Searching for synergistic effects of fibres and co-passengers. A new trend?
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Alignment of dietary fibers with gut bacteria for robust and predicted response.
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No Guts No Glory project - Lessons learned
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Targeted microbiome modulation through dietary fibres: a new chapter in precision nutrition
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From a universal sugar replacement strateqy towards unlocking the power of fibre-rich by-products
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You are what you wheat. Impact of whole wheat and fibres on health — and innovative ways for testing health effects
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Symposium

Content

Food and health - studies and recommendations
Dietary recommendations Generic, food groups, categories of ingredients

Health claims, Pre- and probiotics definitions  Specific compounds, specific bacteria

Trends: Synergistic effects, Mixtures, bioactive compounds, food structure

Synergistic effects of fibres and copassengers - examples

This symposium - key points
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Whole grain - synergism of fibre and co-passengers
Example: all-cause mortality — risk reduction

A Al cause mortality

1.25-

A All-cause mortality
125« e Linear model
~— Spline model
i : 0
259 fibre/ day:— 15% risk reduction (RR) 35-50g whole grain/day — 15@ RR
35- 50g whole wheat ~ 4-69 fibre
1.00 \\\ ....... -~ = o
) \\\\\ _________
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........ Linear model
-------- Spline model
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Reynolds A, Mann J, Cummings J, et al. Carbohydrate quality and human health:
— 1 NO "

a series of systematic reviews and meta-analyses. The Lancet 2019;393(10170):434-45



smeosim — \NMhole grains beneficial effects: ""“‘ s
due to fibre plus MANY other compounds &=

Oligo-
I Saccharides
EU Project accharites  phytate
200 201 0 Antioxidant
5 = Dietary fibre
Improved Phytosterols
i i olesterol-lowering
H intestinal Cholesterol-|
E function,
anadnglltfgiodse Alkylres_,orc_in_ols
A T Enzyme inhibitors
L
Polyphenols
T Ferulic acid
H Antioxidant o Beneficial
Lignans Synergistic physiological
G Phytoestrogens effects effects in
R humans
Tocopherols /-trieno)s
A Antioxidants, reduce
| LDL oxidation
Magnesium,
Chromium Vitamin E
N Folate L
Improved
é’{:? inpsul\i/n Choline, betaine antioxidant
= 7 sensitivity =~ Methyl donors
innovation



»retn - B-Glucans, polyphenols - synergistic matrix effects
| |

bran oams s

KRISTEK, A., WIESE, M. et al.
Oat bran, but not its isolated bioactive - oLy [ —
glucans or polyphenoils,

have a bifidogenic effect in an in vitro
fermentation model of the gut microbiota.
BJN, 2019, 121, 549-559
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Jefferson A., Adolphus K. The Effects of Intact Cereal Grain Fibers, Including Wheat Bran
on the Gut Microbiota Composition of Healthy Adults: A Systematic Review. Front. Nutr. 2019, 6:33.

- Intact cereal fiber consumption: increased microbiota diversity and/or abundance
- Hypothesis: Wheat bran (with non-fermentable and some fermentable fibers) could serve as an
ideal “dinner table” for micro-organisms.
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sympesium Optimizing food and fibre composition
The way forward

Strengthening insight - guidelines for studies

» Insights in impact of structures of fibre for microbial health Bruce Hamaker
» Theoretical basis for optimizing product structure of high fibre products Stefano Renzetti
and high-fibre by-products

Optimization of mixtures - Effective screening methods

» Gut microbiome: High throughput predictive in vitro exposure methods Femke Hoevenaars
Frank Schuren

» Sensitive innovative phenotypic flexibility method for measuring health effects Suzan Wopereis

Strategies for reaching low-income consumers Louise Dye

m innovation
for life
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My way forward WHOLE GRAIN

UNCETELAT EVE

» End of 2023 — departure from TNO

\!

Diet related mortality rates (Lancet, 2019)
> 2023 - 2024 - ??

Active for Cereal Science, ICC and its Diethighinsodbum

Whole Grain Initiative @

Number of deaths at the global level attributable to diet

Diet low in fruits
L | ® Global Whole Grain Definitions Group — chair Dietlow in nuts and seds
N '\§l = ICC Cereals&Bread Congress, Nantes, April 2024 i s

Diet low in seafood omega-3 fatty acids

= WGI Food Policy Group

Cause
M Cardiovascular diseases

@ Type 2 diabetes
Communication with WHO, FAO, EU, Dietlow in polyunsaturated fatty acds el
European Parliament Dietlowin legumes
Focus: highlighting importance of Whole Grain ! i = =om

Number of deaths (in thousands)

m Innovation
for life
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Concept: Fermentable fiber
structures align with gut

bacteria and can be used to : . :
support them Variety of fermentable dietary fibers

* Hundreds, perhaps thousands, of
diverse chemical structures

 Cell wall matrices

« Extracellular
polysaccharides/biofilms

+ Designed/modified physical
structures

- Different physical structure types 1

A Perspective on the Complexity of Dietary
8 Fiber Structures and Their Potential Effect on
¥ the Gut Microbiota

Bruce R. Hamaker and Yunus E. Tuncil




Matching fiber structures to specific gut bacteria

Matching fibers to preferentially support
probiotic-type bacteria holds the promise of:

 Predictable and precise response for prebiotics
« Consistent response for population benefit



? PURDUE | s

UNIVERSITY

Aligning structure to a butyrogenic genus

s Lachnospiraceae-

Ruminococcus
mm Roseburia
wm Coprococcus
—

. Blautia

mm Anaerostipes

mmm Lachnospiraceae

s Lachnospiraceae (other)

mm Clostridiaceae (other)

e Clostridiales

BN Parabacteroides
distasonis

W Bacteroides uniformis

= Bacteroides plebeius

B Bacteroides fragilis

mmm Bacteroides

W Bifidobacterium

.o . . b B = Sutturell
Highly specific alighment Qf a i“"“l“ “I““"“ I"““'" " | l' et
fungal glucan to Anaerostipes, I s Ruminococcaceae-

. Ruminococcus
a butyrate producer in I II ll I I Oscillospira
Clostridium cluster XIVa - I | l s
o ey rl | H U : I i li # Ruminococcaceae

* Substantial increase in ‘ I I‘|'|||
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Carbohydrate Polymers

journal homepage: www.elsevier.com/locate/carbpol

In vitro fermentation of Cookeina speciosa glucans stimulates the growth of = M)
the butyrogenic Clostridium cluster XIVa in a targeted way R
Thaisa Moro Cantu-Jungles“'b, Andrea Caroline Ruthes®“?, Marwa El-Hindawyb,

Roberta Barbara Moreno”, Xiaowei Zhang", Lucimara M.C. Cordeiro™, Bruce R. Hamaker”"",
Marcello lacomini®
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Relevance of fine structural alignment

% % % %
0.15- % % % %
Removal of -D-glucan branches
g prevent Anaerostipes sp. promotion
7
2 0.10-
:.%
8 PP (branched insoluble 3-D-glucan)
§ 0.05- PN (branched soluble B-D-glucan)
&' PPSm (debranched B-D-glucan PP)
PNSm (debranched 3-D-glucan PN)
0.00-
S G s
Y R ]
&
e

In review, Carbohydr Polym



Alignment of fiber structures to gut bacteria

.  a . - Simple physico-chemical structure Complex physical structure
Physico-structural variation of dietary fibers Pe P e.g. FOS e e

B-1,3

B-2,1 a-1,2 (
« Chemical structure G (G)” . H n
* Monosaccharide composition ' ‘ m

—> Insoluble

* Polymer size

Y
e Bra nching distribution specific glycoside hydrolases (few) %
: i Specific machinaries to access and
 Linkage types Complex chemical structure degrade linkages in insoluble polymers
e.g. xyloglucan (maybe cellulosome-like)
A
' ™
A 4 A 4

* Physical structure/properties

« Tri-dimensional arrangements (e.g., cell wall
matrices)

l 1

bacteria cell surface

« Solubility degree

« Viscosit ' ' ' '
y ’ Glucose ﬁ Xylose
— _J Fructose Galactose
. ®
specific glycoside hydrolases (many) 0 Arabinose

Cantu Jungles and Hamaker (2020) mBi



Non-digestible oligosaccharides and
mid-sized saccharides - examples

* Fructooligosaccharides

* Inulin

» Galactooligosaccharides

» Resistant maltodextrins

» Arabinoxylooligosaccharides

Common starch-based material

« Resistant starch (RS2 & RS3)

Structurally simple

\4

Structurally complex




Common non-starch
polysaccharides (NSP)

. Cellulose Structural[/ simple
e B-Glucan

« Pectin

. Arabinoxylans Structurally complex




Tolerability

Wheat AXOS (10 g) are tolerable (Cloetens

et al.,, 2010)
Complex fibers appear more tolerable
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Tolerance of arabinoxylan-oligosaccharides and their prebiotic activity
in healthy subjects: a randomised, placebo-controlled cross-over study
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British Journal of Nutrition (2010), 103, 703-713
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Contents lists available at ScienceDirect

Carbohydrate Polymers

ELSEVIER journal www.elsevier. bpol

Structural features of soluble cereal arabinoxylan fibers associated
with a slow rate of in vitro fermentation by human fecal microbiota

Lieselotte Cloetens', Willem F. Broekaert?, Yasmine Delaedt’, Frans Ollevier®, Christophe M. Courtin?, Pinthip Rumpagaporn®', Brad L. Reuhs?, Amandeep Kaur?, John A. Patterson®,
Jan A. Delcour?, Paul Rutgeerts' and Kristin Verbeke'*

Ali Keshavarzian®, Bruce R. Hamaker®*




Classifying dietary fibers for gut health

* Soluble vs insoluble
 Fermentable vs non-fermentable
 Prebiotic vs non-prebiotic



Accessible Matrices
or uncommon

Non-
fermentable

Fiber Fermentability Spectrum

Less Accessible
Not Accessible Matll':lzcses &

Insoluble

Chemically-
complex
Polymers

Rate l

Polymers

Oligosaccharides

Highly
Fermentable

Soluble
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Strategies to find alignment of fibers to
bacteria

Alignment of chemical structures
 Look at the ability that different bacteria have to degrade fiber CHOs

» The genomic presence of Carbohydrate-Active Enzymes, which are specific to the
sugar moiety and linkage type in the molecule

Understanding chemical and physical matrix alignment

* Look at the machinery that different bacteria have to access fiber CHOs

« Some have to physically bind to substrates (e.g. SUS-like systems, gram (-) bacteria,
such as Bacteroides spp.)

- Some have long appendages (cellulosomes) with enzymes attached to “reach in” and
get CHOs from insoluble fiber matrices (e.g. Clostridia, such as Ruminococcus spp.)

