversion of AFB1 by the chemical processes during the digestion. The AFM1
concentration was lower with the addition of Yakult beverage for LC, suggesting that LcS in the Yakult
beverage has the ability to bind AFM1. These outcomes demonstrated that placebo (milk compound)
did not have any effect on the binding of AFB1 regardless of the AFB1 concentration. Yakult beverage
(LcS) showed stronger AFB1 adsorption effect than activated charcoal based on this in vitro digestion
model.

7th Beneficial Microbes Conference
26-28 November 2018, Amsterdam, the Netherlands

77

P11
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Probiotics are frequently cited as tools to reduce therapeutic antibiotics but exact data on how much
reduction can be achieved are scarce. The present study aimed to test the hypothesis that a specific
strain of Bacillus subtilis ATCC PTA-6737 (PB6) has the potential to reduce therapeutic antibiotic use in
commercial poultry farming. The hypothesis was based on a body of scientific research showing the
microbiome modulating effects of this specific strain. A classic research trial cannot answer this
question, as management and husbandry in research facilities differ in stocking density, flock size, and
the skill of labour; to what is typical for commercial conditions. Smaller flock size, from these, is the most
limiting to achieve significant results. Over a period of 27 weeks in 2017, a commercial poultry integrator
applied B. subtilis PB6. At the same time, vaccination for ORT (Ornithobacterium rhinotracheale) was
introduced. The trial period started in December 2016, in cooperation with a commercial turkey integrator
in Western Europe. The B. subtilis strain was applied across all flocks from hatch till slaughter age via
the drinking water (3x108 cfu/1000 l), on every occasion of wet litter or other indications of intestinal
health problems. The decision how to treat decreased intestinal health was left at the discretion of the
three respective veterinarians. Historic data of the three previous years (where no probiotic was used)
were used as a reference. No further change in housing, husbandry, genetics or management conditions
happened concurrently. Compared to the three previous years (2016, 2015, 2014), a numerical
decrease in the number of applications of beta-lactams (-13%) and a statistically significant decrease in
colistin treatments (-44%) and the grouped other antibiotics (-51%) was observed. The frequency of
diseases requiring treatments decreased in the trial period compared to the previous year. The decrease
was significant for enteritis (-38%), colibacillosis (-34%) and ORT (-38%). In conclusion, this trial
confirms the hypothesis that addition of B. subtilis PB6 has a direct effect on antibiotic use. A
confounding effect of the ORT vaccine cannot be ruled out, but it is not likely as ORT is a respiratory
disease. The data recording of a typical commercial integrator proved sufficient to assess the research
question. Further studies in different regions and species are needed to verify these findings.
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Probiotic microorganisms need to be viable when administered to the host in order to exert beneficial
effects. However, it has been reported that also non-viable cells can benefit the host’s health. The aim
of this study was to investigate changes in poultry microbiota in response to viable or heat inactivated
probiotics combined with or without avilamycin (AV), a commonly used in-feed AGP in broiler production.
Caecum mucosa and digesta were collected from broilers of a feeding trial designed as a 3×2 factorial
experiment, using dietary probiotic (i.e., no probiotic (PRO), live PRO at 10 8 cfu/kg feed and same cfu/kg
but then heat inactivated PRO) versus AV inclusion at 0 and 2.5 mg/kg feed as the main factors. At the
end of the trial on day 42, samples were taken from five animals per treatment, and prepared for 16S
rRNA gene amplicon sequencing using the Illumina MiSeq platform. Microbiota taxa profiles, diversity,
community structure, and differential abundances of operational taxonomic unites (OTUs) at genus level
were assessed using Usearch 9, QIIME 1.9 and DESeq2 analysis. Results showed that AV had a higher
impact on the mucosal microbiota compared to the luminal microbiota. In particular, the phylogenetic
diversity and richness were significantly reduced (P<0.05) by AV in mucosa samples. Overall, the
microbial diversity of the mucosa was higher than in the lumen (P<0.05) and also differed in composition,
showing increased abundances of strict anaerobe Bacteroides in the digesta (P<0.05) and of
Actinobacteria (P<0.05) and Proteobacteria (P<0.05) in the mucosa. Viable and inactivated PRO alone,
as well as in combination with AV changed the abundance of different taxonomic groups attached to the
mucosa. Animals fed live PRO had an increased number of Bilophila (P<0.05), whereas animals fed the
inactivated PRO showed a reduction in Ruminococcus (P<0.05). The AGP alone reduced numbers of
Lactobacillus and Enterococcus (P<0.05) and increased abundance of Bilophila and Oscillospira
(P<0.05). In conclusion, AV decreased bacterial diversity and altered microbial community composition
of the caecal mucosa, compared to animals receiving no antimicrobial additive. Probiotics did not affect
microbiota diversity or community. However, viable as well as inactivated PRO could change the
abundance of certain taxonomic groups. Assessing functional changes of the gut microbiome is needed
for further interpretation, and to determine whether inactivated PRO can be related to gut health.
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A growing interest in modulation of the infant gut microbiota has led to the requisite of developing a
representative in vitro gut fermentation technology for high-throughput screening of test compounds.
Establishment of culture conditions that maintain the bacterial community of infant faeces is of great
importance to reproducibly study the effect of nutritional compounds on microbiome composition in the
gastrointestinal tract. Therefore, the aims of this research were to determine the optimal culture medium
composition, and to evaluate the influence of preservation of the faecal inoculum on microbial
composition and metabolic activity for our in vitro MicroColon batch fermentation technology. To this
purpose, single batch fermentations using fresh and frozen faecal samples of 5 breastfed infants (1-6
months old) were performed in three culture media: gut medium (GM), low-carbohydrate medium (LCM),
and infant gut medium (IGM). In addition, supplementation of the prebiotic galacto-oligosaccharides
(GOS; 10 mM) was evaluated under those culture conditions. Microbiota composition of initial faecal
samples and MicroColon-fermented samples were analysed by 16S rRNA microbiome profiling and
qPCR. Metabolic assessment was performed by HPLC analysis of short chain fatty acids (SCFAs) and
lactate over the course of the experiment. Our findings show that the use of infant gut medium (IGM) in
combination with the inoculation of fresh infant faeces was most promising for maintaining a bacterial
community more similar to the initial infant faecal microbiota. In specific, with IGM, the majority of the
infants displayed a much higher relative abundance of Bifidobacterium after 6 h of fermentation,
compared to the Bifidobacterium relative abundance in the other media. In addition, this study shows
that the effect of GOS supplementation was culture medium dependent. Although GOS increased
lactate levels independently of preservation status (fresh/frozen), acetate was only significantly
increased when GOS was added to IGM. In conclusion, MicroColon fermentations with fresh infant
faeces inoculum in IGM resulted in microbiota profiles relatively close to the original faecal microbiota
composition. IGM represents better the nutritional conditions in the infant colon. However, since IGM
medium promotes bifidobacterial growth in general, it could potentially mask the (genus level) effect of
test compounds with a bifidogenic effect. This is one of the reasons that next steps of our research will
involve studies on the effects of test compounds on shifts within the Bifidobacterium community (analysis
on the species level with, e.g., shotgun metagenomic sequencing), and analysis of the effects on
microbial functions and metabolism.
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Katja Lange1, S. Bellmann1, J. van der Vossen2 and A. Maathuis1
1Triskelion,

