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Development in breeding and biotech

GVOs, CRISPR

Cloning and epigenetics

Foods, microbiota, the |,S. and epigenetics, aging
Functional foods, pro, pre, syn, post biotics
Nutraceuticals , medicinal foods

Fermenting foods, meat

Foods from new technologies

Ethnic foods

Nano in food industry

Regulations, Health claim, additives, functional food,
Personalised Nutrition
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Strategies for a

healthy aging:

One size never
fits all

Find your way to your tallor made disease
pravention, healthy aging, and beauty
using & brand new science based holistic

2pigenetic concept >>>

Science proofed functional foods, lifestyle

strategles and nutrition
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g Wc FOOdvme & Food habits have greatly evolved in recent decades. In addition to aspects

ok  such as taste, quality, safety, and convenience, consumers now also
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food they consume. Interest in these so-called functional foods has thus
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WHO , UN, Risk Assessment

MANAGEMENT

Initiation
Weigh polcy

Select and implement

Risk Assessmont

Scence hased

¥

Risk Communication

OPIRaNs CONGRMING NEKs

Examples for risk and uncertainty:

Particular | Risk

Knowledge Perfect knowledge
Qutcome Known

Probability Known

Measurement Measurable

Insurance Insurable

Example —>Incidence of pest and

diseases (negative)
-» Shortfall in rainfall (negative)
-> Fixed capital
investments (positive)
=>Monsoon failure / drought
(negative)

Risk Manpagement

Policy basad

Inferactve exchange of information &

‘

Imperfect knowledge

| Uncertainty

Not known
Not known

Not measurable
Not insurable

= Implications of Chinese
Corona Virus (COVID-
19) pandemic

=>Outbreak of Avian flu

-> Technology uncertainty



Direct, indirect risk, (long term) Epidemiologie
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COVID-19

Basic science Clinical evidence

* Mechanisms s Prevention

* Risk factors * Management
Disease * Trajectory * Investigation
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* Integrated care

* Underlying risk
factors and disease

* Risk prediction
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Nutrition, Foods , Health

Nutrition is the biochemical Hippocrates, “Let food be thy
and physiological process by | medicine, and let medicine be

which an organism uses food |thy food”
to support its life.

S
- - ildegard
of Bingen's

NUTRITION

SPELT - THE SUPER FOOD

Dr. Wighard Strehlow

friach ued in Malen 2u verzehres,




Foods, functions, claims
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Biotechnology and Agriculture, development

Plant Selection

- Agriculture begins with the
collection and planting of seeds from

wild plants

* Occurs in 8 locations throughout the
world between 7000 -12000 years
ago

- Selections were made based on
yield, seed size, and taste




Landraces, Diversity

Refers to the particular kinds of old
seed strains and varieties that are
farmer-selected in areas where local
subsistence agriculture has long
prevailed. Landraces are highly
adapted to specific locales or groups.

Definition :
modified by native and also
immigrant farmers.

The term is usually applied to
varieties of corn, squash, and beans
that were domesticated by

native farmers,
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GREEN Revolution

Term coined by U.S. Agency 1968)
Movement to increase yields by using:

. New crop cultivars erenne i U

. Irrigation

. Fertilizers

. Pesticides

. Mechanization

A planned international effort funded by: Rockefeller
Foundation

Ford Foundation

Many developing country

governments

Purposed to eliminated hunger by improving crop
performance Norman Borlaug ( 1970 Nobel price)

13



T. Malthus: 1766- 1834
Crisis in food production

nopulation

Point of Crisis --»
FESOLCES

Malthus’ Basic Theory

ESSAY

1?0



Models for population growth and food security:

Pessimistic or Alarmist Theory

Malthus - 19t century, Coale & Hoover (1958),
Paul Ehrlich (Population Bomb),

Meadows (Limits to Growth) — 1960s and 1970s.
Focus on population policy & fixed, non-renewable resources.

Optimistic Theory
Ester Boserup — 1960s — 70s (agric. Intensification)
Julian Simon - 1970s - 80s (human capital)

Neutralist or Revisionist Theory



Pflanzenzichtung
Breeding, yield, time for development

Eigenschaften
B Beschleunigung durch Genetische Marker denkbar
(welche??)

Gentechnologie

B Gezielte Aktivierung / Deaktivierung vorhandener
Gene (auch mit ,Genschaltern®)

B Neue Zusatzeigenschaften (,Sonderausstattung®)

® Konventionelles Einkreuzen in Elite-Sorten

B Prifung der Sorten-Stabilitat & Sicherheit

Gewlinschtes + —
Gen (Schalter)
= Von Gen-Donor

209



Klassische ZUchtungsmethoden

Ausleseziichtung/Selektionsziichtung

Die Ausleseziichtung fangt mit dem Anbau von Genotypengemischen (vorh. genetische Linien, auch Wildpflanzen) an. Aus dem nach
gemeinsamer Abblite erzeugten Saatgut werden Pflanzen mit vorteilhaften Eigenschaften ausgewahlt (Zuchtwahl, Massenauslese).
Kombinationsziichtung

Die Kombinationsziichtung ist eine Kreuzung verschiedener Genotypen (Linien). Es entsteht ein neuer Genotyp

Heterosisziichtung

In der Heterosiszlichtung werden bei Fremdbefruchtern (Mais, Roggen...) in mehrjahriger Zlichtung

aus heterozygoten Ausgangspflanzen nahezu homozygote Inzuchtlinien gezlichtet. Kreuzt man zwei solche Linien, tritt bei der F1
Generation oft eine auffallende Mehrleistung gegentliber der Elternformen auf. Dies nennt man , Heterosis-Effekt

Hybridziichtung

Die Hybridzlichtung ist ein Beispiel fir Heterosisziichtung, zur Erzielung einer hohen markt- oder betriebsgerechten pflanzlichen
Produktion durch Bastardwiichsigkeit. So werden bei der Hybridziichtung geeignete, gesondert geziichtete Inzuchtlinien einmalig
miteinander gekreuzt (Einfachhybride). 1l Die Nachkommen der ersten Generation (F1) einer solchen Kreuzung haben gegeniber der
Elterngeneration ein ippigeres Wachstum (Heterosiseffekt

Fir den Landwirt bedeutet dies jedoch, dass das Saatgut jedes Jahr wieder neu bezogen werden muss, wenn er den Ertragsvorteil
gegenliber Nicht-Hybriden weiterhin erhalten will, da der Heterosiseffekt nur in der F1-Generation auftritt und danach wieder verloren
geht.

Mutationsziichtung

Bei der Mutationsziichtung werden Samen Rontgen- oder Neutronenstrahlen, Kalte- und Warmeschocks oder

anderen Mutagenen ausgesetztlZ, um neue Eigenschaften durch Mutation zu erzielen, die einen positiven Effekt aufweisen. Damit wird
die Ziichtung neuer Sorten erheblich beschleunigt.



http://de.wikipedia.org/wiki/Genotyp
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http://de.wikipedia.org/wiki/Homozygotie
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http://de.wikipedia.org/wiki/Heterosiseffekt
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http://de.wikipedia.org/wiki/R%C3%B6ntgenstrahlung
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http://de.wikipedia.org/wiki/Mutagen
http://de.wikipedia.org/wiki/Pflanzenz%C3%BCchtung#cite_note-2
http://de.wikipedia.org/wiki/Mutation

HybridzUchtung, Heterosis

= Three Main Principles
o Inbreeding
o Hybridization

o Heterosis

= Main Goals

o Increase the homozygosity at all or specific loci
in the plant genome

o Produce a plant which breeds true
o Produce uniform plants

Inbreds




Hybrid: Heterosis effect

The purpose of crossing is to make use of the heterasis effect partly to improve fertility and partly to
combine the different characteristics for which the lines were previously selected. For meat production
a desirable quality in the final product is to produce large numbers of rapidly growing individuals.
This requires good fertility in the mother combined with good growth rate in the progeny.

The heterosis effect makes the hybrid pigs better than the average of the parents. The traits with the
lower heritability show the largest heterosis effect. This is particularly true for fertility, mothering
abilities and body structure, which have a low heritability.