» Some have ports that directly and efficiently take in oligosaccharides (e.g.
Bifidobacterium spp.)
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SUS-like

Starch b
Oligosaccharides f f Arabinoxylan *
FeA f3
@ @ @

a?

O@*@

Maltose sensor and regulator: Monosaccharide
transcriptional activationof  import
the sus operon

Koropatkin et al., Nat Rev Microbiol 10, 323-335, 2012
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Aligning physical structure to butyrogenic Firmicutes

* Mouse study - 2 types resistant
starch - physically accessible (RS2)
and inaccessible (starch

microspheres, SM)

* Phyla shift to Firmicutes
» >2x mol% butyrate for SM group in

distal colon

Mojgtular Nutrition
RESEARCH ARTICLE ood Research

Fiber and Gut Microbiota www.mnf-journal.com

Physical Inaccessibility of a Resistant Starch Shifts Mouse
Gut Microbiota to Butyrogenic Firmicutes

Amandeep Kaur, Tingting Chen, Stefan J. Green, Ece Mutlu, Berdine R. Martin,
Pinthip Rumpagaporn, John A. Patterson, Ali Keshavarzian, and Bruce R. Hamaker*
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Soluble crosslinked corn bran arabinoxylan matrix
promotes butyrate proportion and butyrogenic bacteria

CAX —soluble corn bran arabinoxylan

SCCAX — soluble crosslinked CAX

Butyrate-producing
bacteria

Butyrate ratio in total SCFA

Propionate-producing
bacteria

In vitro fecal fermentation

(%)

b b b
‘J I I
a4 |
2 |
0

CAX-LFA SCCAX-LFA CAX-HFA SCCAX-HFA

Relative abundance

C
|
0

>
Food & g’w.«
Function
PAPER e

M) Check for updates Fabrication of a soluble crosslinked corn bran
arabinoxylan matrix supports a shift to

ite this: Food Funct, 2019, 10, 4497 g X
butyrogenic gut bacteria

.| Significantly higher
butyrate proportion

ab
b

Significantly higher
total relative
abundance of four
butyrate-producing
bacteria

HII ~

Blank CAX-LFA SCCAX-LFA CAX-HFA SCCAX-HFA

m Unassigned Ruminococcaceae
® Faecalibacterium prausnitzii

m Unassigned Blautia
B Unassigned Clostridium



DIETARY FIBERS STRUCTURES CAN
SUPPORT SPECIFIC GUT BACTERIA

: ...O

Does any fiber type
work consistently across
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USUALLY NO! DIFFERENT GUT MICROBIOTA COMMUNITIES
RESPOND DIFFERENTLY TO FIBERS

a
=== Baseline
& = FOS
PR RESEARCH ARTICLE

—~~ xlmn mBD May/June 2021 Volume 12 Issue 3 01028-21
e MICROBIOLOGY |~ https:/idoi.org/10.1128/mBio.01028-21
© vj
N
o
~ Dietary Fiber Hierarchical Specificity: the Missing Link for
8 Predictable and Strong Shifts in Gut Bacterial

Communities

Thaisa M. Cantu-Jungles?, Nuseybe Bulut?, Eponine Chambry?, Andrea Ruthesb, Marcello

.M. lacomini®, Ali Keshavarzian®, Timothy A. Johnson9, and Bruce R. Hamaker () 2

PC1 (34.61%)

® D1 O D2 H D3 % D4 V D5 A D6 8§ D7 [obs A D9 ¥D10

Direction shifts in beta diversity (Weighted Unifrac) in 24 hours in vitro
fecal fermentation of fructooligosaccharides (FOS)
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Fiber-utilizing capacity varies in Prevotella- versus
Bacteroides-dominated gut microbiota
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HERE, DIFFERENT GUT MICROBIOTA COMMUNITIES RESPOND
THE SAME TO THE HIGHLY SPECIFIC FIBER

PC2 (13.26%)
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Can we match a fiber to any bacteria?



Prebiotic “matching technology”

Prebiotic fibers that
promote gut bacteria in a
targeted way

» Promotes specific gut microbes or
key groups

» Consistent response across different
individuals

» Allows promotion of bacteria that

are difficult to cultivate outside the
body

Cantu-Jungles TM... Keshavarzian A, Johnson TA, Hamaker BR. Dietary Fiber Hierarchical Specificity: the Missing Link for Predictable and Strong Shifts in Gut Bacterial Communities. mBio. 2021 Jun 29;12(3):e0102821.



Potential of aligned or “precision” prebiotics

Target specific microbial taxa or groups of microbes
Robust promotion of target bacteria and related health responses
Works with oral probiotics, as well as gut-resident probiotics

More consistent results in different individuals

v’ Circumvent the need for individualized testing of gut microbiota responses
to fiber

v’ Effective at population levels



Same approach of alignment towards groups led
to prebiotic fiber mixtures for gut health

To support the core microbiome:

 Mix fibers that align to important health-

related gut bacteria Prebiotic
Fiber Mixture

) A

Fiber 1  Fiber 2 Fiber3  Fiber 4
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8- £ ¢



Core gut microbiota support — Parkinson disease

Fiber A Fiber B Fiber C Fiber D

| [ [ | Group

Prevotella

Butyrivibrio

Agathobacter

unassigned_Lachnospiraceae

unassigned_Ruminococcaceae

Ruminococcus

Dorea

2 Fusobacterium

Bacteroides

Catenibacterium

Phascolarctobacterium

Bifidobacterium

3 Anaerostipes

Blautia

Collinsella

Ruminococcus_torques_group
Fusicatenibacter

4 Parabacteroides

Faecalibacterium

Subdoligranulum

I

-1
I -2

Complementary groups of bacteria are
promoted with our designed fiber mixture

e A
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Nat Commun. 2023; 14: 926. PMCID: PMC9938693
Published online 2023 Feb 18. doi: 10.1038/s41467-023-36497-x PMID: 36801916

An open label, non-randomized study assessing a prebiotic fiber intervention in a
small cohort of Parkinson’s disease participants
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Core gut microbiota support — Parkinson disease

Proteobacteria Zonulin (ng

*

T— mm Basellne ‘/ H|gh|y tOIerablel

=3 Treatmen)

Relative Abundance (%)

v’ Effectivel in only 10 days to:

Baseline Probiotic DeNovo _Tréaiea Al 1. Promote a healthier balance of bacteria in the gut
2. Increase gut epithelial health

3. Reduce intestinal inflammation

4. Reduce brain injury

>

2
?
.
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— - T x
<3 00- g2 | = 1
E & . 2 2 100- Based on a Clinical trial with 20 Parkinson Disease patients, consuming 20g/day of the fiber mixture for 10 days
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Fiber mixture on mice model Parkinson disease

> Elife. 2022 Nov 8;11:e81453. doi: 10.7554/eLife.81453.
Pole Descent B Beam Traversal C Beam Traversal
* * . . . . .
h - - — A prebiotic diet modulates microglial states and
Hdokok ns
40— *k ns 60 000 30 o e - - - -
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o
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Prebiotic diet improves some of the motor deficits in ASO mice (A,B and C) and reduced a-

synuclein expression (D). Prebiotic diet alters microglia morphology and reactivity status in ASO mice -
Representative 3D reconstructions of microglia imaged at 40 X magnification.



OPPORTUNITIES IN THE DESIGN OF PREBIOTICS

Fibers for targeted, predicted, common response across individuals

Mixture of fibers aligned to resident health-related microbial groups
to support the core community and promote overall health

Blends of fibers designed to support marginalized bacterial groups
in specific disease states towards disease treatment and prevention

From material side, use of processing techniques to make a new
generation of fiber preblotlcs
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Metabolic phenotyping and Microbiome
Lessons Learned
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A randomized placebo controlled crossover clinical trial withfibers

Introduction

The Journal of Nutrition r*

. Obj ective: The health im pact of WGW Nutrient Physiology, Metabolism, and Nutrient-Nutrient Interactions AB&N)
consumption was investigated by quantification of
the body's resilience, which was defined as the Whole Grain Wheat Consumption Affects
"ability to adapt to a standardized challenge”. Postprandial Inflammatory Response
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From: Stroeve et al. Genes Nutr. 2015, 10:13
A randomized placebo controlled crossover clinical trial withfibers From: WO/Q@I’@[S S Proc Nutr Soc. 2022:7-13

Metabolic Phenotyping

Gastro-intestinal functionality
*  Host-microbiome interaction

« Digestion, Absorption & barrier function Bone & joint health {
* Transit time, bowel movements, stool bulk «  Bone mass, bone mineral density
* Incretin & satiety hormone production «  Joint function

Weight management

T Falls & fractures
* Body fat & body fat distribution, brown fat

PhenFlex challenge + Appetite and satiety
test. *  Adaptation carb/lipid switch h I h
" *  Insulin sensitivity .
+  Adipocyte expandability & macrophage infiltration ea t Carg:ozaslcz!ar hlea"hf "
_ H *  Adipokine production, free fatty acid release Genetics . lood clotting, plaque ‘orma ion
N=1 60 gr pﬂlm olein *  Diurnal rhythms white adipose tissue Immune function i 8Ioo§ i regu!ah.on,‘
= -75 gr glucose Neural mechanisms arFerlal stiffness, vasodilation
. as & metabolism *  Micro- and macro-vasculature
-20 gr Protifar Skin health - neration capacity +  Endothelial function & integrity
-0.5 grfzo drop[ets of «  Skin hydration, dryness Capacity to synchronise biological clocks *  Blood lipids, risk markers for CVD

H . . «  Skin elasticity, wrinkles
” artificial aroma « skin fragility
(V(]l"li“(]) *  Erythema Cognitive performance
psychological functions and other
H CNS domains

= *  Cognitive function
/’F\\ * Alertness, attention and sleep

- 320 ml tapwater

Physical health

*  Physical capacity and fitness - i i
S =g i L O el Heafth : c/::z:, anxiety and psychological stress
*  Physical fitness +  Saliva flow, oral dryness
*  Physical performance «  Gum function
' *+  Diurnal rhythms skeletal muscle * Dental plaque, acid production and dental calculus

¢ Tooth mineralization
*  Caries, gingivitis
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NGNG A randomized placebo controlled crossover clinical trial withfibers

A fiber intervention for microbiome modulation

in vivo in vitro

—
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o 12 week d

aily consumption
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A randomized placebo controlled crossover clinical trial withfibers

Study design in vivo

No Guts No Glory - Confidential

Visit1 Visit 2 Visit 3 Visit 4
PhenFlex PhenFlex PhenFlex PhenFlex
challenge challenge challenge challenge
12 weeks —intervention / placebo 8 weeks — wash-out period 12 weeks —intervention / placebo
period 1 period 2

‘ I ‘ I I A I I ‘
Faecal
samples

innovatian
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A randomized placebo controlled crossover clinical trial withfibers

Baseline Characteristics

Screened
N =164
Excluded
N=99 Entire cohort Males Females
(N=54) (N=29) (N=25)
Included
N =65 Antibiotics treatment
N=2 Gender (N, %) N/A 29,53.7% 25,46.3%
Statin use Age, years (mean +SD) 57.9+5.8 60.0£6.1  55.7+4.9
N=1
BMI, kg/m? -(mean, SD) 27.3%1.4 27.3*1.4 27.3+1.3
Completed SAE
N =57 N =2
Non-compliance
N=3
Analysed
N =54 _ _
TNO

No Guts No Glory - Confidential



A randomized placebo controlled crossover clinical trial withfibers

Microbiome modulation

m innovatian
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NGNG A randomized placebo controlled crossover clinical trial withfibers

Two clusters discernable in Phenflex biomarker
response




NGNG A randomized placebo controlled crossover clinical trial withfibers

Take home message

Microbiome modulation

« The fiber mixture was able to modulate the microbiome after 4 weeks of ingestion

Metabolic phenotyping

 Clustering on postprandial metabolism indicates a subset of metabolic responding participants

In vivo versus in vitro outcomes

* More to come...
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NGNG A randomized placebo controlled crossover clinical trial withfibers
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Targeted microbiome modulation
through dietary fibres:
a new chapter in precision
nutrition




Fibres historically

The history of dietary fibre goes all the way back to ancient Greece. However, although it has been known
since then that wheat bran™ is good for preventing constipation, dietary fibre was thought to be food waste
that was not absorbed by the intestines, and was even thought to cause the excretion of essential nutrients.