the Netherlands and 2TNO, the Netherlands
katja.lange@triskelion.nl
Intestinal microbiota plays a crucial role in diseases, such as diabetes, obesity and inflammatory bowel
disease. Evidence for drug-microbe interactions in shaping drug metabolism and microbial composition
is increasing. It is difficult to study these interactions in vivo, because of the inaccessibility of the human
gut microbiota and related ethical constraints. Therefore, in vitro models offer a unique opportunity by
mimicking the complex and dynamic conditions in the colon, when mimicking physiologically relevant
conditions. To exemplarily demonstrate the microbiome-drug interactions in TIM-2, two frequently used
drug substances were chosen. Metformin, a first-line drug for treating diabetes and mesalazine used for
the treatment of inflammatory bowel disease. It has been shown that the gut (microbiota) plays a major
role in mediating the anti-diabetic drug effect of metformin [1,2]. The direct effects on the microbiota,
however, are less well studied. Therefore, the aim of this study was to study direct effects of metformin
and mesalazine on the microbiota in TIM-2. The drug substances metformin (Sigma-Aldrich, 1 g,
powder) and mesalazine (Sigma-Aldrich, 1.2 g, powder) were used in TIM-2 (TNO Intestinal Model), a
validated in vitro model of the proximal colon [3,4]. The TIM-2 system is computer-controlled and
inoculated with a diverse, highly dense, metabolically active, anaerobic microbiota. A pooled microbiota
sample of human origin (n=7, 39.7 ± 10.9 years; BMI 23.4 ± 2.0 kg/m 2) was used. The TIM-2 system is
equipped with a unique hollow fibre membrane, that allows the removal of dissolved drug products,
microbial metabolites and water. This allows the maintenance of a physiologically relevant microbiota
composition and density over a long period of time. During 72 h of repeated daily dosing in TIM-2,
microbial activity and composition were investigated by measuring short-chain fatty acids (SCFA) and
16S rDNA sequencing. Differential abundance analysis was used to identify specific bacterial groups.
Pharmacological intervention in TIM-2 resulted in changes in microbiota composition along with changes
in microbial activity different from the control situation (no drug). In common for both pharmacological
compounds, these microbial changes included an increase in abundance in Bifidobacterium. In addition,
mesalazine increased the abundance of known beneficial (SCFA producing) bacteria, such as
Subdoligranulum, Pediococcus and Megasphaera. This increase in SCFA producing bacteria is in line
with the significant increase in total SCFA production with mesalazine compared to the control (189.8 ±
1.5 mmol vs 176.2 ± 3.1 mmol, t test p=0.02). For metformin, the increase in SCFA was non-significant
(179.6 ± 11.5 mmol). This study provides insight into direct drug effects on human microbiota which
might contribute to the health benefits of the drugs. The observed microbiota composition changes with
metformin in TIM-2 are in line with (human) in vivo data showing an increase in Bifidobacterium after
treatment with metformin [5]. In current studies, the effect of these drugs is studied in TIM-2 using a
disbalanced microbiota from patients with IBD and type 2 diabetes. In conclusion, TIM-2 is a powerful
tool for studying drug-microbe interactions thereby elaborating mechanisms of drug effects in the colon.
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Impact of an oregano-based phytobiotic on health, performance and faecal microbiota of sows
and their progeny
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The pig industry is faced with a global drive to reduce antibiotic usage and improve its sustainability.
Early microbial colonisation in young pigs represents a window of opportunity to modulate the gut
microbiome to achieve long-term benefits on immune development, resistance to disease and digestive
efficiency. With the growing demand for safe and sustainable alternatives to antimicrobials, functional
feed ingredients, such as phytobiotics, have been evaluated for their ability to improve intestinal health.
Amongst these, oregano essential oil products with the active compounds carvacrol and thymol have
been reported to have antimicrobial and anti-oxidative properties resulting in improved intestinal barrier
functions and growth in pigs [1-3]. However, their impact on the gut microbiome in pigs still remains
unclear. The aim of this study is to investigate the effect of a novel oregano-based phytobiotic on sow
and piglet microbiota and performance. In a blinded study, sixty-two multiparous sows across two
batches were randomly allocated to control or oregano essential oil supplementation (OS). Treatment
was top dressed to the sow diet daily from seven days prior to farrowing until weaning (~26 days). At
two weeks of age, piglets from all treatment groups were offered creep containing OS. Faecal samples
collected from the sow and piglets at two weeks of age and at weaning were analysed for 16s rRNA
sequencing on the Illumina MiSeq platform. Piglets from the OS treatment had significantly improved
average daily weight gain from birth to weaning (P=0.016), and higher body weight at one week of age
(P=0.006). Sow feed intake during lactation was not significantly affected by treatment, however sows
on the OS treatment maintained higher BCS at weaning (P=0.034) and showed more consistent feed
intake. Health records showed that piglets in the OS litters had significantly reduced incidence of health
problems such as lameness or swollen joints resulting in a 4.2% reduction in therapeutic treatment
(P=0.072) and reduced mortality from 14.3% to 10.9%. Litters from the OS treatment also showed more
consistent creep feed intake compared to controls and significantly higher intake in the first batch
(P=0.017). We hypothesise that the effects observed from this study are exerted through modulation of
the gut microbial communities from the sow to its offspring and will present the effect of OS on sow and
piglet microbiota through lactation and creep feeding. Understanding the link between the gut microbiota
and dietary factors shaping its development to improve health and performance represents a
cornerstone towards a more sustainable pig production.
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validated, dynamic in vitro model of the colon
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Swine feed contains >70 energy% starches, but there is little research on the effect of different starch
sources on gut bacteria. The present study aimed to see if different starch sources could change the
gut microbiota composition and activity. Faecal inoculum was prepared from finishing pigs (~70 kg).
Faeces was collected (fresh grab samples collected from 48 pens housing 6 pigs/pen) from pigs fed a
commercial diet, with ~70 energy% starch. Faeces was pooled, standardised, mixed with glycerol and
frozen in liquid nitrogen until inoculation in the in vitro model. The microbiome was fed three different
starches (from potato, wheat and maize) in a validated, dynamic in vitro model of the colon (TIM-2). The
microbial composition and production of microbial metabolites were analysed at three different time
points (24, 48, and 72 h) by sequencing of the V3-V4 region of the 16S ribosomal RNA gene and ion
chromatography, respectively. The sources of starches (P=0.13) and time (P=0.13) had no significant
effect on alpha diversity (Shannon index), but the microbiota showed distinct grouping on the three
starches when using principal coordinate analysis of unweighted Unifrac (PPROMANOVA= 0.037),
weighted Unifrac (PPROMANOVA< 0.001) and BrayCurtis Distances (PPROMANOVA <0.001). The
lowest longitudinal changes in beta diversity (compared to the original faecal inoculum) were observed
for maize starch. The microbiota at the phylum level was dominated by Firmicutes (potato starch, 30%;
wheat starch, 50%; maize starch, 45%), Bacteroidetes (potato starch, 36%; wheat starch, 27%; maize
starch, 17%), and Actinobacteria (potato starch, 30%; wheat starch, 14%; maize starch, 37%). The
average cumulative amount of SCFA (acetic acid, propionic acid and butyric acid) produced on potato,
wheat, and maize starch was 99.3, 104, and 147 mMol, respectively. The average cumulative amount
of BCFA (isobutyric acid and isovaleric acid) produced on potato, wheat, and maize starch was 4.7, 7.5,
and 15.4 mMol, respectively. In conclusion, different sources of starch changed the gut microbiome
composition and showed differences in microbial activity during in vitro fermentation. Maize starch may
the best option for simulating pig feeds in the in vitro model as the microbiota composition was closest
to the original inoculum. It will be interesting for future work to examine the microbial functionalities. The
in vitro model proved to be an excellent tool to mechanistically study the effect of feed ingredients on
the gut microbiota of pigs.
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Gut microbiota alterations are among non-genetic factors contributing to the etiology of autism spectrum
disorder (ASD) and may be responsible for the high incidence of gastrointestinal (GI) symptoms and
modifications in faecal metabolites frequently observed in ASD patients. Investigation on the abundance
of gut genera and species and metabolites is needed for unravelling their still controversial relationship
with GI symptoms and inflammatory markers at gut level. The objectives of this study were to evaluate
the microbiota and metabolomics profiles in faecal samples of ASD pre-schoolers to assess possible
correlations with significant GI symptoms. 79 ASD pre-schoolers (66 males, 13 females; mean age (SD),
4.15 years (1.09)) were evaluated with ADOS-2 (Autism Diagnostic Observation Schedule-2) and GI