Average of
' D ""'El'"'parerlts

Breed &4 A xB BreedB
Heterosis Effect




Introducing new traits in a plant
family:(Random) Mutation Breeding

Examples of plants that were produced wvia mutation breeding are given in the table below.

|Crop [[Cultivar Name [Method Used to Induce Mutation |
Irice Icalrose 76 |lgamma rays |
- IAbove [lsodium azide |
ILewis (lthermal neutrons |
|oata |lAlamo-X [[%-rays |
: Rio Red thermal neutrons
rapefruit | | |
2 |Star Ruby (Ithermal neutrons |
Tifeagle lgamma rays |
Tifl Il
- | fgreen lgamma rays |
(Tift 94 lloamma rays |
|Tifway I lgamma rays |
Ice Cube ethyl methanesulphonate
lettuce
IMini-Green [lethyl methanesulphonate |
o |Seafarer [I%-rays |
|Seaway |%-rays |
llilac ||Prairie Petite [lthermal neutrans |
/ [TXSA 8202 loamma rays |
St. Augustine grass
ITXSA 8212 |lgamma rays |

Quite a few flower cultivars have bheen developed via mutation breeding, among them some of the cultivars of Alstroemeria,
begonia, carnation, chrysanthemum, dahlia, and shapdragon.
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Why Radiation Induced Mutation?

Pierre Lagoda, Head of the FAO/IAEA Plant Breeding and Genetics Section, explains why
‘induced mutation breeding’ is a practical, sustainable solution to the world’s food crisis.

"We offer a very efficient tool to the global agricultural
community to broaden the adaptability of crops in the face
of climate change, rising prices, and soils that lack fertility or
have other major problems,” says Lagoda.

Induced mutation: half the time of traditional breeding
methods. Routinely, plant breeding requires seven to 10
years of research to produce a promising new variety. A
breeder looking for pest resistance, for example, might find
the characteristic in a wild variety with poor quality and
yield. This wild variety will be crossed with a plant that does
have good quality and yield, and any offspring combining
the desired traits will then be selected and propagated.

Induced mutation: more options from which breeders

can choose. Hybrids, the product of crosses, are only as
resilient and productive as the source parents. Over the past
century, about 75% of crop biodiversity has been lost and
monoculture has diminished plant variety in farmers’ fields.

Both conditions limit researchers when crossing strains
to create new plants. “This loss in plant genetic diversity
endangers food security as resistance to yet latent biotypes

of pests and diseases and extreme weather conditions may
have become severely weakened,” says Lagoda.

There is a solution: using radiation to artificially induce the
variations that plant breeders need. Radiation-induced
mutation produces millions of variants. Breeders then
screen for the desired traits and crossbreed. “Induced
mutation breeding is a safe and proven technology. The
method does encounter resistance and the publicis
generally concerned by anything relating to radiation and
mutation,” Lagoda explains.

“In plant breeding we're not producing anything that’s not
produced by nature itself. There is no residual radiation left
ina plant after mutation induction. Through its Technical
Cooperation Programme, the IAEA provides the tool and the
expertise, then national agricultural research systems and
plant breeders must take the next step; selecting and cross-
breeding plants to achieve the desired result,” says Lagoda.

Pierre Lagoda, Head of the FAO/IAEA Plant Breeding and
Genetics Section. E-mail: P.J.L.Lagoda@iaea.org



Breeding: Irradiation

Irradiator at Institute of

Radiation Breeding

Ibaraki-ken, JAPAN
(http://www.irb.affrc.go.jp/)
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Mutation breeding

Since the start of the citrus breeding programme five cultivars have been released from the
conventional breeding programme. Currently final market evaluation of selected hybrids A25, B17,
B24 and Q38 is underway to determine if they can be commercialised. Hybrids 122, B17 and B24 are
in the process of semi-commercial evaluation,

Mutation breeding is currently conducted as a
supplement to the conventional breeding
programme, It is an economical and time
saving method to alter a single characteristic
(e.g. seediness) of a cultivar, without changing
the rest of its genetic composition,

N Conventional breeding, followed by mutation

| breeding, can provide a means of producing
new seedless cultivars with a wider range of

| colour, quality and time of maturity.

Sakkie Froneman reported on the ARC-ITSC's
successes with citrus mutation breeding in the
January 1999 issue of the Institute’s quarterly
maqgazine, Meffropika, Contact Mrs Iris Human
at E-mail: iris@itsc.agric.za to order a copy of the article,
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Tissue culture , Clones ?
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Somaclonal variation

* Production of a new variety of japanese
butterbur using somaclonal variation.(upper:new variety,
lower:native variety)

71



Breeding using transposons

Ein Transposon ist ein DNA-Abschnitt bestimmter Lange im Genom, der seine

Position im Genom verandern kann (Transposition). Man unterscheidet
Transposons, deren mobile Zwischenstufe von RNA gebildet wird (Retroelemente
oder Klasse-I-Transposon), von denjenigen, deren mobile Phase DNA ist (DNA-

Transposon oder Klasse-llI-Transposon).

“—_‘\.\
T interrupted
ransposon DNA sequence

Click on this image for more on transposons.
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Transposon tagging
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Molecular marker directed breeding

Welcome to Innovative Methods for Rice Breeding - Combining
Participatory Plant Breeding (PPB) with Molecular Marker Techniques

it This photo shows women farmers in Orissa
% (Eastemn India) making selections from bulks
that we made using matker-assisted selection

) for root length and aroma. You can still see
variation for plant height and flowering time in
s the bulk population. These farmers selected

 the early plants with long and thick straw.

+ The project is funded by the Plant

! ﬂ.‘t oeiences Programme of DFID, managed
) " ! by the Centre for Arid Zone Studies,
g , ) Umversmy of Wales, Bangor.

e 8 Through this website we aim to provide
‘ i ‘ Wl B oh®) a usefil and interesting resource for all
those mterested in unprovmg rice breedmg methods
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Cloning, Definition

Cloning is the process of making an identical
copy of something

Will There Ever
1 1 Be Another¥ou?
' ¥ AwtGa v-.-num(w-\.:' )

In biology, it collectively refers to processes St RIS
used to

-- copies of DNA Fragments (molecular cloning)
-- cells (cell cloning)
-- organism

The term also covers when organisms such as bacteria, insects
or plants reproduce asexually.



DNA cloning:

S— e S cubnAwith 10 clone a piece of DNA, DNA
is cut into fragments using

waro N o restriction  enzymes  that
Fragrment i Fragment 2 . . e
T fagmentz  Fragment recognize specific sequences
‘l' Insertfragments ~ of  phgses in  DNA. The
into vectors

fragments are pasted into

@) @ @ @ vectors that have been cut by

the same restriction enzyme.

Introduce vectors

into bacteria Vectors (e.g., plasmids or

viruses) are needed to transfer
@) @ © O and maintain DNA in a host
o‘ﬁg ? & g% cell.



Reproductive Cloning

Reproductive cloning is a technology used to generate an animal that
has the same nuclear DNA as another currently or previously existing
animal. Dolly was created by reproductive cloning technology. In a
process called "somatic cell nuclear transfer" (SCNT), scientists transfer
genetic material from the nucleus of a donor adult cell to an egg whose
nucleus has been removed. The reconstructed egg containing the DNA
from a donor cell must be treated with chemicals or electric current in
order to stimulate cell division. Once the cloned embryo reaches a
suitable stage, it is transferred to the uterus of a female host where it

continues to develop until birth.



Reproductive Cloning
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Therapeutic Cloning

Therapeutic cloning, also called "embryo cloning," is the production of
human embryos for use in research. The goal of this process is not to
create cloned human beings, but rather to harvest stem cells that can be
used to study human development and to treat disease. Stem cells are
extracted from the egg after it has divided for 5 days.

The extraction process destroys the embryo, which raises a variety of
ethical concerns. Many researchers hope that one day stem cells can be
used to serve as replacement cells to treat heart disease, Alzheimer's,
cancer, and other diseases.



Therapeutic cloning

Egg cell Body cell
Nucleus o ® Nucleus
removed \ { removed

Nucleus from the
S body cell inserted
into egg cell

¥

Cloned cell

Stem cells harvested
from embryo celis

Nuclear reprogramming
Skin cells

Q:.i}a:./

v <

Genes inserted to
induce reprogramming

¢

'S

'
~

Reprogrammed cells resemble
embryonic stem celis

SOURCE: Sclence Media Centre



Horticultural cloning

All plants which are originated from vegetativ reproductions
are clones.

They have been derived from a single individual, multiplied by
some process other than sexual reproduction.

Examples are bananas, grapes and potatoes.