1970s
Dietary Fibres Hypothesis

The role of dietary fibres in human health and its

relation to Western diseases

Denis Burkitt Hugh meell
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NGNG study

History of the human gut microbiome
 Around year 2000

Intestinal Microflora

1014 microorganisms, >500 species

1800s - Present:
Culture, staining,
and microscopy

mid-1600s: used to study y
First microbes microbes that can 'g‘c
102 to 103 described be cultured
Lactobacilli Stomach
- . circa 1600: 1800s: 1990s:
Streptococci Gy e - = T < 104-5 Microscope Connection DNA sequencing
Lactobacilli (O N /‘ invented made between becomes available,
L i I AR < T microbes and allowing study of
o : \ = Jejunum disease microbes that cannot
l O =) (- be cultured
Enterobacteria (& X
Enterococcus \ < ‘ lleum 102 to 107
Faecalis -y J i |
Bacteroides _\ = 7
Bifidobacteria N 7z .
Peptococcus (N — Colon & appendix (109 to 1012
Peptostreptococc
Ruminococcus
Clostridia
Lactobacilli
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NGNG study

Human microbiome revolution

* Year 2000: TNO management saying: why should we study these beasts (=microbes), we

study humans!
* Much happened since then: we now suffer from a microbiome hype

- However, it has become clear that the human microbiome is an integral part of the human

body and system and plays important roles in health and diseases

« The current challenge is how to modulate the microbiome in order to stimulate health and

prevent disease

- And that is where fibres com into play



NGNG study

Human microbiome and systems health

Individual Nutriti
Variation — Nutrition
PREVENTION TREATMENT
Weight Management \ = Autoimmune
Immune Function T3 Immuno-inflammatory
Cognition Microbes Molecules Metabolic
Tolerance Neurological
Easier To Digest Systems Health Oncology
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Fiber

« Fiber driven microbiome
effects

* Many prebiotic fibers show
bifidogenic effect, but not all

« Induction SCFA production ’ il
| :;’ }

‘ ‘ ACETATE PROPIONATE N-BUTYRATE

untreated 0 51.4 8.4 8.0
FOS 4 55.2 11.4 13.5
inulin 4 83.2 10.8 14.7
alpha-GOS 4 771 6.5 14.3
beta-GOS 4 66.5 6.0 12.7
X0S-C 4 84.4 7.9 16.4
XO0sS-S 4 81.9 9.4 9.7
beta-glucan 4 80.2 31.0 19.2

| Int J Mol Sci. 2018 Oct;10;19(10). In Vitro Fermentation of Selected Prebiotics and Their Effects on the Composition
- Microbiota.Fehlbaum S, Prudence K, Kieboom J, Heerikhuisen M, van den Broek T, Schuren FHJ, Steinert R ed




NGNG project

One size fits all does not work for microbiome




NGNG project

Novel personalized approaches are needed




NGNG study

OUR ANALYTICAL APPROACH

Fecal collection from donors

in vitro incubation with fibers

Ol LD LOLOAD
Ok DLAALDLDLD

DNA and metabolite analyses

XX

16S amplicon
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NGNG study

EFFECT SIZE ON MICROBIOTA COMPOSITION

Fiber mix (low) <

Fiber mix (high) 4

Pectin -

Treatment

Psyllium <

Resistant starch 1

Cellulose +

Distance from untreated controls
IBD samples

B-glucan A

m
Il

. . .

1 B

Bray-Curtis distance

Agamennone et al 2023

The fiber mixes have a

stronger effect on microbiota

composition than the

individual fibers
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NGNG study

Fiber Effect on SCFA production

Distance from untreated controls: SCFA
IBD samples

Fiber mix (high) -

Fiber mix (low) -

B-glucan -

Pectin 4

Treatment

Cellulose A

Psyllium -

Resistant starch -

o

LA B J L]
e ° ™
- e
T T

-

—
———
—[]

Euclidean distance

Agamennone et al 2023

The fiber mixes have a stronger
effect on SCFA production than

the individual fibers
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Treatment effect - 0.296%

NGNG - Study

Microbiome modulation results in humans

Principal Response Curve analysis

Includes taxa representing 95% of all classified reads

Centre-log-ratio transformed

Significant treatment effect (P < 8.001), no significant treatment:time interaction

« Treatment effect for each

S participant is corrected for

its placebo effect

« Mean treatment effect is

0.1

significant, but not all

subjects respond equally:

0.0 1

large individual variation!

-9.14

) 4 8 12
Treatment time

Model specification: ~ sex + treatment:time + Condition(sex + time) m ifnn?_\fJatlon
or life




NGNG - Study

Human intervention mimick in vitro in i-screen

) Microtiter plate platform for high throughput human gut fermentations
» Colon (infants, children, teenagers, adults, obese)
) Pooled versus individual microbiome

) Fully anaerobic culture conditions

) Dedicated set-up for stabilizing high density gut microbiota

) Multiple read-outs

PCR DETECTION METABOLOMICS TRANSCRIPTOMICS

— GENUS LEVEL
ol

J“h’“l%ﬁ - :

bl el | L) B bl L |
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NGNG - Study ClinicalTrials.gov: NCT04829396

Microbiome treatment effects in vitro

RDA1

Treatment effect

Includes taxa representing 95% of all classified reads
Centre-log-ratio transformed
Significant condition effect (P < 8.001)

[ ]
o %
Q... by
e ©
o%e Y
L o% o
° [
Cs, 5
@ ®
° - o
o, (T} &
® o
»
o °° - L
° P
. . .
L
.oo 1
*% Q ° r\
[
.“. Py '
b @
°
® .
o
e
Untreated control Fiber mix

Condition

Median replicate sample; exluded outliers

* Mean treatment effect on B-

diversity is significant, but not
all subjects respond equally:

large individual variation
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NGNG project

Comparison in vitro in vivo treatment effects

Treatment effect association
Significant association (P < 8.85) @ week 8 & 12

« Treatment effect: within-subject

Week 0 - p=0.970 Week 4 - p=0.180
o : y difference between treatment and
TR S Lo (o, 00 |2 control situation
IS S o e v el | . o
2 el il s  Correlation of effect between in-vivo &
o L @ e . : o * . » o .
A e —* IN-VItro
< o= ‘ i
8 IR T * Principal response curve analysis
o : . ' .
: T P : . - Significant association at week 8 &
f 34 : ° . : o’ + o ® . ° i
| I s 12
5 : .o..’O/‘ ° : o o .30,
: = o : _ v o @
NI <X .. T
s : ; s : ;
Treatment effect in faeces TNO o 2tion

Exluding outlier subjects



NGNG project

Taxa responding to treatment in vitro and in vivo

Weight in iscreen treatment effect

0.4 4

0.2+

0.0 1

Treatment effect related taxa

Taxonomic weights significantly associated (P = 0.002)
Showing taxa with bootrapped P < 8.85

Ve

Bifidobacterfﬁm breve
7 °

®
Paraprevotslla SP.  Subdoligraffulum sp.
7

3 [ ]
Paraprevotella sp. d
Bifidobacterium sp. s
° 7’

Bifidobacterium ;p: Lachnospira sp.
[

P °
P Paraprevotella sp.
e
e
................... /,

" S
P i
7’ i

® Sepegalimassilia anaerobia
P :

e Collinsella aergfaciens

T T T T T
-0.1 0.0 0.1 0.2 0.3

Weight in faecal treatment effect

 Qverlap in treatment-associated
microbial taxa between in-vivo

& in-vitro results

» This learns us in vitro results can

be predictive for human effects
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NGNG study

How do gut microbes influence systemic health?

Neurons and function
Increased neurogenesis
Improved cognitive development
Improved memaory

"Antiaging" effect

Systemic circulation
Vagus nerve

Microglia

Development and function
Induced homeostatic profile
Reduced inflammatery signaling

Central nervous
system

Portal vein
Astrocytes
Reduced inflammatory signaling

Liver, pancreas,
fat tissue
Translocati i i
REROEAD Blood-brain barrier
Improved integrity
Reduced permeability

MmcT FFAR2
sMcT FFAR3

HCAR2
T GPR164

@@

Acetate Propionate Ba‘w—ra-te

T

60006690
Dietary fiber

(Complex carbohydrates) Gut Microbiota
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PCA2 - 17.1%

NGNG project

(=]
1

SCFA results in vitro

PCA
Concentration data
®
@
25 0.0 25 5.0

PCA1 - 41.7%
Excluding outlier samples, defined as sample with leverage > Q1+ 3 x IQR or < Q1+ 3 x IGR

Condition

Untreated control

@

KaroPro
@® Gum arabic

Fiber mix

Gum Arabic and Fiber mix
significantly induce production of
acetate, propionate and butyrate
This may be an indication of

systemic health effects
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NGNG study

PhenFlex challenge

geaulmoey HACRO Wureyents
ssﬁ-‘-

@ @ M eo Bwne
2,
LiveR
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o R 20n
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Height

NGNG study

Two clusters discernable in Phenflex biomarker response

Cluster Dendrogram

Cluster 1

Cluster 2

Based on metabolic features

Goal: indentification metabolic
responders vs non-responders

Clustering of subjects by magnitude of
change in metabolic features

* Glucose

* Insulin

» Triglycerides

» Total cholesterol

« HDL cholestserol

« NEFA

Change is defined as difference
between Placebo and Fibre condition at
week 12

Clusters are independent of gender

and fibre intake |
TNO [t




NGNG study

Metabolic phenotyping and Microbiome modulation

« Both clusters show a difference

between control and treatment.