Severity Index, as a part of the basal assessment in a randomised double-blind placebo-controlled study
with a multi-strain probiotic product (funded by the Italian Ministry of Health, grant GR-2011-02348280).
Bacterial DNA was extracted from faecal samples and real-time qPCR was performed for microbial
analysis. Calprotectin was quantified on faeces by ELISA assay. Faecal samples were analysed by
proton nuclear magnetic resonance (1H-NMR) spectroscopy, allowing the quantification of 30 molecules
pertaining to the chemical groups of short chain fatty acids (SCFAs), amino acids, biogenic amines and
sugars. A significantly higher amount of total bacteria (P=0.03) and Bacteroides (P=0.007) was found in
faeces of the GI group compared to NGI while a significant reduction in bifidobacteria (P=0.01) was
associated to GI symptoms. No differences were detected for Lactobacillus, Prevotella, Sutterella and
Akkermansia muciniphila. Positive and negative correlations of calprotectin values with Prevotella and
A. muciniphila amount, respectively, were also observed. Significantly higher levels of 4hydroxyphenylacetate, p-cresol and trimethylamine were found in the faeces of GI group compared to
NGI (P<0.01). Calprotectin values were positively correlated with tyrosine, 4-hydroxyphenylacetate, pcresol, trimethylamine and dimethylamine, and negatively with galactose, xylose and fucose. Our results
add new insights to previous studies, showing different faecal microbiota and metabolome profiles in
ASD children when stratified by GI symptoms, while faecal calprotectin levels show positive and
negative correlations with Prevotella and A. muciniphila, respectively. These findings confirm the
presence of microbiota and metabolome alterations pointing at possible relationships between different
inflammatory profiles and distinct patterns of microbiota in ASD children, which could benefit from
microbiota restoration with specific targeted therapies.
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Exopolysaccharide produced by Leuconostoc mesenteroides strain NTM048 enhances
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Antigen-specific immunoglobulin A (IgA) plays a salient role in host defence against mucosal infection.
We reported earlier that exopolysaccharide (EPS) produced by probiotic Leuconostoc mesenteroides
strain NTM048 can enhance mucosal IgA production in mice. However, the capability of enhancing
antigen-specific IgA production remains unclear. In this study using BALB/c mice, we investigated EPS
effects on antigen-specific IgA production and the molecular mechanisms underlying those effects. First,
we administered EPS (100 µg) with an antigen (ovalbumin, 5 µg) intranasally four times. Blood samples,
nasal washes, and bronchoalveolar lavage fluid (BALF) samples were examined for antigen-specific
antibody responses. EPS caused increased secretion of antigen-specific IgA in the nasal wash and the
serum. The secretions of antigen-specific IgG in the BALF and the serum were also increased. These
results indicate that EPS administration enhanced mucosal and systemic immune responses to an
antigen. To elucidate the underlying mechanisms, we next investigated the immunostimulatory effect of
EPS on dendritic cells (DCs). Actually, DCs, a family of highly specialised antigen-presenting cells, are
potent activators of naïve T cells and are regarded as important initiators of primary immune responses.
We used murine bone marrow-derived DCs (BMDCs) to evaluate the immunostimulatory capabilities of
the EPS. BMDCs (3.3×105 cells/ml) were cultured with stimulation by 100 µg/ml of EPS. The expression
of the genes of the mediators of mucosal immunity was analysed. After 3 h stimulation, the gene
expressions of IL-6, IL-12, IL-10, and retinal dehydrogenase 2 (RALDH2), which catalyse to synthesise
retinoic acid (RA) from retinol, were increased significantly (25.7-fold, 21.1-fold, 8.0-fold, and 1.4-fold,
respectively). The increased protein production of these upregulated genes was also confirmed by
enzyme-linked immunosorbent assay (for IL-6, IL-12, and IL-10) and flow cytometric aldehyde
dehydrogenase assay (for RALDH2). The synthesis of RA and IL-10 by intestinal DCs regulates affinity
maturation of IgA. They are therefore crucially important for antigen specificity. RA, IL-6, and T-cellproduced IL-5 synergistically enhance class switching to IgA in B cells. IL-12 was recently reported as
contributing to driving follicular helper T cell differentiation, which is necessary for B cells to produce
antigen-specific IgA. The EPS is expected to regulate IgA-specificity through education of DCs to
produce IL-6, IL-10, IL-12, and RA.
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Intake of beta-glucan and blood glucose regulation via gut microbiota in healthy subjects
V.H. Telle-Hansen, L. Gaundal, B. Høgvard, S.M. Ulven, K.B. Holven, M.G. Byfuglien, A. Rieder,
S. Ballance, S.H. Knutsen, I. Måge, I. Rud and Mari C.W. Myhrstad
Faculty of Health Sciences, Oslo Metropolitan University, Norway
mmyhrstad@oslomet.no
Beta-glucan, a soluble dietary fibre, has been shown to improve insulin sensitivity and maintain
glycaemic control. The mechanisms have traditionally been attributed to the viscous gel forming in the
stomach and intestine, giving a longer absorption time. However, recent evidence suggests that
bacterial fermentation of beta-glucan in the gut causes production of short chain fatty acids (SCFA) that
may affect metabolic status of the host. The aim of the current study was to investigate the effects of a
glucose challenge on postprandial glycaemic regulation after a short intervention with beta-glucan.
Fourteen healthy, normal weight men and women, aged 20-46, completed a fixed-order dietary crossover study. Different amounts of beta-glucan (0.5, 3.5, and 8 g) were provided as evening meals for
three consecutive days. Postprandial blood glucose and insulin were measured after an oral glucose
tolerance test (OGTT) at baseline and after the interventions with different amounts of beta-glucan.
Fasting blood SCFAs and gut microbiota in faeces were also measured. Intake of 3.5 g beta-glucan
significantly decreased post-prandial blood glucose and insulin response as compared to baseline.
Further, intake of 3.5 and 8 g beta-glucan significantly decreased fasting insulin when compared with
baseline. The SCFA acetate and butyrate were both significantly increased after intake of 0.5, 3.5 and
8 g compared with baseline, while propionate was unchanged. After intake of 8 g beta-glucan, the
relative abundance of the phyla Actinobacteria, Bacteroidetes and Firmicutes was significantly changed
compared to baseline. In addition, intake of 0.5, 3.5 and 8 g beta-glucan significantly changed the
abundance of several bacteria at the genus level. These results demonstrate that intake of beta-glucan
as an evening meal for three consecutive days reduces the postprandial glycaemic response. We also
observed changes in the gut microbial composition after intake of beta-glucan. Whether the improved
glycaemic response is related to changes in gut microbiota needs to be further investigated.
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Aflatoxin B1 (AFB1) is the most toxic mycotoxin. This toxin is ubiquitously found in food and agricultural
commodities such as nuts, cereals, spices, and herbs. The use of probiotic as a dietary approach to
prevent AFB1 exposure is promising. Probiotic Lactobacillus casei Shirota (LcS) is a potential AFB1
adsorbent, besides its affirmed-benefits in gut health. In this study, the AFB1 removal ability in both in
vitro and in vivo studies was assessed. In addition, the microscopic changes of AFB1-bound LcS as well
as the histopathological changes on intestine were observed. The Langmuir isotherm theoretical model
was used to evaluate the binding efficiency of live and heat-treated cells of LcS, as well as its cell wall.
All the LcS cell components tested were capable to remove AFB1, with varying removal abilities across
different cell components as well as different AFB1 concentrations. The live LcS cells and cell wall
components had the highest binding efficiency toward AFB1. Besides, the live LcS cells and cell wall
fractions had significantly (P<0.05) stronger interacting force (Keq), compared to the heat-treated cell.
The scanning electron microscopic image revealed that AFB1 induced structural changes on the
bacterial cell surface. The bacteria had rough and irregular surface along with curve rod-shaped
morphology. On the other hand, an in vivo experiment investigated the ability of LcS to bind AFB1 and
reduce AFB1 biomarkers in serum and urine of AFB1-induced rats. Sprague Dawley rats aged 7-8
weeks old were divided into 3 groups (n=8): A, LcS (109 cfu) + AFB1 (25 µg/kg body weight); B, saline
+ AFB1 (25 µg/kg body weight); and C, control. The serum AFB1 concentration of rats in group A
(49.6±8.05 ng/ml) was significantly (P<0.05) lower than in group B (88.12±10.65 ng/ml). Although
urinary aflatoxin M1 concentration was not significantly different, its concentration was lower in group A
than in group B. Histopathological examination showed lymphocyte accumulation in the small intestine
and colon, following AFB1 exposure. Besides, tumour-like growth can be seen in the small intestine of
rats in group B. Nevertheless, all the negative effects from AFB1 were alleviated with probiotic LcS
intervention. The current study highlights the potential use of LcS as a preventive agent against AFB1
contamination via its AFB1-binding capability. Furthermore, LcS limits AFB1 absorption in the small
intestine and subsequently reduces production of AFB1 biomarkers.
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analysis of an oligosaccharide-assimilation gene
Mikiyasu Sakanaka1,2,*, S. Nakakawaji3, S. Nakajima3, A. Abe3, W. Saburi3, H. Mori3, A. Yokota3 and
S. Fukiya3
1National