GM plants, Tranferring traits in ways which
are not used 1n nature: GMOs

Termination

Transgene sequence

Marker gene Promoter

Gene dentification
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Agrobact. tumefaciens

Ti-plasmid
T-DNA

bacterial
chromosome

vir genes
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T DNA
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Homologic recombination

Homologe Rekombination l

Integration 1



Antibiotic resistance marker gene

Testing whether the gene has been

transferred
_\

Plants with new genes Cells without new genes
grow despite antibiotics are killed by antibiotics,
so plants do not grow

Plasmid for gene transfer:
desired |
gene i

3 marker
gene




Gene gun

Gunpowder

DNA-coated
plastic pellets

(a)

Copydght © Pearson Education, inc., publishing a5 Benjamin Cummings
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Gene transfer with viruses

> D

5. Insert therapeutic

Matural Virus

LN

Remove genes
for viral

replication

Infect and Deliver
Therapeutic Gene
to Target Cells

Virus Carrying
Therapeutic Gene

- Viral DNA
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Gene Therapy Using an
Adenovirus Vector

U.S. National Library of Medicine



Main GMOs, Herbicide tolerance,
glyphosate

Dank gentechnisch erzeugten Glyphosat-toleranten (Roundup-
Ready) Sojasorten ist der Einsatz von problematischen Herbiziden
im Sojaanbau seit 1995 rucklautig

Dvo Saten reprasentionon den Arell dor US Amorikaniscten Sojssntaufiactio. ool weldwe das
betreffende Herbizid in den Jahren 1995 und 1948 eingesetzt wurde

Cuiollen: Gaanessi uied Cacportor, 2000 17 I
International Survesy of herbicide-resistant woeds (hatpe/ S aww woodsclence. com. default hem |
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BEFORE AFTER

HERBICIDE APPLICATION
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Herbicide Resistance: more or less
herbicide? depending on local

agricultural background

* Roundup Ready Soy, Corn,

Canola

- Allows post-emergence herbicide spraying
* Increases yield

* Facilitates no-till farming

- 89% U.S. Soy crop (2006)
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Old and new Problems: Resistance

Herbicide Resistant Weeds

Evolve
14
121
80 10+
70 == Herbicide tolerance
. 8..
% Insect resistance
Herbicide tolerance/ 6
50 Insect resistance
40 Number|of Evolved Glyphosate-
>80% of transgenic crops were - Resistant Weed Species
30 glyphosate-resistant in 2006
2.
“ »
10 | 0 T ! U ! 1
0 okl MO . 7 1994 1996 1998 2000 2002 2004 2006
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 Year

132



Herbizide resistance, gene transfer

I
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Cross-Pollination

Weed With Increased
Herbicidal Resistance
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133



Gene flow: multiresistant Rape

Environ. Biosafety Res. 5 (2006) 77-87
© ISBR. EDP Sciences, 2006
DOI: 10.1051/ebr:2006017

Detection of feral transgenic oilseed rape
with multiple-herbicide resistance in Japan

Mitsuko AONO'*, Seiji WAKIYAMAZ, Masato NAGATSUZ, Nobuyoshi NAKAJIMA', Masanori TAMAOKI',
Akihiro KUBO' and Hikaru SAJI'

!Environmental Biology Division, National Institute for Environmental Studies, 16-2 Onogawa, Tsukuba. 305-8506. Japan
2Japan Wildlife Rescarch Center, 3-10-10 Shitaya, Taito-Ku, Tokyo. 110-8676, Japan

Repeated monitoring for escaped transgenic crop plants is sometimes necessary, especially in cases when the
crop has not been approved for release into the environment. Transgenic oilseed rape (Brassica napus) was
detected along roadsides in central Japan in a previous study. The goal of the current study was to monitor the
distribution of transgenic oilseed rape and occurrence of hybridization of transgenic B. napus with feral
populations of its closely related species (B. rapa and B. juncea) in the west of Japan in 2005. The progenies of
50 B. napus, 82 B. rapa and 283 B. juncea maternal plants from 95 sampling sites in seven port areas were
screened for herbicide-resistance. Transgenic herbicide-resistant seeds were detected from 12 B. napus
maternal plants growing at seven sampling sites in two port areas. A portion of the progeny from two transgenic
B. napus plants had both glyphosate-resistance and glufosinate-resistance transgenes. Therefore, two types of
transgenic B. napus plants are likely to have outcrossed with each other, since the double-herbicide-resistant
transgenic strain of oilseed rape has not been developed intentionally for commercial purposes. As found in the
previous study, no transgenic seeds were detected from B. rapa or B. juncea, and more extensive sampling is
needed to determine whether introgression into these wild species has occurred.

Keywords: Brassica / establishment / glufosinate / glyphosate / herbicide / introgression / outcrossing / transgenic plant




Insect resistance, BT maize
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BT resistance: B. thuringiensis proteins
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Monsanto

Roundup ready,
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Maisziinsler: wirtschaftlich bedeutendster Maisschadling

Es gibt mehrere Strategien zur Bekampfung des Maisziinslers:

mechanisch durch Zerkleinern und Unterpfligen der auf dem Feld
verbliebenen Pflanzenreste

e chemisch durch Einsatz von Insektiziden

* biologisch mit Hilfe von Trichogramma (Schlupfwespen)

* BT Toxin Praparate

» gentechnisch vermittelte Insektenresistenz besitzt (Bt-Mais)
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- Natural insecticide from
Bacillus thuringiensis

* Non-toxic to humans
- Target insect: corn borer
- Potential to:
—reduce insecticide use
— reduce mycotoxins
- 40% U.S. Corn crop Bt (2006)

14D



Bt Concerns

- Bt pollen harms non-target species?
- Bt crops select for resistant insects
- Bt pollen can drift to organic fields

 Food system failed to keep BT Starlink
corn out of human food products
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Disease Resistance, viruses

» Cantaloupes
* Cucumbers
- Corn

* Rice

- Papaya
- Potatoes

Genetically engineered papaya resistant * Soybeans
papaya ringspot virus . Squash

* Tomatoes
* Wheat
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Growth-enhanced fish

Salmon Growth hormone
expressed in cold
waters & unlinked
from seasonal temp.

Auto-transgenic mud
loach: B-actin promoter
linked to GH gene.

(Devlin et al. 1994)

157



GM Salmon

Probleme der Lachsindustrie
gv Lachs von Aqua Bounty

Produktionssteigerung uber Ernahrung, Krankheitsresistenz

Gefahr fur die Wildlachspopulationen
Abhangigkeit des Fischfutters

Umweltverschmutzung durch Lachszucht



e Atlantischer Lachs von Aqua Bounty
e Wachstumshormon-Gen des Chinook Lachs

* Frostschutz-Protein-Gen

 Wachstum Uber das ganze Jahr

e normales Gewicht in der Halfte der Zeit erreicht

BELFOND-CURIEUX, O.L et al.: Factors to consider before production and commercialization of aquatic genetically
modified organisms: the case of transgenic salmon; Environmental Science & Policy 12; 170-189; 2009.



GMO tobacco,
expression of human proteins in plants




GMOs in development:
CLAIMED BREEDING OBIJECTIVES

Zur Zeit
in Entwicklung

Tol ' Kon-ll m Einsetzbar nicht nur in
i i EU & NAFTA

Gen
m Auch fir lokale Kulturen
/ fur Schwellenlédndern
Eispflanze =
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CLAIMED BREEDING OBJECTIVES

Produkt

Vorteile der Pflanze
= Hoéhere Produktqualitat

tion in der Pflanze in Entwickiung |

In Entwicklung
& Feldversuche

Umweltschonendes Herstellungsverfahren
Kostengunstige Produktion
Ausreichend verfugbar
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09.12.2008

Claimed breeding objectives

In Entwicklung

In Entwicklung

Maniok (Cassava): Linamarin-Reduktion
Blockade der Gene fir Linamarin-Produktion

Linamarin wird in Blausaure umgewandelt und
kann so zu Vergiftungen fuhren In Entwicklung
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BREEDING OBJECTIVES

Feldversuche

Vorteile der optimierten Stirke
m Verbesserte Produktqualitat

= Optimierung von Produktionsprozessen
m Einsparung von Energie und Ressourcen
o

Ersatz von synthetischen nicht-abbaubaren
Produkten
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Breeding objectives

Starkekartoffel

=t
Amylopektin ———t—

75% e e
‘—Eit

Amylose

25%

Mischung von 2 Starketypen

GMO Stiarkekartoffel

Ausschalten
eines Gens

Amylopektin
100% ==t —ctr

Reiner Bestandteil
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GMO Trees
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Air Date: Week of May 29, 2009

Mariz Tesorera, from a wornen's group
in Chile, protests outside the Belgian
Permanent Mission in New York City,
Belgium recently pianted a test plot of
genetically engineered low-ligning
poplar trees. (Orin Langelle)

Scientists are developing genetically
modified trees for the forests of the
future, Ann Peterman of the Global

RealAudio for this Sto:
(Requires RealPlsver)

load this Sto
{mp2 format)

Links Related to this
Story

GENETICALLY MODIFIED TREES: PRODUCTION,
PROPERTIES, AND POTENTIAL

by Kevan M.A. Gartland', Robert M. Crow’, Trevor M. Fenning’, and Jill S, Gartland'

CONCLUSIONS

Tree genetic modification is most likely to be acceptable to
the public in two areas: where greater productivity from
reduced plantation forest areas can be shown to increase
areas left to nature’s own devices, and in restoring threat-
ened trees to damaged landscapes, such as the elm. Which-
ever aspects of GM trees advance most rapidly in the future,
environmental risk assessment should always be carried out,
on a case-by-case basis, until a sufficient body of knowledge
on the anticipated benefits and the possible risks of this
exciting technology is established.