» There is a significant cluster
treatment interaction indicating
that clusters 1 and 2 show
statistically significant
differences in microbiome

composition

No Guts No Glory - Confidential

RDA2 - 8.18%

0.14

-0.14

RDA

Clustering based on metabolic features
Significant cluster:treatment interaction (P = 8.84)

0
/8 12
K @
.'A 2@ Y —_—
:|12 ', :
48 dyricimafiaB
. 0 L BE
: ) WL /
:, 2 M P\ —
: 8
: ®
8
12
-@I 3 G' 2 é 1 @f@ @‘,1 @1,2

RDA1 - 80.32%

Excluding washout samples & subjects where 2 or more timepoints were outliers
Includes taxa representing 95% of all classified reads

Centre-log-ratio transformed data

Cluster
— 1

- 2

Treatment
) Control

) Fibre



NGNG study

I-screen as a predictor for metabolic response

« Elastic-net model for classification

Bifidobacterium adolescentis 4
« Predicts responder/non-response _—
Bacteroides fragilis 4

 Using treatment induced change in i-screen

Sutterella wadsworthensis 4

Bacteroides dorei o

« Taxa ordered by importance in model
C Accuracy: 91.5% Bacteroides intestinalis 4
 Specificity: 100%

 Sensitivity: 88.2%

Paraprevotella sp. 4
Candidatus Liberibacter sp. -
Bacteroides nordii 4
Streptococcus anginosus -

* 4 misclassified subjects

Hafnia-Obesumbacterium sp. 4

Lachnoclostridium sp. 4

b &
Wedh e
|| ia@md .
o
%ﬁl\
& I

e |

Conclusion: The /n vitroi-screen results can predict with high accuracy
whether a participant will be a PhenFlex reponder or non-responder

No Guts No Glory - Confidential

25 0.0 25
Change after treatment

Mean abundance
in untreated
control

1
10
100

O O o o

1000
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NGNG study

Ecological Momentary Assessment (EMA)

(a.k.a. experience sampling methodology)

Collecting everyday life data

Behavior (diet, social activity, etc)

Mood, anxiety, stress, well-being

Context (social, location, etc)

Short and immediate questionnaires

Repeated assessment, timing can be decided

“I feel cheerful”

not at all completely

Events (daily events, pleasant and/or unpleasant)

Positive affect (6 items: relaxed, energetic, enthusiastic, content, calm, and cheerful)

m innovation
for life

Negative affect (6 items: gloomy, anxious, nervous, irritable, dull, and tired)




NGNG study

Prebiotic intervention improves daily mood in
healthy adults

Negative affect: fibre treatment results in improvement in females
* Positive affect: fibre treatment causes improvement in both males and females

Microbiome changes are somehow involved

12 weeks of fibre improved mood in daily life in healthy adults

Some mood improvements were associated with increased microbial diversity

 Despite comprehensive biomarker analyses, underlying gut - brain mechanism remains

unclear



NGNG study

Human studies with personalized microbiome approach
g COLLECT

I-SCREEN PERSONALIZED
FAECES
(home)

ADVICE
v (lab) (home)

Individuals with
suboptimal health status

.
...........................................................
P
L )
/7
( { | )
AV

Improved microbiome
and health status
—h 6-month re-test for
5 types of prebiotics

adjustment of supplements

New Public Private Partnership based on in vitro stratification of participants in preparation

m innovation
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NGNG study

Take home message

 Microbiome can influence human health systemically
* Dietary fibres can play an important role

 Personalized approaches are necessary to achieve the full potential

 Simple prescreening can predict and support showing human efficacy




NGNG study

Future outlook

 Dietary fibres are an important part of healthy diets and can certainly

support the prevention of disease and support a healthy body system

 The future will learn if they also show potential in treating and maybe

even curing diseases

« There are as an example first indications that fibres may support the

efficacy of cancer immunotherapy, something no-one would have

thought of 10-20 years ago
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From a universal sugar replacement strategy towards unlocking

the power of fibre-rich by-products

Stefano Renzetti Optimising food and fibre composition
Wageningen Food & Biobased Research Leiden 20 September 2023
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Outline

a Principles of sugar functionality: focus on bulking properties

d Universal strategy for sugar replacement?
Q Example on bakery applications

d Valorization of fibre-rich by-products and ingredients

3 Conclusion
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Outline

a Principles of sugar functionality: focus on bulking properties
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Sugar functionality: Central hypothesis

Q It is more than just sweetness

: Viscous 3t Caramelization
e Sprour Flavour
0 Sweetness and color controlled independently of Texture Tough < Maillard
texture, e.g. via addition of minor ingredients: Soft  Hard Enzymes

Shelf-life

-> reducing sugar

Moulds Bacteria
-> natural sweetness enhancers

Intensity  Time

O Texture = controlled by multiple parameters,
most challenging

Q No single ingredient can mimic sugar

Q First focus on texture in sugar replacement

WAGENINGEN

UNIVERSITY & RESEARCH
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Texturizing function: Two physical parameters

" Sugar acts as a humectant: it binds water as hygroscopic matter

- competes with biopolymers for water during mixing

- Described by water interaction parameter X.¢

" Sugar acts as a plasticizer: softening texture/lowering viscosity

- works together with water to soften biopolymers

- Described by hydrogen bond density @,, o (OF Ny o)

WAGENINGEN gs::- extreams

UNIVERSITY & RESEARCH sugar replacers from s



Sugar as humectant: binds water

From sugar sorption properties... ....to food matrix

o

{;‘i" R? = 0.9485

o

o0

0o
j

C

o

ea]

b |
i

o

2o

Ln
i

Cake crumb a,,
2
o]
(a3
1

o
co
i

| | |

103

(vd Sman, 2017) N 04 045 05 055 0.6
1

0 0.2 0.4 0.6 0.8

o Xefr

Water binding
- well described by Flory-Huggins model

- Related to water-interaction parameter Xeff Renzetti, Sman, 2022. Food Hyd.
https://doi.org/10.1016/j.foodhyd.2022.107795

Application in cake

WAGENINGEN gf extreams
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https://doi.org/10.1016/j.foodhyd.2022.107795
https://doi.org/10.1016/j.foodhyd.2022.107795

Sugar as plasticizer: works with water to soften polymers

Water molecules Sucrose + water (= solvent)

QW water
[
.o

—————

N hydrogen
bond

bonds

______

hydroxyl
group

« Water, sugar and biopolymers (proteins, starches) interact via H-bonds
« For biopolymers it appears not to matter which molecule delivers H-bonds

- It is the volumetric density of H-bonds of the solution (solvent) what counts - ch,eff

WAGENINGEN
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Sugar as plasticizer: works with water to soften polymers

Sugar acts as a plasticizer to control:

" Viscosity - ’E‘
< hydrogen bond density @, o, 0r Nppy or | Sugar solutions )
(Sman, Mauer 2019, Renzetti, Hoek, Sman 2020) _
250 -
" Starch gelatinization SO\, L
: Wheat starch 150 1%
& hydrogen bond density @, .0r Noy o T $100 - \am - Glu
. ] ’ ’ peak = ° S0 .. o Xyl
(Sman, Mauer 2019; Renzetti, Hoek, Sman 2021) 50 . FOS
0 T T T T 1
0 02 04 06 08 1
¢w,eff
. . i . 140 -
" Protein denaturation/thermosetting Su0 4,
(e.g. egg white/gluten) Egg Ovalbumin £ 122: YR e
& hYdrogen bond denS|ty ¢W,eff,0r no,.,,eff Tpeak g 60 1 « water -« Suc * Glu
(Renzetti, Hoek, Sman 2020, Sman Renzetti 2021) -Bi 40 1 < Xyl * FOS
'_3 20

WAGENINGEN
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Outline

d Universal strategy for sugar replacement?
Q Example on bakery applications
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Sugar functionality in biscuit

O Humectant éxeff

ad Competes with flour for water

Q Plasticizer 2 ch,eff
Q Provides viscosity
a Controls gluten thermosetting
Q Prevents starch gelatinization

Sman, Renzetti 2022. Food Hydr. 10.1016/j.foodhyd.2022.107966

WAGENINGEN

UNIVERSITY & RESEARCH

Table 1
Sugar functionality for biscuit texture, with associated governing parameter.

Function during mixing Parameter

Sheared sugar erystals lead to abrasion of fat erystals, promobing air Xtal
bubble stability

Stabilization of air bubbles via steric hindrance Xtal

Slow dizsclution allows partial hydration of gluten Ker

Dizsolved suszar competes with sluten, arabinoxylans, and damaged KefF
starch for water

Together with fat it prevents full development of hydrated gluten Fer
network

Dizsolved sugar provides viscosity to the dough P

Sugar syrup provides cohesion to the dough ProrefF

Function during balang

Delays 1ts own dissolution Xtal, g, o5

Decrease of viscosity of dough by further dizsolution Xtal g, o5

Promotes spreading (via decrease of viscosity and quantity of solvent) P

Retards bubble growth via increase viscosity if moisture evaporates P

Regulates a,, rate of evaporation, steam pressure XefF

Delay gluten denaturation at higher temperatures ProrefF

Prevents starch gelatimzation P

Promote surface cracking via recrystallization Xtal

Sete bascuit into glasey state; renders erspiness P

‘. sugar repiacers rom sige-sireams
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Working hypothesis

a Similar texture if values of @, . and X
matched with reference product

A Variations with 50% sugar replacement
Q Sucrose replaced by mixtures of replacers

a (FOS, polydextrose, inulins, polyols)

WAGENINGEN

UNIVERSITY & RESEARCH

0.60 1 W Fox
fnm F05/POX oE+1
Ff.l-i
0,55
MAL/FOfg HAALPDX
Bl=1 i EF AL+1
.50
5 ¢ - Y
:h:: ERY/PDX
0.45 i vLMAL
' pERYMAL
f.'“r'L
0,40 *l i
"
0,260 0,265 0,270 0,275 0,20 0,285 0,290 0,295 0,300
¢'w. eff

Sman, Renzetti 2022. Food Hydr. 10.1016/j.foodhyd.2022.107966 .