Food Institute, Technical University of Denmark, Denmark, 2Faculty of Bioresources and
Environmental Sciences, Ishikawa Prefectural University, Japan and 3Research Faculty of Agriculture,
Hokkaido University, Japan. *JSPS Overseas Research Fellow
mikiyasusakanaka@gmail.com
Bifidobacteria are major human gut bacteria represented as beneficial microbes. Therefore, elucidation
of their intestinal colonisation mechanisms by gene manipulation systems is desired. However, the
available systems are limited. Here, we report the development of a transposon mutagenesis system
for Bifidobacterium longum subsp. longum, based on a native IS3 family insertion sequence ISBlo11.
The ISBlo11 transposase expression system and transposon were separately inserted into two different
plasmids to achieve successful transposition. Different transposase expression plasmids were
constructed with xylose-inducible or constitutive bifidobacterial promoters and were tested for the ability
to drive the expression of a transposase gene. An artificial transposon circle, pBFS12, where ISBlo11
terminal inverted repeats were end-joined with a 3-bp spacer region, was constructed to mimic the
transposition intermediate of IS3 family elements and to facilitate transposition reactions. Introduction
of pBFS12 into a transposase-expressing B. longum subsp. longum 105-A (JCM 31944) strain resulted
in successful transposition with an efficiency of 103 cfu/μg DNA. Investigation of the insertion sites
revealed that pBFS12 targeted 3- to 4-bp random sequences, with a preference for non-coding regions.
Physiological and biochemical analyses of a transposon insertion mutant revealed a role of a putative
α-glucosidase gene in palatinose and trehalose assimilation, validating loss-of-function analysis by
transposon mutagenesis. The presented transposon mutagenesis system represents a significant
technological advancement that will accelerate functional genomics studies of B. longum subsp. longum
[1].
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Lactobacillus delbrueckii subsp. bulgaricus (L. bulgaricus) is used worldwide as a yogurt and cheese
starter. L. bulgaricus is a facultative anaerobic bacterium and will begin to proliferate and acidify milk
only after consuming the dissolved oxygen (DO) in milk (from 6-7 to approximately 0 ppm). Coupled
with oxygen consumption, L. bulgaricus produces hydrogen peroxide, which is important for its role as
a probiotic in humans. However, it is not clear which gene(s) are responsible for oxygen consumption
and hydrogen peroxide production because of technical challenges in performing chromosomal gene
manipulation in L. bulgaricus. The purpose of this study was to identify gene(s) that control DO
consumption and hydrogen peroxide production using a shuttle conjugal vector pGMβ1, which is
derivative pAMβ1. Although the conjugal plasmid pAMβ1 can replicate in many gram-positive bacteria
and almost all lactobacilli, it cannot replicate in L. bulgaricus. Therefore, it was proposed that pAMβ1
serves as a chromosomal integration vector for L. bulgaricus. An integrative conjugal plasmid was
constructed in Escherichia coli and then transformed into Lactococcus lactis IL1403 by electroporation.
IL1403 was used as the donor during conjugation with L. bulgaricus 2038. Conjugations were performed
using the filter-mating method, and an lbu1676 and lbu1677 gene deletion mutant was obtained by
double crossover events. lbu1676 and lbu1677 cluster genes showed high sequence similarity with
genes that encode a NADH-dependent flavin reductase, which is reportedly responsible for hydrogen
peroxide production in L. johnsonii. We could determine amount of hydrogen peroxide at extremely low
concentration using highly sensitive chromophore DA64 in the LAPTg medium, as this medium did not
consume or decompose hydrogen peroxide. We succeeded in constructing an lbu1676 and lbu1677
deletion mutant, and it showed significantly poor growth in LAPTg medium under static culture. The
mutant could not reduce DO in LAPTg medium. Under a shaking culture, the wild-type 2038 strain
produced 1000 μM hydrogen peroxide in 30 min, but no hydrogen peroxide formation was observed in
the medium containing the mutant. These results suggest that the lbu1676 and lbu1677 gene cluster
play a role in DO consumption and hydrogen peroxide production in L. bulgaricus.
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While bifidobacteria is well-known to contribute substantially to infant health, the details of the
transmitted routes have not been completely clarified yet. This study aimed to verify neonatal oral fluid
(OF) immediately after birth as a possible route of vertical transmission of bifidobacteria. OF was
collected from 20 healthy neonates vaginally born at childbirth. The samples were cultured in breast
milk (BM) that is expected to allow the selective growth of infant-type human-residential Bifidobacterium,
or YCFA that support the growth of most gut bacterial species, at 37°C for 48 h under anaerobic
conditions using a pH-controlled multi-channel fermenter. BM from their mother and infant faeces (IF)
were also collected at 1 month after child birth. These samples were analysed for microbiota profile and
bacterial numbers using Miseq and qPCR. For the isolation of bifidobacterial strains, OF with or without
culture, and IF were anaerobically cultured on TOS propionate agar supplemented with mupirocin. The
isolated strains were evaluated for their homology using genome sequencing. Total bacterial number
increased during culture for both BM and YCFA. Based on qPCR, Bifidobacterium (>104 cells/ml cultured
broth or cells/g faeces) were detected in 60, 53, 63 and 80% of OF before culture, OF cultured by BM,
OF cultured by YCFA and IF, respectively. Various species, such as Bifidobacterium longum spp.
longum, B. breve, B. pseudocatenulatum, B. adolescentis and others were found in OF by 16S
metagenomics analysis. In addition, high homology of genome DNA was observed between
bifidobacterial isolates from samples of paired OF and IF, which suggested that some of the
bifidobacterial strains were shared between OF and IF. In conclusion, the present study indicates the
presence of live bifidobacteria in OF at relatively high frequency and the possibility of neonatal oral fluid
at birth as a vertical transmission route of bifidobacteria.
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Intestinal microbiota has an important role in the overall human health. Antibiotics are well known to
negatively affect gut microbiota resulting in a long-lasting shift in its composition and functions. A diet
rich in dietary fibres (DFs) is critical for the microbial diversity and maintenance of proper functioning of
gut microbiota. DFs can also potentially protect gut microbiota against the harmful effect of antibiotics.
To facilitate the development of new gut microbiota benefiting DFs, a high-throughput screening of their
effect on microbiome was developed. We have established an in vitro batch-type fermentation model
for investigating the effect of dietary fibres on gut microbiota. A microtiter plate format allowed testing a
large number of DFs and therefore, it can be used as a first-line screening test. The fermentation model
was evaluated with well-known DFs such as inulin, FOS, XOS and AXOS. Further, this fermentation
model was used to investigate the potential of different new DF preparations to protect the gut microbiota
against the adverse effects of antibiotics. Bacterial community dynamics during the fermentation with
DF were followed using high-throughput sequencing, targeted qPCR and short chain fatty acid analysis.
Our results revealed that in vitro many of the DF preparations tested had a clear stimulating effect on
the growth of bifidobacteria and lactobacilli. At the same time, some of the DFs reduced the relative
amount of proteobacteria. The whole bacterial community profiling revealed complex interactions
between gut bacterial groups fermenting the DFs. Our in vitro model revealed that some DFs were able
to mitigate antibiotic associated disturbances in the human gut microbiota. These DFs are currently
under further investigations on their potential to minimise negative health outcomes.
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Spores of Bacillus coagulans GBI-30, 6086 show high germination, survival and enzyme
activity in a dynamic, computer-controlled in vitro model of the gastrointestinal tract
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The aim of this study was to assess the germination, survival and metabolic activity of the probiotic
Bacillus coagulans GBI-30, 6086 (GanedenBC30) (BC30) in a dynamic, computer controlled in vitro
model of the gastrointestinal (GI) tract, simulating human adults. Experiments were performed in the
presence of a meal to maximise germination, due to the presence of germination-triggers. Both an upper
GI tract (stomach and small intestine; TIM-1) and a colon model (TIM-2) were used, where material
exiting TIM-1 was added to TIM-2. Spores of BC30 were introduced in the gastric compartment of TIM1 and samples were taken immediately after the pylorus. Moreover, for 6 h, every hour the ileal efflux
was collected and a subsample was plated for viable counts (spores and germinated cells). The
remainder of the sample was fed to TIM-2, and after 24 h another sample was taken and tested for
viable counts. In addition, samples were taken from the dialysates of the model and analysed using LCMS/MS to determine bacterial metabolites and digestion products. Survival after transit through the
gastric compartment was high (97%) and most cells were still in the spore form (76%). Survival after
transit through TIM-1 was on average 51%, meaning that on average half of the orally provided spores
was found back as cfu on the agar plates. Of these on average 93% were germinated cells and only 7%
were spores. Twenty-four hours after the start of the experiments germination had increased in TIM-2
to 97% vegetative cells, and only 3% spores. No further loss of viability was observed in TIM-2. In terms
of metabolic activity, increased levels of amino acids, dipeptides and citric acid cycle metabolites were
found compared to experiments in the absence of BC30. In conclusion, BC30 spores germinate to a
large extent (>90%) in the presence of germination triggers in the small intestine in a model that closely
mimics the physiological conditions of human adults. Of the oral dose, as much as half of the cells
survived transit through the upper GI tract, and based on the metabolite profile, these cells were
metabolically active. Either these cells or the enzymes released from the dead cells aided in digestion
of the meal. These insights help explain some of the observations in previous experiments and support
the understanding of the mechanism of action of the probiotic BC30.
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Bacillus coagulans GBI-30, 6086 increases plant protein digestion in a dynamic, computercontrolled in vitro model of the small intestine
D. Keller1, R. van Dinter2, H. Cash1, S. Farmer1 and Koen Venema2,3
1Ganeden,