GM FLowers

Auto Toyota Turns to GMO Flowers to Relieve it
of Prius Manufacturing Pollution

Source: DailyTech DT » October 30, 2009

A rather unusual way of rectifying
manufacturing emissions has been
developed by the world's leading
automaker.

Are you overcome with guilt about how
much carbon, sulfides, nitrides, and
other emissions goodies were pumped
into the atmosphere in the making of
your new Toyota Prius? Do you feel
dirty?

Well, Toyota has just the thing for you.
It has genetically engineered two new
species of flowers that soak up air
pollution.




Safety: Random integration,
Insertional mutagenesis

Prométer

1. Interrupt coding region and inactivate gene

_

Vector
Vector

2. Insert next to gene and activate its expression inappropriately

161



Safety assessment of transgenic food

Umntended Effects

/N

Specific analysus Profiling technigues
— targeted approach — non-targeted approach




A) Approved DNA insert as described by Monsanto in their original ET application for marketing
{Trom Mansanto, 2000) . The functson of eachindivicdual corapeacat of feinsertis staredinitalics,
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, b I
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is shaded). Twé addit onal, unapgroved indents are predent: ¢ 250 base paor {bp) fragrent of CP4 EPSPS
attached to the mam msert and a soparase 72 bpiasess of CP4 EPSES (Monsanto, 20005 Adsjacent to the
unapproved 290bp insert 15the newly dscovered (Windels et &l 2001)' 534 ke of unidentified, unapproved DA

sayaDiis G soaprua Soya DNA
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Toxicology Asessment: Difficulties Animal Feeding Studies
Whole Foods

Small doses to be fed (bulk, satiety)

Nutritional imbalance of the diet

Many confounding factors
Small safety margins, if any

Insufficient sensitivity for specific endpoints



Detection of unintended effects in vitro, in
VIVO

Test Control
DNA Cot-1 DNA

i Sam—

i
spotted DNAs e CGH array




GMO tests: PCR, primers, areas, array

A soy B maize

RRS250-

MONB10-
330

MONBS 10+
4020 20

Results GMO s
5 MONS T0-
positive = 2 e

CaMV35S 35025 3525 CaMV3ss
MONBT0- [RRS250- CrytAD)
2535 25 /35

MONE10-
4020
MONB10-
2040
MONS 10-
35/25 3625
MONB10- [RRS250
2936 28735

-

: non-GMO food with plant primers
non-GMO food with GMO primers
Test food with plant primers

2:
3:
4: Test food with GMO primers
5:

GMO positive template with plant G M 0

primers P

negative

6: GMO positive template with GMO
primers

7: PCR MW Ruler

Roundup Ready soybean

Transgene
} 1
Bacterial Regulatory Trait Bacterial
element element element
glyphosate
plant DNA J5SP CTP4 tolerance NOST plant DNA

CO——
e at oy Ly
t t t

Broadspectrum  Construct specific Eventspecific
(screening)test test test



New Objectives for gene transfer

Conventional
Transgenic Approaches

Drawbacks:

N 7 M pepgs AT M8 POLL. Mo lar Saias FIe Venrng Semer] ety e

» Random insertion of transgene s v s 2 By DO 390 M. o e & v

Comatry, Agreiurd frwentd L, UL vparome st of Apicaan Aol

» Not suitable for gene targeting or precise gene mutation

» Difficult to perform gene replacement or create allelic variation

» Introduction of undesirable DNA fragments (T-DNA, selection markers)
» Extensive regulatory requirements

» Public concerns over transgenic crops

New technology is much needed:
» To precisely and efficiently manipulate genome for crop improvement

» To reduce regulatory hurdles and public concerns



Gene editing

————

“Cas-9 (CRISPR associated protein 9

is an RNA guided DNA endonucleases
enzyme.
» associated with CRISPR
» which plays an role in adaptive
immunity system, found in bacteria
Streptococcus Pyogenes.
» involved in Type Il CRISPR mechanism

<




| soRNA (single guide RNA) 7 sgRNA + Cas9 protein

Cas9
/] /
sgRNA HM«
Trrrrnv)*‘:
PAM sequence
< (5'-NGG-3')
<||lllll|l>< > rrrrrrii
Target specific tracrRNA Liiiii11'111
crRNA sequence «< >
Your favorite gene
3 Target specific cleavage 4 Cellular error-prone repair “knocks out” gene

j NHEJ
‘(‘III'
)))—I—L"

| llll.ll
O T O O Y T 111 1

!

The principle of CRISPR/Cas9-mediated gene disruption. A single guide RNA (sgRNA), consisting of a crRNA sequence that is specific to the
DNA target, and a tracrRNA sequence that interacts with the Cas9 protein (1), binds to a recombinant form of Cas9 protein that has DNA
endonuclease activity (2). The resuiting complex will cause target-specific double-stranded DNA cleavage (3). The cleavage site will be repaired by
the nonhomologous end joining (NHEJ) DNA repair pathway, an error-prone process that may result in insertions/deletions (INDELs) that may
disrupt gene function (4).



CRISPR/CAS9

TTT T

tracrRNA



Targeting RNA

RNA-targeting CRISPR-Cas9 (RCas9)

Cas9—gRNA

PAM-activated

gRNA Y NGG binding
5' 53 and/or cleavage
: —_—
target\+ 3 PAMmer

3

5 DNA oligo

ssRNA

RNA-targeting CRISPR-C2c2

Type VI CRISPR locus

__‘)w- Specific cleavage
l 1 of pre-crRNA € ’
i f fl e —3 Target-activated non-specific RNase

effector protein pre-crRNA




CRISPR-Cas9

Broad Application of CRISPR-Cas9 Technology

Technical advantages for basic plant biology and crop breeding
» Targeted gene mutation (multiple or redundant genes)

» Site-specific integration and gene stacking

» Gene replacement via homologous recombination

» Site-directed mutagenesis to create allelic variation

» Chromosomal engineering such as deletion or translocation

» Modification and labeling of multiple genomic sites

» Transcriptional modulation of multiple genes and pathways

» Epigenome editing such as methylation and demethylation

» Cisgenesis without introducing undesirable foreign DNA

Economic, regulatory and societal benefits:

» Reduce costs for precise and efficient molecular breeding
» Eliminate or significantly reduce regulatory requirements
» Alleviate public concerns about GM crops



CRISPR-Cas9, applications

Near-term Applications for Crop Breeding

1. Targeted deletion of single or multiple genes for transgene-free,

mutational breeding in various crop species.

2. Site-specific integration and precise gene stacking for transgenic

or cisgenic breeding.

3. Multiplex editing to create allelic variation at quantitative trait loci
to improve multiple agronomic traits (yield, quality, disease

resistance and abiotic stress tolerance).

Genome editing in rice for S918A conversion in Pita

Amino Acid Position
Rice Variety  Resistant with AVR-PitaFungus  RiceType 6 148 158 176 | 918
Yashiro-mochi Yes Japonica 1R H b A
Totep Yes Indica | R H D A
C101A51 No Indica | R H D s
Tsuyuake No Japonica S S Q v s

Table after Bryan et al. (2000), The Plant Cell




Video gene editing



Genome editing is going to be high on next Parliament agenda, MEP
says

EURACTIV.cc £9 25 Marz 201 fupcated: 8 1. Ape. 2015) S||pporters

International group of economists, geneticists
calls for relaxed cr(}p gene-editing rules to
promote food security

Natalie Parletta | Cosmos | April 2, 2019

Measure co-financed
by the European Union

Gene editing of human embryos yiel

With renewed attention to implementation and regulation, new plant breeding
technologies such as gene editing could make an important contribution to
global food security, say a group of plant geneticists and economists.