= extreams 11
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Experimental validation of hypothesis

Dough and biscuit properties Biscuit sensory

5 Hygroscopic
A .
90° properties

2
b,r

Plasticizing
properties

S

| o® b:;brz 13-::°|
|

WAGENINGEN .E:-. extreams
UNIVERSITY & RESEARCH Sman, Renzetti 2022. Food Hydr. 10.1016/j.foodhyd.2022.107966 o sugar replacersfrom side-streams



Predicting sensory

Predicted

Initial Hardness Volume of Sound Effort to Chew

reference =p .,

reference =p reference =p ,

B =0
e, 50 =, 50 =, 50

40 40

40

30 30

0 0 an

10 - 10 | r -

10 20 a ai aid hidi el [{Tu} [ 1a] 14 0 L] i 50 L1 [ K} 1Tk ai 0 46l S &l i L ]H]
Y ¥ Y
Measured value Measured value Measured value

Sman, Renzetti 2022. Food Hydr. 10.1016/j.foodhyd.2022.107966

* Multiple solutions can be calculated for sugar replacement using @,,, .. and X, ,
allowing room for optimization of the biscuit for other quality or nutritional traits

WAGENINGEN == extreams 13
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Extension of principles to cake baking

" Jllustrated in state diagram with (I)W,eff ~ NoH,eff (Renzetti et al., 2022. Food Hydr.)

Network formation State diagram cake baking Cake volume via ¢W off
© 140 -
/\ 3 130 - —— Ovalbumin Tpeak 1000 ~
oI 71 77NN . - Ovalbumin Tonset CP R2 = 0.9406
- 120 - ——Ovotransferrin Tpeak
— 110 - ——Gluten thermosetting ~
&) =,
2 3 G 100 I £ 900 - %&.
= . o 90 - V CI)
= = & i £ ®
e 2 80 | 3
g z\’ (&) L%ig?\ove!\ rise g 70 g m.
o [[5co3” I ANy o S
£ 3[[55 2 60 - 2 500 - .
2 S 4 k 3 ¢-.,
AY © Ba_t(er. [©) 40 7 . ..
. ¥ . "o i Cake : Batter
§ ?' € o E'C\/)’;' zg (end) % X (start) 700 : : : |
," o 9/ T T T T T T T T T 1
- r:('- . I) i 0 010.20.30405060.70.809 1 0.47 0.48 0.49 0.5 0.51
Lambrecht et al., 2018. 0]
Food Hydr. ww,eff w, eff

WAGENINGEN == extreams 14
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Outline

d Valorization of fibre-rich by-products and ingredients
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Valorization of by-products

_ o Food production & transformation
O Food loss & side-streams still rich in Aeri .
griculture Food production

nutrients
QO >700 millions people obese from I' ) + side-streams

Limited crops - nutrients

calorie dense and nutrients poor Biodiversity issue
diets

If the principles for sugar functionality
are universal:

Molecules

(adapted from van der Sman, 2021)

O Can we engineer sugar replacers from fibre-rich by-products?
O Can we use these principles towards a more flexible use of fibre-rich by-
products and ingredients?

WAGENINGEN == extreams

UNIVERSITY & RESEARCH sugar replacers from s
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Engineering sugar replacers from by-products

., Water binding: x, _

1 ’ 5

& >

0.8 ﬁ( =

0.6 ® o

o O sugars/polyols =3

0.4 é& ) 8

0.2 ) O FOS/Inulins =

0 Cg‘
10 100 1000 10000

M,, (g/mol)

" For sugars, polyols, FOS/inulins
> X largely controlled by M,,

- Noy s depend on molecular structure (not just M,))

" Modify cell-wall fibres to optimally steer x.+and ngy

WAGENINGEN

UNIVERSITY & RESEARCH

40
35
30
25
20
15
10

Plasticizing: ny,,

Q")O
&
1€5)
cg
0 2000
M,, (g/mol)

=

O sugars/polyols
o OFOS/Inulins

4000

® X can be screened with

sorption measurements
Develop spectroscopic
techniques to screen for ngy

2 extreams

sugar replacers from side-streams
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Raman spectroscopy as process monitoring?

® Raman to allow characterization of physicochemical properties during processing

" Measure single sugar, oligos and build model to predict viscosity and ng o

" Models tested on complex mixtures

Intensity

x10*
4 -

y

500 1000 1500 2000 2500
x10*

500 1000 1500 2000 2500
Raman shifts

WAGENINGEN

UNIVERSITY & RESEARCH

Predicted log(viscosity)

Log(Viscosity)

viscosity R single = 0.99 R mixture = 0.92
T T T T

O Individual sugar
O Mixtures

0 1 2 3
Known log(viscosity)

Predicted nOHeffective

NoH,eff
120
O Individual sugar
110 f O Mixtures
100
NF
80
R single = 0.99
R mixture = 0.97
70F
60

60 70 80 90 100 110 120
Known nOHeffective

2= extreams

) sugar replacers from side-streams



Engineering sugar replacers from by-products

Designing fibre-rich sugar replacers from by-products

-

Side-streams

» Fruits (e.q.
peel, s=eds,
waste. )

» Careals (2.4

hull, bran,
wasbe. )

» Vegetables

(e.g. peels,
YL B
waste, ..}

» Tubers

~

%

Composition &
chemical
properties

= Polysaccharide
struchuares

= Waksr bincing

= Waker sorotion

" Tg

= -0H groups

= Mw

= Reducing
pelni by

= Golukility

WAGENINGEN
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Biarefinery

« Stabilization
= Fractionatian
* Physical
rmadification
* Fermenlalion
[Micrcbial,
2N2YImes)

Functionmality

= Texturizing
= Bulking

= Mouthfzel
= Swesbness

S

$

-

]

~

Application

« Bakery
+ Confectionary
= Bewverages

<= extreams

. sugar replacers from side-streams
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Sugar replacement to allow more flexible use of bran?

107 5
Bran enrichment in biscuit has detrimental i +Bran%
effects on: 1

0 dough rheology - stiffer dough

O biscuit texture = harder biscuits

104

——REF-B11_S16
——B13_S16
——B16_S16
——B19 _S16

J

107 107 107

102 10°

Strain
0 Can sugar replacement compensate negative effect of bran
enrichment?
KQESEYI\SI.IRI\EIEEAERENH Renzetti & van der Sman 2024. Food Hydr. .E::. extreams

https://doi.org/10.1016/j.foodhyd.2023.109226



Working hypothesis

O 3 main physicochemical parameters controls biscuit properties:

O @, .7 (plasticizing role water+sugars)
Bran content from 11 to 19 g/100g dough
Sugar reduced to 50 and 100%

O xerr (Moisture binding sugars) -

Q Dpran/ Prour (ratio bran:flour)

Aeff

ap o O O O O O O O O O
QO
QID = [
0.5 3 0.4 304
s o g% ooo o © 2% o 0 o o© o
= ~
o o
ap a 5
0.4 E93 0 00 o o <53/ 0 o o o o
. . O . O | O O | . . O
0.32 0.34 0.36 0.38 0.32 0.34 0.36 0.38 04 05
Owef Owefr Y eff

WAGENINGEN Renzetti & van der Sman 2024. Food Hydr. é
UNIVERSITY & RESEARCH

https://doi.org/10.1016/j.foodhyd.2023.109226
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Predicting biscuit quality

Symbols Description R2 (17 b, Bheanstlour
Dough rheology

Tonet Onset temperature 0.96 -1.00

Gansas G’ at onset 0.93  -0.27 -0.40 0.34
Go G"at 90°C 0.86 -0.58 0.42
tdoncer tan (9) at onset 0.96 -0.27  0.46 0.28
tdso tan (8) at 90°C 0.98  -0.20  0.53 -0.27
Biscuit properties

Bhath Height 0.91 0.57 -0.43
Blngt. Length 0.93 -0.24 0.38 -0.39
Bsy, Specific volume 0.92 -0.20 0.41 -0.40
Estress Fracture stress 0.76 -0.31 -0.40 0.29

Bmc
& Baw
Wit phi

0.5-
=
=
I e e
o~
E
a

bran/flour

¢bran/ belour

-0.5-

Biscuit ___—%®Fgiess

hardness

-1.0-

1
|

1

|

|

1

1

1

1

1

1

1

1

|

1

1
ol
I
Q,
1

|

Biscuit
dimension

1
1 ' '
0.0 0.5 1.0
Dim1 (65.5%)

O Combination of @, .¢¢, xerr @Nd Ppran/ Proyr Predict dough and biscuit properties

0 Possibility to decouple biscuit properties from nutritional composition

WAGENINGEN

UNIVERSITY & RESEARCH

Renzetti & van der Sman 2024. Food Hydr.
https://doi.org/10.1016/j.foodhyd.2023.109226
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A paradigm shift in bakery formulations

 Combined sugar reduction and fat reduction improves sensory perception of cakes
(Renzetti, van den Hoek, Stieger & van der Sman 2023. Food Hyd. In preparation)

Q Using novel formulation approaches with holistic view of food matrices
QO Decoupling texture from nutritional composition

Pound cake (traditional) New Pound cake (Revisited)
formulation

Sensory with naive consumers (n=51)

...... ,.#Q principles
. @ n S —_—
o g por REF VAR1 | VAR2 VAR3|] VAR4 | VAR5
.............. @ Liking  49+22" 47+21° |53+20™ 30+18%| 47+20°| 60+£20°
High Sugar * 30% less Sugar
High Fat 300 loce Fat Softness 51+20°) 49+20° |54+19° 25+17%| 46+17°| 68+19°
10% less Flour - o b d ¢ a
o e Dryness 52+¢22™] 57+18° |41+21° 72+16° 55+20°|| 2618
+ More Water
Fat > filler/lubricant: food more easy to break, . ) Sweetness 43121611 46119bc 55119C 3412061
more creamy Insoluble fibres > soft filler |
@ Egg (white) > structuring: gelling, builds matrix A~ Soluble fibres - plasticizer, humectant
c Flour - structuring: gelling, builds matrix
Starch = hard filler
B Sugar - plasticizer: make food soft 23

= Humectant: absorbs water



Outline

3 Conclusion

o extregﬁms 24
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Conclusion

" Texture of sugar replaced bakery product can be designed from 2 physical parameters
- Currently extended to confectionary and beverages

" Cell-wall materials could be a source of functional sugar replacers provided governing
physical parameters can be matched with e.g. sucrose

" Screening methodologies can be developed to assess physical properties of cell-wall
derived ingredients

- Allow to identify functional blends of cell-wall hydrolysates from various
by-products (ongoing work)

" Innovative formulation principles open opportunities to:

- Enable a flexible use of by-products as nutrient-dense ingredients
- Provide multiple (or personalized) solutions to optimize texture and nutritional
composition

WAGENINGEN == extreams 25
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Thank you for your kind attention!

d Questions?
Feel free to contact me
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Outline

1. Healthy soll, Healthy food, and Healthy people (H3)
* Overview and work packages

2. Fibre consumption in the UK HEALTHY SOIL
* Focus on low SES groups HEALTHY FOOD
HEALTHY PEOPLE

« SES inequalities in diet
« Health behaviour change in low SES groups

3. Fibre reformulation
« Background and framework
* Modelling study on what fibre reformulation could achieve
« Communicating about fibre

4. The new H3 fibre work package
« Co-designing interventions with industry




Background
UNIVERSITY OF LEED

SACN 30g/day recommendation for adults
Constipation, intestinal transit time, faecal mass
LDL-cholesterol, cardiovascular diseases,

colorectal cancer, T2DM. Replace pre-existing Add to pre-existing

BNF simple dietary modelling on feasibility of the products MEISIONS

recommendation. Possible to consume 30g/day if:  FElEllElREfple iS¢ « Diversification of products
« Meals are based on starchy foods reformulation - Adding food choices
- High fibre snacks are selected * Without significantly - Marketing strategies may

. 8 portions F&V altering food choices actively encourage

: . consumers to switch
Not reflective of average diets in the UK

Encourage greater consumption of fibre via public
health campaigns and education

Formulate foods with increasing levels of fibres via
innovation and reformulation




HEALTHY SOIL | TRANSFORMING
HEALTHY FOOD UK FOOD
HEALTHY PEOPLE SYSTEMS

Strategic Priorities Fund

Transforming UK food systems for healthy people & a healthy environment

 Transform the UK food system by placing healthy people & a healthy natural
environment at its centre.