Inc., USA, 2Centre for Healthy Eating & Food Innovation, Maastricht University – campus
Venlo, the Netherlands and 3Beneficial Microbes Consultancy, the Netherlands
k.venema@maastrichtuniversity.nl
The aim of this study was to assess the potential of the probiotic Bacillus coagulans GBI-30, 6086
(GanedenBC30) (BC30) to aid in protein digestion of alimentary plant proteins. To test this, three plant
proteins, from pea, soy and rice, were digested in a validated in vitro model of the stomach and small
intestine (TIM-1) in the absence and in the presence of BC30. Samples were taken from the TIM-1
fractions that mimic uptake of amino acids by the host and analysed for α-amino nitrogen (AAN) and
total nitrogen (TN). Both were increased by BC30 for all three plant proteins sources. The ratio of
TN/AAN indicated that for pea protein digestion was increased by BC30, but the degree of
polymerisation of the liberated small peptides and free amino acids was not changed. For soy and rice
however, BC30 showed a 2-fold reduction in the TN/AAN ratio, indicating that the liberated digestion
products formed during digestion in the presence of BC30 were shorter peptides and more free amino
acids, than those liberated in the absence of BC30. As BC30 increased protein digestion and uptake in
the upper gastrointestinal (GI) tract, it consequently also reduced the amount of protein that would be
delivered to the colon, which could there be fermented into toxic metabolites by the gut microbiota. Thus,
the enhanced protein digestion by BC30 showed a dual benefit: enhanced amino acid bioavailability
from plant proteins in the upper GI tract, and a healthier environment in the colon.
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Evaluation of the survival of probiotic bacteria in an enteric coated triple layer tablet under
adult and senior conditions
S. Courau1, L. Espinosa2 and Koen Venema3
1Merck