BREAKING: CRISPR Could Be Causing Extensive Mutations And
Genetic Damage After All

CRISPR has been heralded as one of the mast important breakthroughs In modern sclence, but
there could be 2 hidden and potentially dangerous side effect to the wonders of its genetic
editing technology, a new study reveals.



Novel food, functional food,
oro-, pre-, syn-, postbiotics
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KEYNOTE LECTURE 1
“The role of gut microbiome and its interaction with diet in health

and disease”

Prof. Konstantinos Gerasimidis, University of Glasgow, UK.

Important roles of gut microbiota in body metabolism
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“The role of gut microbiome and its interaction with diet in health -~ ° é)

and disease”
Prof. Konstantinos Gerasimidis, University of Glasgow, UK.

Das Zusammenspiel von
Mikrobiota und
Darmgesundheit
beeinflusst entscheidend

A,-‘ _'
wesentliche Vorgange im sl \
. Transcriptomics °
Korper. Py \ T ° Phrimicon

Hydrogen .
" Hydogensuiphide  montoring
. 9 Methane
L
R,

— Yakult

Van Hul et al, Gut, 2024 [e-pub) " Science for Healfh)




Development of microbiota, |.s., and epigenetic
system, imprinting

Development prenatal, Interaction with 1.S., epigenetic maternal factors,
Diversity:delivery, breastfeeding, imprinting in 1000 days of life



Interactions Microbiota diversity - I.S.- epigenetic

system INn senescence
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u» Firmicutes

» Acinobacteria

© Proteobacteria
Variable/other

3 Yrs: more diverse
“adult-like” structure

The Impact of the Microbiome on
Immunosenescence

Daniel Amsterdam & Barbara E. Ostrov
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~ Immunosenescence Microbiome changes
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Structure microbiota

Microbiome - collection of microbial genomes
Microbiota- a collection of microbes

Proteobacteri .
| + As many bacteria s host

o rmicutes cells in human body
Bacteroidetes _
+ 150x more bacterial

genes than our
human genome

a
AL,



1G] Microbiota

Stomach &
Duodenum
10— 102 CFU/mL
Helicobacter
Streptococcus

Jejunum & lleum
104 — 108 CFU/mL
Bacteroides
Streptococcus
Lactobacillius
Bifidobacteria
Fusobacteria

HUMAN
GASTROINTESTINAL TRACT
/o —Esophagus
-

Large
© intestine

Small — 1
intestine |

Cecum

| C 5 L
< F 3 B ll-.,‘_ "':v;,-’ p
. Colon
Appendix ™
lleum | Rectum
& ——Anus

licensed by R. Allen from shutterstock.com

Colon
1010— 1012 CFU/mL
Bacteroides
Prevotella
Facaelbacterium
Ruminococcus
Roseburia
Clostridium
Bifidobacteria
Collinsella
Desulfovibrio
Bilophila
Akkermansia
Methanobrevibacter



“Core” Microbiota Microbiota Functions

+ Protective functions
* Bacteroidetes (22,9 %)

* Firmicutes (64 %)

+ Structural functions

+ Metabolic functions

(32 % of C. g/ uster 1V, 36 % of C. s Fermenting dietary fiber into short-chain fatty acids
Cluster XIVa an ISI)A) of 7 Synthesizing vitamins
Lactobacilli

(Mariat et al., 2009)
Actinobacteria (1- 4 %)
Verrumicrobiales (1- 4 %)
Archaeal domain (1- 2,5 %)
Eukaryotic microorganisms (< 0,1 %)

(Gerritsen et al., 2011)



Variation in microbiota structure is high

Despite high variation, Gl microbiota depend on :

1. Individuum

2. Area and lifestyle
3. Diet

4. Interventions

CHARGE-UCC - ‘
Eldermet A
University College Cork, Ireland ‘

Colaiste na hOllIscoile Corcaigh
-]S" =| Studying the relationship between diet, gut bacteria and health status
: in the elderly



Ways of delivery and microbiota:
a long lasting difference

Infants born by elective cesarean delivery had particularly low bacterial
richness and diversity. formula-fed infants had increased richness of species,
with overrepresentation of Clostridium difficile.

* * *
II- = -I'1 "

Actinobacteria
B sifidobacteriaceae

Bacteroidetes

B Bacteroidaceae
Proteobacteria

B Enterobacteriaceae

80 4

Firmicutes

M Lachnospiraceae

I Streptococcaceae

W Erysipelotrichaceae
Veillonellaceae
Clostridiaceae

40+

Relative abundance, %

201

B Other s
Research

ABCDEFG HIJKLMNOPQR ST UVWX & Antibiotics Gut microbiota of healthy Canadian

BF - BF + BF- BF+ infants: profiles by mode of delivery and
infant diet at 4 months

Vaginal delivery Cesarean
Meghan B, Arad, D, Theodors Komys, M, Hsather Masghan, MO,
ODuwied 5. Cotvman, MO, Carherine | Field, MO, Radha S Chal, MD,
Malcolm K Sears, MR, Allan B Becker, MO, james A Scotr, MhD,

CHILD involves more than 10 000 people, ANIA L. Ky, 0" o bl o The CHILD Sy Ivessigatcs
including 3 500 infants



G| microbiota: Diversity of groups and
functions important for health
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Figure 1 | Distribution of low and high gene count individuals (n= 292),
a, Gene counts from all uniquely matched reads. b, Gene counts adjusted to
11 milkon uniquely mapped reads per individual Vertical line indicates the
threshold of the LGC and the HGS individuals; the observed bimodal
dstribution was not statistically significant by the dip-test.
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Aging and Microbiota

healthy

solid food
healthy
f 65 to 80 years
formula-fed
obese #

O | (

breast-fed malnutrition

>100 years

antibiotic
treatment

Firmicutes

Bacteroidetes

B Actinobacteria

M Proteobacteria
others

Baby Toddler Adult Elderly
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Bacterial cell wall components and Inflammation:
dysbiosis, LPS and gut permeability; obesity as a
model

Epigenetics

and genetic obesity : ‘\.a
3

°©“we

(Cani etal, 2011)



Endotoxins, saturated fats/ chylomicrons trigger
inflammation, insulin resistance;
SCFAs may trigger GLP1 activation

GLP1: incretin
improves DMII and
obesity




Obesity: Firmicutes: Bacteroidetes;
Akkermansia and the cell wall

(A) FirmicutesT Bacteroidetesl (B) ProteobacteriaT

%'y R
‘. (C) Akkermansia

s el

|
! Adipose tissue
: dv - v Tivoe1 IL-1p LType 2
ncreased provision TNF
of calories to the host Increased serum LPS macrophages = insulin macrophages
‘ CDAT cell @ resistance
NKT cell IL-13
TNFa
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resistance IL-33



leaky gut: a major health problem

Intestinal
Mucosal Cells

Blood Stream

The Damaging Effects Of
Blood Brain Infl ti Autoi ity Malabsorpti
Sood r:ach nflammation  Autoimmun . utarien :o;p on Leaky Gut
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Microbiota metabolites: SCFAs bind to
G-Protein-Receptors GPR 41/43 (FFARSs)

Colonocyte Lumen
Adipocyte
Lepti ti
Ao coric . Dietary fiber
Angiogenesis GPR41 s L
v SMCT1 (ApNa*, AY) fermentation
SCFA SCFA < SCFA

MCT1 (ApH*)

Il H*

Metabolic energy
Differentiation

GPR43 @  *GPR4

Basolateral Apical
Immune cells membrane membrane

Anti-inflammatory; (Huster et al., 2013; Flint et al., 2009,

Inhibition of NFkB Nature Rev)



Microbiota and fermentation products
e.g. SCFAs

Clostridial cluster
Clostridial cluster IV XIVa

(Rumminococaceae)| (Lachnospiraceae)

Faecalibacterium Eubacterium hallii

prausnitzii Anaerostipes coli

Butyricoccus Roseburia spp.

Clostridium Leptum E. rectale spp.