 Addressing questions around what we should eat, produce & manufacture & what we
should import, taking into account the complex interactions between health,
environment & socioeconomic factors.

L

ﬁ UN]VFI‘{;I‘[‘Y OF h‘é University of
UNIVERSITY OF LEED CAMBRIDGE B BRISTOL



HEALTHY SOIL
HEALTHY FOOD
HEALTHY PEOPLE

Regenerative Biofortification
agriculture to increase .
: micro-nutrient Interventions
Hybrid orofiles to increase
farming fibre access &
Novel intake
growing ] )
techniques Transforming the UK food system ‘from the ground

up’ with interventions at the lab, farm, landscape
and consumer scale

Increasing
food system
resilience



Learning from The Danish i

fel

Wholegrain Partnership UNIVERSITY OF LEED

90 - Danish wholegrain intake per day

2 80 {rocommenced make g0y 10w [ _8 2_ .
A multi stakeholder public-private partnership including % Ll 63
government, health NGOs, and food industry ° ;‘j:
Aim: increase WG intake, improve accessibility and S
awareness of WG products and health benefits = 80
Combination of scientific evidence, dietary guidelines, £
logo, product reformulation and innovation, =
communication and education N S S
WG intake and availability increased Danish market availability of food products branded with the DWP WG logo

Not evenly distributed across SES
Reaching low SES populations is critical to address diet-
related health disparities

=1
N
(=)
o

1097

987
1000 A

800
800 - —
661 681 684

600 4

400 4

200 4

Number of products with wholegrain logo

HEALTHY SOIL
HEALTHY FOOD
HEALTHY PEOPLE
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Fibre intakes in the UK

UNIVERSITY OF LEEDS

* Mean intake of fibre is below 30g/day for all age groups N SACN recommended delly intake for >18 years (odey)
» Adults (19-64 years). mean intake of fibre is 19.7g and

9% meet the recommendation. S
» Fibre intakes are fairly stable overtime, but a small ? . SACN recommended daiy ek or 811 years G481 NONS Age Grouns
significant increase in fibre intake of 0.2 g/day per year g o-=65

-—-19-64 years

for adults aged 19-64 years.

O-11-18 years

-o=4-10 years

* Public health information campaigns and
reformulation/innovation actions ineffective at _ ' _ '
increasing fibre intake in UK. AD 2B oS B o

e2¢ e P e 2¢
Q\\Q N \\‘,\'2_ N | \%\\A N\ | \‘_)\\6 N} \%\\9 \‘B

5 " . X
100%\09 NN 20\7)\% 10\5.\\‘-’ NG

Year (NDNS Wave)
SACN: Scientific Advisory Committee on Nutrition

National Diet and Nutrition Survey Rolling programme Years 9 to 11 (2016/2017 to 2018/2019)
https://www.gov.uk/government/statistics/ndns-results-from-years-9-t0-11-2016-t0-2017-and-2018-t0-2019



https://www.gov.uk/government/statistics/ndns-results-from-years-9-to-11-2016-to-2017-and-2018-to-2019

Socioeconomic differences In
fibre intakes in the UK

i
o

UNIVERSITY OF LEEDS

. Fibre intake increases with increasing income

. Female adults (19-64 years) showed a significant
increase in fibre intake of 0.5g/day for every £10k
Increase in equivalised income.

. Intakes of most micronutrients also increases with
income

. The average UK quantity of fibre purchased per
person per day is lower for the lowest equivalised
income deciles between 2001/02 — 2018/19

Average fibre* (g) per person in household

TFibres non-starch polysaccharides.
2 Intake estimated as average purchased available dietary fibre (in grams)
divided by total number of household occupants

NDNS Years 1 to 9 of the Rolling Programme (2008/2009 — 2016/2017): Time trend and income analyses
DEFRA (2018/2019). Family food datasets: Equivalised income decile group, Household Nutrient Intakes: https://www.gov.uk/government/statistical-data-sets/family-food-datasets.

DEFRA, Food Statistics in your Pocket. 2022.

Equivalised
Income Decile

=== Highest 10%
= O=|\edian
= | OoWest 10%



Soclo-economic inequalities in diet
Contribution of food expenditure

ﬁ
nl

UNIVERSITY OF LEEDS

Cost of food: less nutritious foods often cheaper

and higher diet quality associated with higher
diet cost (Rehm et al., 2015).

Actual food expenditure, take-home food and

beverage purchases (2010) obtained for 24,879
UK households stratified by occupational social
class. Kantar WorldPanel UK household survey

Purchases of (1) F&V and (2) less-healthy
foods/beverages.

Higher SES was significantly associated with
greater actual food expenditure, which was in
turn associated with healthier purchasing.
Expenditure (cost) mediated 36% and 63% of
the SES differences in F&V and less-healthy
foods/beverages purchasing

Actual and/or perceived cost of healthy diets is
one factor driving SES differences in food
purchasing choices.

Food inflation, cost of living crisis, increasing
food insecurity will drive further SES inequalities
in fibre intake.

Mild food insecurity Moderate food insecurity

Worrying about Compromising Reducing

ability to obtain quality and quantities,
food variety of food skipping meals

Experiencing
hunger

Pechey R, Monsivais P. Socioeconomic inequalities in the healthiness of food choices: Exploring the contributions of food expenditures. Prev Med. 2016 Jul;88:203-9.



Barriers to fibre consumption
UNIVERSITY OF LEEDS

« Sensory profile

« Consumer perceptions: Starchy food associated with weight
gain or digestion discomfort

Fattening/heavy/filling/bloating/sluggishness
 Cost
« Longer preparation and cooking time
» Lack of cooking skills or facilities

* Need to eat (and cook) separately - often families do not
eat together

» Lack of awareness of high fibre foods and health benefits
* Rapid abandonment of high fibre diets

Gl symptoms, constipation, taste




Health behaviour change in low

Income populations UNIVERSITY OF LEEDS
« Lower SES groups have poorer health outcomes vs. high SES groups

« Behaviours linked to health (diet, PA, smoking) show a similar social gradient

» Targeting health behaviour change interventions at low SES groups is a means to reducing health inequalities
but differential effects by SES.

« Effects are smaller in low SES vs. high SES groups. This may lead to intervention-generated inequalities and
may even widen SES-related health inequalities.

Intervention Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean _ SD Total Weight IV, Random, 95% Ci IV, Random, 95% Cl
Parra-Medina 2011 213 69 80 -268 73 71 40%  0.77 [0.44, 1.10] e —
Chang 2010 633 342 28 473 341 42  2.1%  0.46[-0.02, 0.95] SR & MA of RCTs (35 StUdleS, n—17000) on
Jackson 2011 044 16 134 -02 15 153 6.3%  0.41[0.18, 0.65] —_ . . . .
Keyserling 2008 4 031 107 39 031 110 53%  0.32[0.05,0.59] —_— effectiveness of interventions for low-income
Steptoe 2003 140 22 136 0.87 222 135 6.2%  0.28(0.04,0.52] —_
Elder 2006 - Promotol -43.1 19.65 107 -49.1 23.79 107 5.3% 0.27 [0.00, 0.54] ——— 1 1 1 1
Awala 2007 31 248 107 244 242 6 4%  037(004058 —— groups in changing diet, PA, smoking
Auslander 2002 -32,1 13.37 138 -35.6 13.37 156  6.5%  0.26 [0.03, 0.49] —_— "
Sanchez-Johnsen 2006 533 3.4 14 463 251 13  Lo% 0.3 [-053 098] demonstrated small positive effects.
Emmons 2005 357 2 977 313 2 977 12.8%  0.22[0.13,0.31] - » '
Gans 2009 - ST 092 292 454 042 251 150 81%  0.18 [-0.01,0.36] » Effects positive but small for diet (n=16) SMD: 0.22.
Nitzke 2007 49 235 571 4.6 245 684 1L7%  0.12[0.01,0.24] —~ . . : o
Gans 2009 - MT 072 255 462 042 251 151 8.2%  0.12[-0.07,0.30] S B * Equivalent to intervention groups eating just under
T 2007 3.74 211 131 355 224 131 6.1%  0.09[-0.16, 0.33] —_— .
Gans 2009 - MTI 036 2.58 474 042 251 150 8.2%  -0.02[-0.21,0.16] — half a portion of F&V more than controls a day.
Elder 2006 - Tailored ~ -49.8 19.89 99 -49.1 23.79 53  3.9%  -0.03 [-0.37,0.30] —— SRs in general populations tend to report larger
Total (95% CI) 4019 3149 100.0%  0.22 [0.14, 0.29] 'S :
Heterogeneity: Tau® = 0.01; Chi® = 28.84, df = 15 (P = 0.02); I = 48% _:1 _6_5 -7 DES 1 eﬁ:eCtS for dlet SMD 031

Test for overall effect: Z = 5.51 (P < 0.00001) Favours control Favours experimental

Bull ER, Dombrowski SU, McCleary N, et al Are interventions for low-income groups effective in changing healthy eating, physical
activity and smoking behaviours? A systematic review and meta-analysis BMJ Open 2014;4:e006046.



Why are interventions less

jut
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UNIVERSITY OF LEED

effective in low SES groups?