Medication Familiale, France, ²Merck Consumer Health limited, UK and 3Centre for Healthy
Eating & Food Innovation, Maastricht University – campus Venlo, the Netherlands
k.venema@maastrichtuniversity.nl
Probiotics are live microorganisms which should be capable of surviving the passage through the
intestinal tract, be resistant to gastric juice and bile salts. Consequently, the galenical form is a crucial
phase in the development of products containing probiotics. Merck Consumer Health (CH) has
developed a tailored coating to protect the administration form, so that the life delivery of the bacteria in
the human gut is ensured. The age of the target population has also to be taken into consideration,
physiological intestinal conditions (gastric pH, time of digestion) being different in kids, adults and
elderly. The protective coating is an enteric layer, composed of two types of celullose polymers. The
coating is applied to a three-layer tablet with the purpose to delay the release of the active compounds
independently of the pH-conditions. This technology enables the probiotics in the tablet to pass through
the stomach and arrive alive in the intestine. The TNO in vitro gastro-intestinal model of the upper GI
tract (TIM-1) was used under the average physiological conditions as found in the human
gastrointestinal tract for adults and seniors. The tablets were introduced 1 h after the ingestion of the
meal, when the pH was approximately 4.0 in seniors and 2.5 in adults. Survival of lactobacilli and
bifidobacteria in the products was investigated during transit through the gastric compartment of the
model, and the complete upper gastrointestinal tract (TIM-1). The average survival rate for Lactobacillus
gasseri PA 16/8 was 93.5% in Bion 3 adult tablets, and 128% in Bion 3 senior tablets. For the
bifidobacteria (Bifidobacterium longum SP 07/3 and B. bifidum MF 20/5) average survival rate was
119.5% in Bion 3 adult tablets, and 177% in Bion 3 senior tablets. It should be noted that in terms of
percentage, the survival is in some cases >100%, which is likely due to the fact that a tablet used for
the in vitro studies may have contained more than the average number of cfu determined per tablet.
Survival was also expressed as the average percentage of intake for the two species together (L. gasseri
PA16/8 plus B. bifidum MF 20/5 and B. longum SP 07/3). When normalised, the cumulative survival in
the tablets was on average 97% in Bion 3 adult tablets and 98% in Bion 3 senior tablets. As for the
gastric experiments, cumulative survival was also expressed as the average percentage of intake for
the two species together. When normalised and expressed as combined survival of the two genera, the
survival in the tablets was on average 8.43% in Bion 3 adult tablets and 10.5% Bion 3 senior tablets.
Using the patented coating technology, Merck Consumer Health demonstrates that the combination of
three probiotics strains shows a high and similar percentage of survival under both specific condition:
adult and senior populations. Using the TIM-1 system, the survival of L. gasseri PA 16/8, B. bifidum MF
20/5, and B. longum SP 07/3 after gastric passage was shown to be very high (93% or higher), allowing
the combination of probiotic strains to arrive alive in the intestine, where they can exert their metabolic
activities.
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The potential of pectins to beneficially modulate the gut microbiota depends on their structural
properties
Koen Venema1,2, N. Larsen3, C. Bussolo de Souza1, L. Krych3, T. Barbosa Cahú3, M. Wiese3,
W. Kot4, K. Meyer Hansen5, A. Blennow6 and L. Jespersen3
1Centre