Non starch
Resistent starch Polysaccharides

(Louis and Flint, 2009, FEMS) s



Pathways and cross feeding for SCFAs/
Butyrate

Non digestible CHO
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FIGURE 1 | Schematic representation of microbial metabolic pathways and cross-feeding mechanisms, contributing to SCFA formation in the human
gut. Shaded geometric shapes summarize routas of formation for each of the three man SCFA: acatate, propionate, and butyrate.




Butyrate and epigenetic histone modulation

Mathanison linked ta transcripticnsd artivation
Acetylation {HATs)
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Inhibition of Histone Deacetylase Activity
by Butyrate!?

James R. Davue3



Butyrate and epigenetics

( Diet l:‘{ inal mi
L (fibers) L (butyrate-producing bacteria)

Intestinal microflora

Butyrate production
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/ " Epigenetic regulation of gene expression

involved in:

» Anti-inflammatory cffects
» Effects on obesity, insulin resistance
»Effects on cardiovascular diseases
» Effects on immune system
» Effects on inherited disorders
» Neuroprotective effects

\ > Effocts on stem cells
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» Anticarcinogenic and chemopreventive effects

y
/

/
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Bemni Canani et al. Clinical Epigenetics 2012, &4
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L- EPIGENETICS

REVIEW Open Access

The epigenetic effects of butyrate: potential
therapeutic implications for clinical practice

Roberto Bemi Canani'®, Margherita Di Costanzo’ and Ludovica Leone'

Figure 1 Diet influences intestinal microflora composition, which has an important role in the fermentation of dietary fibers leading

10 the production of short chain fatty ackds (SCFAs), such as butyrate. Butyrale exents multiple beneficlal effects at Intestinal and

erantesiogd level, selated & loas In part 10 the epigenetic moulation of gene expression




Butyrate: apoptosis, autophagy, mi- RNAs regulating
inflammation, vitro

Table 1. Anti-cancer properties of butyrate through regulating miRNA and gene expression.

TREATMENT TYPE OF METHODS CANCER CELLS TARGETS EFFECT OF BUTYRATE CITATIONS
STUDY
NaB In vitro PCR HT-29 (human CRC cells) MUC2 gene NaB can inhibit MUC2 gene expression 39
NaB In vitro RT-PCR HCT-116, AW480 (human Dynamin-related protein ~ NaB induces apoptosis in CRC 40
CRC cells) 1 (DRP1)
NaB, EGCG In vitro PCR HCT-116, RKO, HT-29 P21, P53, NF-kB-p65, NaB promotes apoptosis and inhibits DNA 41
(human CRC cells) HDAC1, DNMT1, survivin ~ damage, cell cycle arrest in CRC cells
NaB In vitro RT-PCR, Western blot assay, DU145, PC3 cells (human ANXA1 NaB inhibits proliferation and cell survival 42
MTT proliferation assay prostate cancer cells) in DU145 cells and upregulates ANXA1
expression in prostate cancer
Butyrate, TSA  Invitro Northern blot analyses, H-thymi- ~ HT-29, HT-116 (human CRC P21 mRNA Butyrate induces P21 mRNA expressionin 43
dine assay, DNA transfer analysis  cells) an immediate early fashion
NaB In vitro Western blot assay, qRT-PCR Burkitt lymphoma cell line c-Myc protein Butyrate upregulates miR-143, miR-145, 44
Raji and miR-101
NaB In vitro Western blot analyses, PCR MDA-MB-231 and MCF7 NaB upregulates miR-31 45

(human breast cancer cells)

Abbreviations: ANXAT1, lipocortin 1; DNMT 1, DNA (cytosine-5)-methyltransferase 1; HDACI, histone deacetylase inhibitors; MUC 2, mucin 2; NaB, sodium butyrate; NF-«B, nuclear factor «B; PCR, polymerase chain reaction;
qRT-PCR, reverse-transcription quantitative PCR; RT-PCR, real-time PCR; TSA, trichostain A (histone hyperacetylatina anent

Epigenetic Regulation of Gene Expression Induced by St Syt
Butyrate in Colorectal Cancer: Involvement of MicroRNA .

Karen S Bishop', Huawen Xu? and Gareth Marlov?

Auchiand Cancer Scckty Aoscarch Corre, Facaty of Medcal and Heath Sconces, Uniorsity &M



Diet dictates the production of SCFAs, diversity of
the microbiota, many types of complex carbs

Increased access to
complex carbohydrates
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Mechanism of action of fibre: Short-chain
fatty acids (SCFAs)?

* SCFAs are major metabolites produced by the microbiota
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Nature Reviews | Neuroscience

Cryan, John F., and Timothy G. Dinan. "Mind-altering microorganisms: the impact of the gut
microbiota on brain and behaviour." Nature reviews neuroscience 13.10 (2012): 701-712. 10



SESSION 3: Mental HEALTH

O

Lifestyle factors and the gut-brain axis: relevance to Alzheimer’s
Neurogenese

Prof. Yvonne Nolan, University Cork, Ireland

Mikrobiota mit Einfluss auf die Neurogenese
im Hippokampus

Yakult

[Science for Healfh)




Session 8: Gut Metabolsim O

Gut microbiome and its interaction with host metabolic and
neurological functionsn Nordic-medit,. Diet

Prof. Marie-Christine Simon, University of Bonn, Germany

GLP1 rezeptor im Rortex, hippocampus, GLP improves cognition, Alzheimer
Prophylaxe ?, probiotics stimulate Gl micobiota , enhance GLP1

/Science for Healfh)
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Lifestyle factors and the gut-brain axis: relevance to Alzheimer’s

Prof. Yvonne Nolan, University Cork, Ireland

Lifestyle-Faktoren beeinflussen das
Mikrobiom

Midlife phase ist wichtig
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[T

Main factors affecting the gut microbiome

Gut microbiota are very responsive to lifestyle and environmental factors
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Lifestyle factors and the gut-brain axis: relevance to Alzheimer’s

Prof. Yvonne Nolan, University Cork, Ireland

Mediterranean diet

Positiver Einfluss der

S— o mediterranen

ESEARCH AT e o T | ik -~
M?diterranean diet adherence is associated = [ ‘ . 2 . E rn a h ru ng
with lower dementia risk, independent =

o_f genetic predisposition: findings from the UK

Biobank prospective cohort study

Olver M, Sharnon'’, lanice M Barson®, Sarah Geee sty
Marfeen Lentjes”’, Angels Mulligan i

Macio Serva’, Avvie Mase Minihane Graciels Mury
David | Liewelhmy' 1" and Ervna Stevernon'!

and/or dementia

Yakult
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Interventions, examples

Fasting, CR
Probiotika, Prebiotika, Synbiotika, Postbiotika

Epigenetic active foods,
mi RNAS



Fasting pathways: Sirt, mTOR pathways

L0

LIVER INJURY/REGENERATION

SIRT1 Controls Liver Regeneration by Regulating Bile
Acid Metabolism Through Farnesoid X Receptor and
Mammalian Target of Rapamycin Signaling

Juan L. Garca-Rodrgoez,' Lock Barbier-Torres," Sara Fermindez-Abvarez.' Vingola Guéérrez-de Juan,'
Mana ). Mome.” Emina Halilbasic,” Danied Herranz.* Luts Ahvarez,” famicia Aspichusta,” Jose J.G. Marin,*
Michse! Trauner,” Jose M. Mo, Manued Serrano,* Naiara Beruze "™ and Maria Luz Martinez Chantar’*
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Caloric restriction and aging change epigenetic
CpG -methylation structure

Accepted: 23 January 2018
DOL: 10.1111/acel 12738
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Global remodeling of the mouse DNA methylome during
aging and in response to calorie restriction
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Fasting and Microbiota

¥in i hcchenachy. G1115) 127:904-308 Wiener klinische Wochenschrift
DOt 10.1007/500508-015-0755-1 ] & @

Increased gut microbiota diversity and abundance of Conclusions Our results show that caloric restriction

Faecalibacterium prausnitzii and Akkermansia after affects gut microbiota by proliferating mucin-degrading

fasting: a pilot study microbial subpopulations. An additional intervention
with a probiotic formula increased probiotic-adminis-

Marlene Remely - Berit Hippe - Issbells Geretschiseger - Sonja Stegmayer - Ingrid Hoefinger - tered gut microbial populations.