Review of 27 studies examining key explanations for ineffectiveness of
nutrition interventions at achieving behavioural change among low SES adults

Health Iiteracy Economic resources

Unable to understand the
iInformation

Cost of healthy food, living in
food deserts, cost of food more
important vs. health/nutrition

Four themes

Convenience

Health lower priority than
convenience

Social resources
Lack of social support

REVIEW ARTICLE

128! i for the (i i of nutrition information
interventions among adults with a low socioeconomic status: a

scoping review

e Grocniger'” ©, Willem de Koster' © and Jesacn van der Waal' ©
Sy, s Usiesy Rasrdan, Berometr Oudioe 50, 30620 R, e

o o s

i 3 ow SES. i R p——p—




Canene-Adams, K et al. (2022). Estimating the potential public health impact of fibre
enrichment: A UK modelling study. British Journal of Nutrition, 128(9), 1868-1874.

What reformulation could

achieve in the UK UNIVERSITY OF LEED

Statistical modelling study on UK data: impact of a fibre reformulation intervention on intakes and health outcomes
NDNS years 7 and 8 (2014/2015-2015/2016)
A total of 915 food and beverages were deemed eligible for fibre enrichment

Three fibre reformulation scenarios based on the EU legislation for nutrition claims:
1. 0 g fibre/100 g- concentration was left at zero
2. <3 g fibre/100g increased to 3 g/100g
3. 23 g fibre/100g, 3g of fibre added.

Simple market share of 50% was used: 50% of the foods of interest consist of an altered fibre product



Canene-Adams, K et al. (2022). Estimating the potential public health impact of fibre
enrichment: A UK modelling study. British Journal of Nutrition, 128(9), 1868-1874.

What reformulation could g
achieve in the UK UNIVERSITY OF LEEDS

Nutritional composition changes were implemented and nutritional intake outcomes were assessed. Comparisons
were made against the baseline diet (representing the market pre-reformulation)

Algorithms sourced from literature were applied to the baseline and intervention intakes for fibre to estimate the
effect of fibre reformulation on weight reduction, CVD, and T2DM risk reductions

Fibre reformulation intervention demonstrated a 2.2 g/day increase from baseline in population aged 2-94 years.

Age % meeting recommendation at % meeting recommendation at
: . : % change
(years) baseline intervention
2-5 14-9 32:5 +218-1
6-10 10-6 22:4 +211-3
11-16 5-7 9-4 +164-9
17-94 8-0 12-2 +52.5

5.9 % of ppts could achieve a weight reduction, 72.2 % a reduction in cardiovascular risk and 71.7 % a reduced
risk of T2DM with fibre fortification (all Ps < 0-05) under the modelled scenario.



Reformulation and innovation

fut
UNIVERSITY OF LEEDS

Fruits, vegetables, pulses and cereals can be P—

added to mcrease fibre content ~# - "
NUU ition BU \CU (O 10.1111/nbu 1245

Functional flbrei
from whole food:
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Framework for product

fid
reformulation UNIVERSITY OF LEED
A -
* Voluntary/mandatory
reformulation targets
* Dietary pattern and health * Nutrition labelling
* Relevant nutrients * Ingredient/additive
» Product groups legislation ‘
- Reforumulation goals Nutrition yoa * Nutrition & health claims
& Health U LEIELE U . Front of Pack labelling
* Pricing policy
. v

= Consumer perception
* Marketing

« Effects on purchase of
labelling and advertising

* Cost aspects

Food
Technology

[

Consumer’s
perspective

J

» Taste and flavour

« Texture and stability

* Processability

* Microbial stability

* Replacement strategies

van Gunst A, Roodenburg AJC, Steenhuis IHM. Reformulation as an Integrated Approach of Four Disciplines: A
Qualitative Study with Food Companies. Foods. 2018 Apr 20;7(4):64. doi: 10.3390/foods7040064.;



Considering the barriers and n
motivations within the food industry UNIVERSITY OF LEEDS

+ UoL research 2022 (in prep) Restrictive health claims

 Aimed to understand the barriers and motivators for
FR within industry

« Semi-structured interviews were carried out with food
industry professionals employed throughout the _
supply chain from raw ingredient manufacturers to Consumer perception
retailers

Cost challenges



Communicating about fibre

jut
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UNIVERSITY OF LEED

« Labelling and nutrition and health claim
regulation pose challenges

« Consumer awareness, marketing,
commercial incentive.

* Fibre is not included in the list of mandatory
BOP nutrients and FOP declaration (TL
labelling in UK).

* No Reference Intake for fibre.
» For companies keen to capitalise on fibre

and health claims is important.

content, developing products that meet nutrition

Source of fibre: at least 3g/100g or
at least 1.59/100 kcal.

High in fibre: at least 6g/100g or 3g
/100 kcal

Authorised health claims on
specific fibre types and intestinal
transit time, faecal bulk, normal
bowel function, reduction of the
blood glucose rise after meal,
cholesterol levels.

Need particular type of fibre and
meet CoU to bear claim.

Communication of the wider health
benefits of fibre potentially difficult.



New H3 work package on fibre

i
o

UNIVERSITY OF LEEDS

HEALTHY SOIL )
HEALTHY FOOD
HEALTHY PEOPLE Interventions

to increase
fibre access &
intake

How can we most effectively increase fibre intake in low SES populations?

Reformulation and innovation and promotion - products to increase fiore/WG (health by stealth)
Community interventions with low-income consumers
School meals and school breakfast programme in schools with high deprivation

Demonstrate improved functionality: slower energy release/nutrient absorption (in vitro digestion),
appetite & palatability

Rollout reformulated products to schools/community interventions for longer term evaluation (taste
panels, repeated exposure studies)



Collaborate to bridge the fibre gap

UNIVERSITY OF LEEDS

The effects of fibre reformulation or innovation on
« Consumer acceptance, satisfaction, palatability
« Fibre intake, appetite, digestion, and wellbeing

QOutcomes:

« Develop foods that are a source of/high in fibre, which are also
affordable and appealing

« Better understanding of people’s preferences of reformulated or
new higher fibre products through testing and trials to ensure that
product is driven by consumer perception

* Increase awareness and accessibility of higher fibre products

Fully funded by UKRI

» Co-design of protocol so that they align with both parties’
objectives.

* Products AB| MAURI
April 2022-Dec 2024

AB Mauri UK & Ireland

To be involved or for more
information contact:

Louise Dye (l.dye@leeds.ac.uk)




fut
UNIVERSITY OF LEEDS

Thank you

Further information

Contact:
Louise Dye (l.dye@Ileeds.ac.uk)

Watch the H3 project film: https://www.youtube.com/watch?v=4926FkaV|tY
Visit the H3 website: https://www.h3.ac.uk/
Read an outline of the project in Nutrition Bulletin (2021): https://doi.org/10.1111/nbu.12531

1 TRANSFORMING

UK FOOD HEALTHY SOIL
SYSTEMS '?'1'3 EALHY PEOPLE

Strategic Priorities Fund



mailto:l.dye@leeds.ac.uk
https://www.youtube.com/watch?v=4q26FkaVjtY
https://www.h3.ac.uk/
https://doi.org/10.1111/nbu.12531

You are wh
wheat.

Impact of whole wheat
and fibres on health — and
innovative ways for testing
health effects

Dr. Suzan Wopereis, Principal scientist, TNO




Optimising food and fibre composition

Ambition
“adding health to life”

Going from lifespan to healthspan by bringing
evidence based lifestyle solutions to the public.

Life expectancy (LE): Life without chronic disease:
1981 2019 1981 2019
[ ] [ ]
Inl 73 jaar 80 jr Inl 55 jaar (18) 46 jaar (34)

® ®
ﬂ 79 jaar 84 jr ﬂ 54 jaar (25) 41 jaar (43)

We live longer (+ 6 years of life expectancy), but with less

healthy years (+17 years of life expectancy with chronic disease)




Optimising food and fibre composition

How in the context of food & nutrition?

Personalized

Health claims “the accordion effect” L
nutrition
Promotion of Phenotypic Flexibility Increased
substantiated adherence to
healthy foods for substantiated
general population healthy foods

m innovation
for life 3

Adapted From: Wopereis S, Proc Nutr Soc. 2022:1-13



Optimising food and fibre composition Phenotypic flexibility as a measurement for health

The PhenFlex mixed-meal challenge test drink
k/ A new standardized method to quantify health and intervention effects

PhenFlex challenge test:

- 60 gr palm olein

- 75 gr glucose

- 20 gr Protifar

- 0.5 gr/20 droplets of
artificial aroma (vanilla)
- 320 ml tapwater

u m innovation 4

for life

From: Stroeve et al. Genes Nutr. 2015; 10:13



Optimising food and fibre composition Phenotypic flexibility as a measurement for health

The PhenFlex mixed-meal challenge test drink
k/ A new standardized method to quantify health and intervention effects

PhenFlex challenge test:

- 60 gr palm olein
- 75 gr glucose

- 20 gr Protifar

- 0.5 gr/20 droplets of

artificial aroma (vanilla)
s - 320 ml tapwater

u m innovation 5

for life

From: Stroeve et al. Genes Nutr. 2015; 10:13
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Intervention effect

Amplitude
Amplitude

From: Stroeve et al. Genes Nutr. 2015; 10:13




Optimising food and fibre composition Phenotypic flexibility as a measurement for health

Dynamic phenotyping

Starchy middle layer
with carbohydrates
and protein
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From: Stroeve et al. Genes Nutr. 2015; 10:13; van Ommen et al. Nutr Rev. 2017; 75(8):579-599



Optimising food and fibre composition Health effects from whole grain vs refined wheat

\mmm“* (‘ o .
The | =-ili=n<~ project

Towards health claim substantiation for whole grain wheat products

Whole Grain Refined Grain

Fiber-filled outer layer with
vitamin B and minerals

Starchy middle layer
with carbohydrates
and protein

Nutrient-packed core with
vitamin B & E, phytochemicals.
and healthy fats

UMIWERSITY & RESEARCH Innovation for life

32>
umecac C\P__@ 6"@ WAGENINGEN GoodMills m innovation
orea |

Worlawide
Ml Kennis- en adviescentrum

voor de bakkerij
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http://goodmillsinnovation.com/en
http://www.wur.nl/

Optimising food and fibre composition

\

Fiber-filled outer layer with
vitamin B and minerals

Health effects from whole grain vs refined wheat
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Health space analysis for interpretation of the health effect

Health space analysis may help to do an
interpretation of multiple dynamic
challenge responses related to separate
health domains (i.e. using prior
information) as a result from a
nutritional intervention.

m innovation
for life

From: Hoevenaars et al. JoN 2019,149(12):2133-2144




Optimising food and fibre composition

Fiber-filled outer layer with
vitamin B and minerals

Health effects from whole grain vs refined wheat

“YOU ARE WHAT YOU WHEAT.”