for Healthy Eating & Food Innovation, Maastricht University – campus Venlo, the Netherlands,
Microbes Consultancy, the Netherlands, 3Department of Food Science, University of
Copenhagen, Denmark, 4Department of Environmental Science, Aarhus University, Roskilde,
Denmark, 5CP Kelco ApS, Denmark and 6Department of Plant and Environmental Sciences, University
of Copenhagen, Denmark
k.venema@maastrichtuniversity.nl
2Beneficial

Pectins are plant cell-wall polysaccharides which can be utilised by commensal bacteria in the gut,
exhibiting beneficial properties for the host. Knowledge of the impact of pectins on intestinal bacterial
communities is insufficient and limited to a few types of pectins. This study characterised the relationship
between the structural properties of pectins and their potential to modify composition and activity of the
gut microbiota in a beneficial way. For this purpose, we performed in vitro fermentation of structurally
diverse pectins from citrus fruits and sugar beet (nine in total) and a pectic derivative,
rhamnogalacturonan I (RGI), using a TIM-2 colon model. The composition of microbiota throughout TIM2 fermentation was assessed by 16S rRNA gene amplicon sequencing. Both general and pectin-specific
changes were observed in relative abundances of numerous bacterial taxa in a time-dependent way.
Bacterial populations associated with human health, such as Faecalibacterium prausnitzii,
Coprococcus, Ruminococcus, Dorea,
Blautia,
Oscillospira,
Sutterella, Bifidobacterium,
Christensenellaceae, Prevotella copri, and Bacteroides spp. were either increased or decreased
depending on the substrate, suggesting that these bacteria can be controlled using structurally different
pectins. The main structural features linked to the pectin-mediated shifts included degree of
esterification, composition of neutral sugars, distribution of homogalacturonan and rhamnogalacturonan fractions, degree of branching and the presence of amide groups. Cumulative production
of the short chain fatty acids, propionate and butyrate, was largest in fermentation of sugar beet pectin
and RGI. This study provides evidence that the human gut microbiota can be modulated by pectins and
identifies specific features linked to microbial alterations. This knowledge can be used to define preferred
dietary pectins, targeting beneficial bacteria and favouring more balanced microbiota profiles in the gut.
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In vitro colonic fermentation of indigestible fraction isolated from tomato (Lycopersicum
esculentum)
A.P. Cárdenas-Castro1, V.M. Valdiviezo-Ruiz2, E. Álvarez-Parrilla3, J.A. Sánchez-Burgos1,
E. Montalvo-González1, Koen Venema4 and S.G. Sáyago-Ayerdi1
1Laboratorio
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of Biotechnology, Instituto Tecnológico de Tuxtla Gutiérrez, Mexico, 3Instituto de Ciencias
Biomédicas, Universidad Autónoma de Ciudad Juárez, Mexico and 4Centre for Healthy Eating & Food
Innovation, Maastricht University – campus Venlo, the Netherlands
k.venema@maastrichtuniversity.nl
2Laboratory

Tomato (Lycopersicum esculentum) is one of the most important vegetables around the world. This
vegetable has the second place in consumption. In Mexican diet, tomato is added, raw or cooked, to
endemic Mexican dishes like sauces. Nowadays the knowledge of the possible metabolites produced
during the colonic fermentation of isolated indigestible fraction (IF) from tomato is limited. Then, the aim
of this work was to identify the possible metabolites produced during this human gastrointestinal
digestion process. Methodology. IF was isolated from tomato and it was submitted into in vitro colonic
human fermentation conditions. The pH, total soluble phenols (TSP) content and antioxidant capacity
(AOX) (DPPH assay) values were evaluated after 0, 6, 12, 24 and 48 h of fermentation. The phenolic
compounds (PC) and metabolites identification was carried out using an HPLC-DAD-MS. Results. The
initial value of pH was 7.1 and the lowest value of pH was 5.74 after 48 h of fermentation. This decrease
could suggest the production of short-chain fatty acids. The highest TSP content was showed after 0 h
of fermentation (8.76 mg GAE/g of substrate) but after 48 h of fermentation, no TSP content was found.
Then, PC associated to the IF of tomato could be metabolised by gut microbiota before 48 h of
fermentation. Nevertheless, the highest AOX values was obtained after 48 h of fermentation (34.51
mmol TE/g of substrate). This could be attributed to the production of gut metabolites with higher AOX.
The main PC associated to the IF of tomato were caffeic acid, ferulic acid and chlorogenic acid. The
intestinal microbes could catabolise the chlorogenic acid by ester hydrolysis, ring cleavage,
hydrogenation and dehydroxylation to produce hydroxyphenylpropionic acids. Indeed, after 6 and 12 h
of fermentation, 3-(4-hydroxyphenyl)propionic acid was detected. Thus, chlorogenic acid could act as
substrate by intestinal microbes to the 3-(4-hydroxyphenyl)propionic acid production. Conclusion. The
profile of gut metabolites from PC associated to the IF of tomato could help us to understand the health
effects that could exert if they are absorbed.
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Lactobacillus elicits a ‘Marmite effect’ on the chicken caecal microbiome
Angela Zou1, J. Parkinson1,2 and S. Sharif3
1Molecular