Alexander Hasiberger

Recevec: 2 Octcber 2014 / Accepted: 20 January 20158 / Pubished onlna: 12 March 2018
© Springer-\erlag Wian 2015
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Caloric restriction, ketogenic diet involve SIRTs (+NAD, clock genes)
+ mTOR pathways (Metformin). What do fasting mimetics?

restriction

Protein restriction

) U
SIRT1 -] LkB1 e
\ / PI3K
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Ketosis, ketogenic diet and food intake control: a complex relationship
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Figwe 3. Ciccadian regulation of NAD' biosynthesis and metabolism
by NAMPT and sirtuins, Nampe 5 one of the SIRTHTLOCK/BMALTL
regulated circadian genes, and SIRTT and NAMPT comprise a novel
dreadian  requlatory feedback loop, producing the  drcsdian
oscillation of NAD®, This circadian oscillation of NAD® drives SHTT,
SIRT3, and SIATE activities, SIRT1 feedbacks the key circadian
transcription factors CLOCK/BMAL and regulates genes related to
peptide and cofactor biosynthesis in the hves, SFTT also regulates
Bmal) expression through PGC-Ta in the suprachiasmanic nuclews,
SIRT6 controls the chromatin recruitment of CLOCK/BMALY and
SREBP1 and regulates genes related to lipid and carbohydrate
metabolism, SIRT3 requlates axidative metabolism in mitochondria
through  circadian  deacetylation of miochondrial  oxidative
eraymes. All these circadian activity changes of sirtuins produce
robust metabolic outputs in many different tissues and organs.
NAD®, nicotinamide adenine dimecleotide; NAMPT, nicotinamide
phosphoribosyitransferase.

o of Disasse

REVIEW ARTICLE \
It takes two to tango: NAD" and sirtuins in aging/longevity

control

L e L



Caloric restriction: Rejuvenetion by senolysis? role for
autophagy ?

Senolytic therapeutics

AGED, DISEASED REJUVENATED, HEALTHY

senolytics
Is fasting senolytic? | Josh Mitteldorf x fmescgm
cells

https://joshmitteldorf.scienceblog.com/2017/.../i

ARTICLES
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me Cme hitps://ol.oeg 1010 30,A41501-018-0052 -9

Senolytics improve physical function and increase 83rd ICREA Colloquium, 2018
lifespanin old age

Ming Xu©'¥*, Tamar Pirtskhalava', Joshua N. Farr', Bettina M. Weigand"?, Allyson K, Palmer ',



Effect of Plant Ingredient and Diet on Microbiota and

Metabolites

Infiuences of dist and the gut microbs

Produce folate,
propionate, butyrate,
biotinand other low
molecular weight
compounds

in cancer and other dansses, Pact of ol clinicel spgentics 2015 7 112; DOI lO.uGEhBMIOlS-OMf?

Ingredients Shot
STOFF WIRKSTOFF | MENGE [ | Wirkstot!
| 25ML ,

Blueberry Extract Anthocyanins/ 40 mg 14mg
Anthocyanidin.. 10mg

Broccoll Extract Sulpharapane, 30 mg
Glucoraphin..

Apfel extract Phlorentin, Quercetin.,  50mg

Otrus extract Naringin.. 40 mg

Nikotinamid Nikotinamid ribosid 2amg

Zinkgluconat Zink 75mg

Wasser, Stevia, Erythrit



Probiotic

* Positive effects on health already 100 years ago suggested by Nobel
Prize winner Elie Metchnikoff [Metchnikoff, 2004]

* Definition: “live microorganisms that, when administered in
adequate amounts, confer a health benefit on the host”
[FAO/WHO, 2002]

* Over 8000 research articles published since 2002 = several probiotic
products on the market [Hill et al., 2014]

* Cell components of probiotics able to induce effects in host [Dotan
and Rachmilewitz, 2005] but requirement for survivable cells remains
a crucial factor for efficacy [Ma et al., 2004]



1953 2003

Kotath uses the Genomic era: first
1B57-1864 1878 1907 1930 term probiotika 1989 genome saquence 2016
steur discovers  LAB isolated  Metchnikoff describes  Shirota commercializes for active Fuller defines probiotics  of a probiotic, FDA/CBER
\B as spollage from milk Bulgarian Baciffus farmented milk based on substances as beneficial microbial Lactobacilus guidelines for
organisms by Lister  associated with health  (octobocillus casel isolate  promoting health supplements  °* plantgrum live biotherapeutics
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described by Tissier  descrived by Moro as microbes that stimulate growth of of probiotics 165 amplicon sequencing to

other microorganisms catalogue gut microbiome
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Antimicrobial substances

* Probiotics produce various antimicrobial acting substances

* Examples: lactic acid, hydrogen peroxide, microcines, deconjugated
bile acids [Oelschlaeger, 2010], bacteriocins [Maqueda et al., 2008]

* Antibiotics also produced by probiotics = reuterin:
* Broad-spectrum antibiotic

* Active against yeast, gram-positive and gram-negative bacteria, fungi, viruses,
protozoa

* Produced by strain ATCC55730 from L. reuteri [Cleusix et al., 2007]



Species

e Lactobacilli:
* Present in GIT, oral cavity and vagina of humans [Walter, 2008]

* Widespread use in production and fermentation of foods = ability to convert
hexose sugars to lactic acid = preservation [Fijan, 2014]

» Excellent for use as probiotics: high tolerance to acid and bile, capability to
adhere to intestinal surfaces [Tulumoglu et al., 2013]
* Bifidobacteria:

* First colonizers of the human gut together with lactobacilli [Turroni et al.,
2012]

* Well known for resistance against bile salts [Fijan, 2014]



/Gastric acid
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Species

* Bacillus species:

* Either spore-forming aerobic or facultative aerobic, gram positive bacteria
* B. subtilis, B. cereus, B. coagulans are members with probiotic characteristics
[Fijan, 2014]

e Eschericha coli Nissle 1917:

* Able to colonize the gut and compete with resident and pathogenic bacteria
through multiple fitness factors [Behnsen et al., 2013]

 Stimulation of epithelial defensin production = restoration of disturbed gut
barrier

 ,Sealing effect” on tight junctions of enterocytes [Sonnenborn and Schulze,
2009]



IFN-y, IL-8,
IL-10 IL-12, TNF-«

Calprotectin @T Expansion of
@T blood CD4* T
C:)\ C9/' cells
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® ®
\ Modulation of

IgM and 1gG in A/G) @l @l o T cells

infant mucosa

Tight junctions COX-2
(ZO-2) PGE2

Figure 2. Various ways of immune modulation by E. coli Nissle 1917
(summary of data from in vitro an2d0i1n3i/ivo experiments) [Behnsen et al.,



Probiotics for diarrheal diseases

Table 2 Summary of recommendations for use of probiotics in diarrheal diseases

Y-Y Lee et a

Condition Proven efficacy

Probable efficacy

Acute infectious diarrhea

Adults
Treatment Lactobacillus rhamnosus GG, Saccharomyces boulardii
CNCM |-745
Children
Treatment L. rhamnosus GG, S. boulardii CNCM |-745
Prevention
Antibiotic-associated diarrhea
Adults
Treatment L. rhamnosus GG, S. boulardii CNCM |-745
Prevention Lactobacillus bulgaricus, Lactobacillus casei DN-114001,
L. reuteri ATCC 55730, Streptococcus thermophilus,
and mixture of Lactobacillus acidophilus CL1285 + L.
casei LBC8OR + L. rhamnosus CLR2
Children
Treatment L. rhamnosus GG, S. boulardii CNCM |-745
Clostridium difficile-associated diarrhea
Adults
Prevention Mixture of L. acidophilus CL1285 + L. casei LBC80R + L.
rhamnosus CLR2, mixture of Bifidobacterium bifidum
+ L. acidophilus, L. bulgaricus, L. casei DN-114001,
L. casei LBC8OR, S. thermophilus
Children
Prevention
Traveler's diarrhea
Adults
Prevention S. boulardii CNCM 1-745
Irritable bowel syndrome
Adults
Treatment Bifidobacterium infantis 35 624, Escherichia coli
DSM17252, Lactobacillus plantarum 299v, S. boulardii
CNCM 1-745

Lactobacillus paracasei B21060, Lactobacillus reuteri
DSM17938

Bacillus clausii, L. paracasei B21060, L. reuteri
DSM17938
L. rhamnosus GG, S. boulardii CNCM 1-745

S. boulardii CNCM |-745

B. bifidum MIMBb75, VSL#3



Treatment of acute diarrhea with probiotics — meta-analyses
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Methods: We conducted searches of MEDLINE, EMBASE, CENTRAL, PsycINFO, CINAHL, ProQuest, LILACS, and Web of
Science up to February 2020 to identify randomized controlled trials (RCTs) investigating the efficacy of probiotics
associated with or without pharmacological or psychological therapies for patient-important outcomes including relief
of depressive, anxiety and stress symptoms, cognitive functions, adverse events and quality of life. We used the GRADE
approach to rate the overall certainty of the evidence by outcome. The protocol of the systematic review was
registered with PROPSERO and published under the number CRD4202016329.