See corresponding editorial on page 1162

A 12-wk whole-grain wheat intervention protects against hepatic fat:
the Graandioos study, a randomized trial in overweight subjects

Sophie Schutte,’ Diederik Esser,! Femke PM Hoevenaars,? Guido JEJ Hooiveld,' Marion G Priebe,” Roel J Vonk,”

Suzan Wopereis,® and Lydia A Afman’

'W:Lgcningcn University, Division of Human Nutrition, Wageningen. The Netherland:
Research Group Microbiology & Systems Biology, Zeist, The Netherlands; and 3Unive

Medical Sciences, Groningen, The Netherlands

ABSTRACT

Background: Whole-grain wheat (WGW) is described as nutri-
tionally superior to refined wheat (RW) and thus advocated as the
healthy choice, although evidence from intervention studies is often
inconsistent. The liver, as the central organ in energy metabolism,
might be an important target organ for WGW interventions.
Objective: The aim of this study was to investigate the potential
benefits of WGW consumption compared with RW consumption on
liver health and associated parameters.

Design: We performed a double-blind, parallel trial in which

S0 _coramuaicht A5  to T v old soon asnd ooctoaaoooaoacal suoonan

liver
NCT(

Keyw
whole
challe

INTR
Wi

Editorial )

E5L1320 J

See corresponding article on page 1264.

You are what you wheat: effects of a whole-wheat diet compared with
a refined-wheat diet on hepatic steatosis

Vignan Manne and Kris V Kowdley

Liver Care Network, Swedish Medical Center, Seattle, WA

An estimated 24% of the population worldwide have some
form of nonalcoholic fatty liver disease (NAFLD), ranging
from steatosis to nonalcoholic steatohepatitis and nonalcoholic
steatohepatitis cirrhosis (1). NAFLD/nonalcoholic steatohepatitis
has become a leading cause of chronic liver disease and is
one of the most common indications for liver transplant (1).
The rise of NAFLD has mirrored the rise of metabolic diseases

In this issue of the Journal. Schutte et al. (8) present a random-
ized, double-blind, parallel study of 50 overweight subjects on a
12-wk wholegrain-wheat (WGW) diet or refined-wheat (RW)
diet. Subjects were included if they were 45-70 y old, were
overweight, and had mild elevations in serum total cholesterol
but were not on medication. Subjects were excluded if they
had large changes in weight (=5 kg) a month before screening
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Optimising food and fibre composition

Health effects from whole grain vs refined wheat

\ Could phenotypic flexibility deliver next generation health claims?

Key developments needed:

Late biomarkers 1) Defined standardised
of disease/effect

Early biomarkers
of disease/effect

Onset of
disease/effect?

homeostasis

[ Nutiton

Time

Good news:

In 2017 the EFSA Scientific Committee proposes “ increased resilience

> f Challenge tests |

A

y

challenge test

2) Defined markers
representing benefit area

3) Defined model (i.e. health
space) for interpretation

4) Determination of clinical

relevance of significant
effect

to a challenge” as a beneficial nutritional health effect

From: Hoevenaars et al. Nutrients 2020, 12(10):2945

m innovation
for life




Optimising food and fibre composition Personalised health and whole grain

& The PhenFlex mixed-meal challenge test drink

v A new standardized method to quantify health and intervention effects

vitamin B & E, phytochemicals,
and healthy fats

PhenFlex challenge test:

- 60 gr palm olein

- 75 gr glucose

- 20 gr Protifar

- 0.5 gr/20 droplets of
artificial aroma (vanilla)
- 320 ml tapwater

u m innovation

for life

From: Stroeve et al. Genes Nutr. 2015; 10:13
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Optimising food and fibre composition Personalised health and whole grain

Q Challenge tests can be a starting point for
-~ personalised nutrition
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Optimising food and fibre composition Personalised health and whole grain

L

Nutrient-packed core with

vitamin B & E, phytochemicals,

and healthy fats

Socio-economic Income Glucose metabolism Body

Perceived health

Marieke Mental health

Exersise Thlnklng

LifeSt le behavior T2D Perceived stress g
y management and feellng

Especially when combined with behaviour

innovation
for life



Optimising food and fibre composition Personalised health and whole grain

R Goal-setting improves whole grain intake!

Nutrient-packed core with
vitamin B & E, phytochemicals,

and healthy fats
Ny . ? ¥ ST, IR B I T b
g 1 utrients MbP

’ Freg living conditions

Article
Evaluation of Food-Intake Behavior in a Healthy Frae living conditians R
Population: Personalized vs. One-Size-Fits-All  Gemericrutritionadvice
Femke P. M. Hoevenaars !, Charlotte M. M. Berendsen ', Wilrike J. Pasman ',

Tim J. van den Broek !, Emmanuel Barrat %, Iris M. de Hoogh ! and Suran Wopemis 1#
1

1
THO, Netherlands Organization for Applied Scientific Research, Research Group Microbiology & Systems .
Biology, PO Box 360, 3700 A Zeist, The Netherlands; femke. hoevenaars@tno.nl (FEM. H.); W1 W7 W3
charlotte_berendsen@live.nl (C.M.M.B ); wilrike. pasman@mo.nl (W.].E); tim vandenbroek@monl (T]wd.B); BET | Fasting blood Fasting blood
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Personalised nutrition advice improved intake for
fruits, whole grains, unsalted nuts, fish, sugar-

Goal-setting significantly improved food intake vs

not goal-setting. From 120 goals set, only 8 were CeEls

3 (n=39)
2 (n=10)
1 (n=1)

sweetened beverages, added salt and less
unhealthy choices, but no health effect
observed.

not significantly improved. Goal-setters for whole
grain and unsalted nuts decreased LDL-
cholesterol!

m innovation
for life




Optimising food and fibre composition Personalised health and whole grain

& Goal-setting improves whole grain intake!

Nutrient-packed core with
vitamin B & E, phytochemicals,
and healthy fats

g utrients by
Article

A Novel Personalized Systems Nutrition Program Improves
Dietary Patterns, Lifestyle Behaviors and Health-Related
Outcomes: Results from the Habit Study

Iris M. de Hoogh !©, Barbara L. Winters 2, Kristin M. Nieman 3{, Sabina Bijlsma !, Tanja Krone !,
Tim J. van den Broek !, Barbara D. Anderson *, Martien P. M. Caspers 1, Joshua C. Anthony 5,6,%
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From: de Hoogh et al. Nutrients 2021;13(6):1763

“This study shows that a Personalised
Systems Nutrition program in a workfo

improves lifestyle habits and reduces body

weight, BMI and other health-related

outcomes. Health improvement was most

pronounced in the compromised
phenotypic flexibility subgroup, which
indicates that Personalised Systems
Nutrition program may be effective in
targeting behavior change in health-
compromised target groups”
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& The personalised systems nutrition program

Nutrient-packed core with
vitamin B & E, phytochemicals,
and healthy fats

Advice category Personalized Advice | Personalization factor Personalization based
on SNP

Protein intake Glucose tolerance, disposition
index, BP

Personalized Diet types

& SNP-based
macronutrient advice  Carbohydrate intake WC, 2-h glucose

Fiber intake Fasting glucose, 2-h glucose,

LDL cholesterol, BP, WC

Micronutrient advice MUFA intake Disposition index, LDL, BP,
fasting and postprandial TG
Omega-3 intake BP, fasting and postprandial
TG, n-3 index

Adapted from: de Hoogh et al. Nutrients 2021;13(6):1763
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Personalised nutrition & wholegrain

The potential of personalized nutrition for improving

wholegrain consumption

Check for
updiates

Iris M. de Hoogh , Jan-Willem van der Kamp, Suzan Wopereis

TN, Netherlands Orgmnization for Applied Scientific Research, Research Group Microbiology & Systems Biology, Zeist, the Netherlands

ARTICLEINFO

Keywords:

Personalized nutrition
Behavior change
Personalized advice system
Health benefits

1. Introduction

Despite several public health efforts promoting intake of whole-
grains, worldwide in most countries intakes are below recommended
levels (Meynier et al., 2020; Sea al., 2016; Marquart et al., 2003).
However, wholegrain consumption has multiple health benefits,
including a beneficial effect on body weight, blood lipid levels and in-
flammatory parameters (Munch Roager et al., 2019; Reynolds et al,
2020). Additionally, in the long term, wholegrain consumption may
contribute o a lower risk for cardiovascular disease, diabetes and
several types of cancer (Slavin et al., 2001). Therefore, to increase
wholegrain consumprion, alternative wholegrain promoting strategies
may be required. Recent research shows thar a personalized nurritional
annroach mav he more effective in achievine dierarv hehavior chanee as

environment. These interindividual differences result in differential
long-term responses to food (Blanco-Rojo et al., 2016; Kirwan et al.,
2016), as well as differential acute effects to foods, such as the highly
variable glycemic response to foods (Zeevi et al., 2015). In personalized
nutrition all these interindividual differences as well as personal drivers
can be taken into account. This short communication evaluates the po-
tential of personalized nutrition specifically focusing on wholegrain
consumption. It will first explain in more detail the concept of person-
alized nutrition followed by whar is known in literamure in terms of
applying personalized nurrition to stimulare wholegrain consumprion. It
will finish with seme conelusions and furure considerations.

2. Personalized nutrition applied to wholegrain consumption

Table 1

Diversity of personalized products and services and examples of how these can

be applied to wholegrain.

Personalized products or services

Example application for wholegrain

Dietary recommendation systems, which
provide for instance individualized
recommendations for calorie intake,
maecro- and micronutrients or whole
foods.

Personalized meal plans or recipes, which
translate personalized advice into
fitting recipes or at home-delivered
meal plans.

Personalized supplements and funetional
foods.

Portal providing personalized
recommendations based on health
status and current wholegrain
consumption, including tips for
increasing wholegrain consumption.
Personalized recipes for wholegrain
lunch or dinner options.

Enriched bread for specific individuals
or target groups.

Personalized food production, e.g. with
3D food printing a personalized food
product can be produced with
personalized macro- and
micronutrients fitting an individual’s
activity pattern, time of day and
chronotype.

Personalized wholegrain products for
breakfast, lunch and dinner, taking into
account an individual’s energy needs
and insulin sensitivity throughout the
day.

o Personalized DeNavior change sUppoIt,
for instance via a live or digital coach,
entailing helping the consumer to
implement the (personalized) dietary
recommendations into daily life in a
personalized way. Especially, personal
drivers and barriers and personality
aspects are taken into account

NIODLIE application enapiing consumers
to set dietary intake goals for

wholegrain and which provides
personalized support in goal

monitoring, maintaining motivation

and solving barriers.
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IMAGINE: personalised food production

Nutrient-packed core with
vitamin B & E, phytochemicals,
and healthy fats

Military: Performance,
endurance, vigilance, Care personnel: Performance, circadian
recovery, morale rhythms and sleep regulation, wellbeing

/]m

Personalised sna

Various Patient groups: Resistance/recovery to

i = Sport: Performance, recovery,
l [ "\(t ~, P i/ disease, weight management, wellbeing

4 weight management, wellbeing
~ ‘\\
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