Medicine, Hospital for Sick Children, Peter Gilgan Center for Research and Learning,
Canada, 2Department of Biochemistry and Department of Molecular Genetics, University of Toronto,
Canada, and 3Department of Pathobiology, Ontario Veterinary College, University of Guelph, Canada
angela.zou@mail.utoronto.ca
Antibiotic growth promoters (AGPs) have traditionally been used extensively by the poultry industry to
minimise infections within flocks and subsequently improve production efficiency. However, with the
rising fear of antimicrobial resistance, there is an urgent need to develop novel alternatives that can
maintain poultry health. Recently, interest in development of microbial consortia to ‘seed’ a maturing
microbiome has gained significant traction in poultry research. A consortium holds advantage to
individual probiotic strains because synergistic interactions, such as supplementing each other with
metabolites, can exist between complementary strains. These interactions provide the stability required
for synthetic microbial communities to colonise and establish themselves in the gut, as opposed to
individual probiotics which tend to exert transient effects. The current challenge is identifying stable
taxonomic associations and defining the composition of these synthetic communities. To help define
such taxa we present a meta-analysis of 16S rRNA surveys of 1572 caecal microbiomes generated from
19 studies. The caecal microbiota is often targeted by AGPs and feed supplements due to its perceived
influence on growth and health. Accounting for experimental biases, consistent with previous studies,
we find that AGP exposure can result in reduced microbiome diversity. Our network community analysis
identifies positive and negative taxonomic associations, defining groups of taxa that appear to form
stable clusters. Further, we identify that much like the ‘love/hate’ relationship between the British yeastbased spread, Marmite, and its consumers, Lactobacillus elicits a polarising effect on other members
the caecal microbiome to form stable sub-clusters. Together these efforts lay the foundation for
developing effective microbial consortia as alternatives to AGPs.
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P31
Signatures imprinted in gut microbiome of Asians: a comparative metagenomic study of
children in East and South-East Asia
Misato Horino1, M. Tanaka1, A. Uchikawa1, R. Momoda1, K. Sonomoto1, Y. Ogura2, A. Toyoda3,
T. Yamada4, K. Kurokawa3, T. Hayashi2 and J. Nakayama1
1Department

of Bioscience and Biotechnology, Faculty of Agriculture, Kyushu University, Japan,
of Medicine, Kyushu University, Japan, 3National Institute of Genetics, Japan and 4School of
Bioscience and Biotechnology, Tokyo Institute of Technology, Japan
ja6qpp@gmail.com
2Faculty

The Asian Microbiome Project (AMP) aims to gain insights into the gut microbial community of Asians,
which is expected to be deeply involved in the health of Asians through their collective function as an
interface between variety-rich foods and nations with long life expectancy. In the past AMP study, we
characterised the 16S rRNA gene profiles of faecal samples obtained from 303 school-age children
living in five countries spanning temperate and tropical areas of Asia. As a result, we found two
enterotype-like clusters, each driven by high abundance of Prevotella (P-type) or Bifidobacterium/
Bacteroides (BB-type), respectively. The BB-type was further divided into high Bifidobacterium group
(B-type) to high Ruminococcaceae/Lachnospiraceae group (RL group). In this study, to deepen our
insight of these Asian microbiome, we chose 36 samples from Japan, Korea, Indonesia and Thailand
covering all these types, and performed shotgun metagenomics sequencing. As a result of 2.8G pairedend read sequencing, we found approximately 20M genes containing 6,345 KO groups. By using the
abundance data of 290 major KO groups, we performed hierarchical clustering. As a result, 36 samples
were clustered into four groups, which mostly reflected the enterotype clustering. As a result of statistical
comparison among the groups, we found enrichment of genes for carbon and lipid metabolism in
Indonesian samples corresponding to P-enterotype and for membrane transport and saccharide
transport corresponding to B-type, respectively. We also found some genes specifically abundant in a
certain country. Notably, we focused on Japanese-specific genes in this study. For instance, genes for
plant polysaccharide degrading enzymes, such as β-agarase and β-porphyranase, were
overrepresented in Japanese children. This may reflect the Japanese unique dietary habit to daily
consume algae and seaweed. Furthermore, some antibiotic-resistance genes, such as vancomycin
(vanR and vanXY) and fosfomyicin (fosX), were uniquely presented in Japanese children. It would be
further interesting to know how and why these country-associated genes were enriched in their gut
microbiome.
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Maturation of the infant gut microbiota community and bile acids metabolism over three years
in healthy Japanese infants
Masaru Tanaka1, M. Sanefuji2, S. Morokuma2, M. Yoden1, R. Momoda1, K. Sonomoto1, K. Kato3 and
J. Nakayama1
1Department

of Bioscience and Biotechnology, Faculty of Agriculture, Kyushu University, Japan,
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and 3Faculty of Medicine, Kyushu University, Japan
msr456852@gmail.com
2Research

Gut microbial community greatly changes in early life while influencing the infant’s health and
subsequent host physiology, notably through its collective metabolism including the host-microbiota
interplay of bile acid (BAs) metabolism. BAs are jointly metabolised by host and its microbiota. The
principal metabolisms of BAs by intestinal bacteria are deconjugation, dehydroxylation, dehydrogenation
and hydrogenation, which transforms the taurine or the glycine conjugates of chenodeoxycholic acid
(CDCA) and colic acid (CA) into the secondary bile acids, ursodeoxycholic acid (UDCA), deoxycholic
acid (DCA) and litocholic acid (LCA). Various primary and secondary bile acids become ligands for the
farnesoid X receptor (FXR) and cell membrane receptors TGR5 and others and initiate a variety of
signalling cascades relevant to regulate lipid, sugar and energy metabolism in host. However, little is
known on how the development of intestinal microbial community associates with maturation of the
intestinal BA metabolism. To address this notion, we monitored the succession of gut bacterial
community and its association with faecal BA profile in the first three years of ten healthy Japanese
infants. The BA profiles were classified in four types of each defined by high content of conjugated
primary BA (Con-type), unconjugated primary BA (CDCA and CA) type (Pri-type), UDCA type (Urstype), and DCA and LCA type (Sec-type). Most subjects begun with Con-type or Pri-type during lactation
and eventually transited to Sec-type through Urs-type after weaning. Con-type and Pri-type were
associated with Enterobacteriaceae-dominant microbiota corresponding to neonatal type and
Bifidobacterium-dominant microbiota corresponding to lactation type, respectively. Urs-type subjects
were strongly associated with colonisation of Ruminococcus gnavus corresponding to weaning type.
Sec-type was associated with adult-type complex microbiota dominated by a variety of Firmicutes and
Bacteroidetes species. It warrants further study to address the link of the common developmental
passage of the intestinal BAs metabolism with infant’s health and subsequent host physiology.
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