Results: 16 RCTs including 1,125 patients proved eligible. Results suggested a significant improvement in using Beck
Depression Index (MD, -3.20 [95% Cl, -5.91 to -0.49], p = 0.02; 12 = 21%, p = 0.28) for depression symptoms and State-
Trait Anxiety Inventory (STAI) (MD, -6.88 [95% Cl, -12.35 to -1.41], p = 0.01; 12 = 24%, p = 0.25) for anxiety with overall
certainty in evidence rated as moderate and low, respectively. However, Depression Scale (DASS-Depression) (MD, 2.01
[95% ClI, -0.80 to 4.82], p = 0.16; 12 = 0%, p = 0.62), Montgomery-Asberg Depression Rating Scale (MADRAS) (MD, -2,41
[95% ClI, -10,55 to 5,72], p = 0,56; 12 = 87%, p = 0,006), Anxiety scale (DASS-Anxiety) (MD, 0.49 [95% ClI, -4.05 to 5.02], p
=0.83; 12 = 74%, p = 0.05), and Stress Scale (DASS-Stress) (MD, 0.84 [95% Cl, -2.64 to 4.33], p =0.64; 12 =34%, p = 0.22)
showed no significant decrease in the relief of depression, anxiety and stress symptoms of probiotics compared to
placebo with overall certainty in evidence rated as very low for all outcomes. We also found no differences in the Beck
Anxiety Index (BAI) (MD, -3.21 [95% Cl, -6.50 to 0.08], p = 0.06; 12 = 0%, p = 0.88) with overall certainty in evidence
rated as low. Results suggested a non-statistically significantly effect of probiotics in the adverse events outcomes.

Conclusions: The current review suggests that probiotics may improve symptoms of depression and anxiety in clinical
patients. However, given the limitations in the included studies, RCTs with long-term follow-up and large sample sizes
are needed.
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Probiotics and anxiety

B.bifidum B.longum L.helveticus L.plantarum

HOW DO PROBIOTICS HELP B.lactis
2 L.reuteri =5
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immune responses

a significant decrease in
depressive symptoms favoring
probiotics containing strains
such as Lactobacillus
acidophilus, Lactobacillus
paracasei, Lactobacillus casei,
Lactobacillus plantarum,
Lactobacillus salivarius,
Bifidobacterium bifidum,
Bifidobacterium lactis,
Bifidobacterium breve, and
Bifidobacterium longum (MD: -
2.69, CI95%: -4.22/-1.16, p
value: 0.00). Conversely, RCTs
using HAMD showed a non-
significant reduction in
depressive symptoms (MD: -
1.40, CI195%: -3.29/0.48, p
value: 0.14). RCTs employing
DASS and MADRS scales also
showed no significant
differences.
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Abstract

The present study examined whether Lactobacillus casei strain Shirota (LcS) improves sleep quality under psychological
stress. A double-blind, placebo-controlled trial was conducted in healthy 4" year medical students exposed to
academic examination stress. The trial was repeated over two consecutive years in different groups of students,
and the data were pooled. For 8 weeks prior to and 3 weeks after a national standardised examination, a total of 48
and 46 subjects received a daily dose of 100 ml of LcS-fermented milk or non-fermented placebo milk, respectively.
Study measures included subjective anxiety, overnight single-channel electroencephalography (EEG) recordings,
and the Oguri-Shirakawa- Azumi (OSA) sleep inventory scores of subjective sleep quality. Total OSA scores were
significantly lower than baseline on the day before the exam and recovered after the exam, indicating a stress-induced
decline in sleep quality. There was a significant positive effect of LcS treatment on OSA factors for sleepiness on



Meta-analysis probiotic allergy

Methods

We performed a comprehensive search on PubMed, Cochrane Library, EMBASE for relevant publications from 1 Jan
2000 to 1 July 2021. Physical examinations, Pediatric Rhinoconjunctivitis Quality of Life Questionnaires (PRQLQs),
Total Nasal Symptom Score (TNSS), Nasal or Eye Symptom Score (NSS or ESS), serum allergen-specific IgE, and
eosinophil were used as evaluating indicators for AR and allergic asthma in children and adolescents. The meta-
analysis was performed using Review Manager (RevMan, Version 5.3).

Results

15 randomized controlled trials (RCTs) with a total of 1388 participants were included for the meta-analysis. Among
them, 729 patients treated with probiotics served as the probiotics group, and 659 patients with placebo as control
group. Significantly greater reduction in PRQLQs from baseline to endpoint (SMD =-2.57, 95% CI [ - 4.66, —0.48]
P<0.01), NSS (SMD =-1.43,95% Cl [ - 1.63,-1.23], P<0.01) and ESS (total MD =-1.67,95% CI [ - 1.79, - 1.55],

P <0.01) were observed in probiotics group compared to control group. Probiotics have no significant effect to
serum IgE and eosinophils (P > 0.01).

Conclusion

The results of this meta-analysis indicated that probiotics treatment may reduce PRQLQs, NSS, ESS in patients with
allergic airway disease. More research involving the mechanism of probiotics are needed to clarify the role of
probiotics in AR and allergic asthma in children and adolescents.



Probiotics effect the Epigenetic regulation
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Article

Epigenetic aspects of new probiotic concept — a pilot study

Nina Qkuka !, Verena Schuh 2, Ulrike Krammer 2, Snezana Polovina 3, Mirjana Sumarac-Dumanovic ¢, Neda Mil-
inkovic %, Ksenija Velickovic ¢, Brizita Djordjevic 7, Alexander Haslberger ¥, Nevena D)j. Ivanovic 7+

The novel probiotic approach consisting of Lactobacillus plantarum,
Saccharomyces cerevisiae var. boulardii and oc-tacosanol)had a positive
effect on regulating the expression of certain miRNAs and mRNAs
important for regulating inflammation and adipogenesis, which are
essential for obesity onset and control., in print

AG Haslberger
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+The through butyrate and beta-hydroxybutyrate
modulated effects of pro- and prebictic
administration, fasting and caloric restriction on
depression”

HOMNes oy
Manan Sreaing, BSc

Butyrate and beta-hydroxybutyrate are similar due to their structure and additionally seem
to have similar physiological influencing properties. That’s why literature was obtained
examining their effects on depression through fasting, caloric restriction and pre- and
probiotic administration. A meta-analysis was conducted with the three included pre-and
probiotic intervention trails and is able to show a significant increase of butyrate (SMD
0,34; [0,02 — 0,67]) and an improvement of depression scores (SMD 0,15, [-0,35 - 0,70])
through the pre-and probiotic interventions. Furthermore, a correlation between butyrate
and depression scores (b1 =1,57; p = 0,17) was calculated, which suggests a connection
between butyrate and depression, as well as pre- and probiotic administration as possible
depression ameliorating intervention. Additionally, three studies were qualitatively
analyzed examining fasting as intervention. A possible connection between fasting,
betahydroxybutyrate and depression was found. Caloric restriction as potential long-term
intervention was mentioned as alternative as well as further needed studies stated.
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Prediction of individual responses to

prebiotics and probiotics intervention

A Prebiotics and Probiotics Task Forces' collaboration

Background and Objectives

Individuals show a broad range of responses to dietary interventions and vary widely in their susceptibility to nutritional
challenges or stressors. Consequently, anticipating individual-specific responses to a given pre- or probiotic intervention and
selection of the most appropriate target population for demonstrating the benefits of such an intervention is challenging.
This activity will review state-of-the-art in silico, in vitro, and in vivo approaches for the rational design and testing of
personalised interventions. The main objective is to provide a path forward, highlighting tools and approaches that enable

personalised pre/probiotic interventions that improve human health and well-being.

2024 AG Haslberger 138



Probiotics, new ways

nature ? nature medicine ? letters ? article

Supplementation with Akkermansia muciniphilain

overweight and obese human volunteers: a proof-of- Probiotika: Sind tote Bakterien wirksamer als
concept exploratory study lebende?

Clara Depommier, Amandine Everard, Céline Druart, Hubert Plovier, Matthias Van Hul, Sara Vieira-Silva, Das Prinzip von Probiotika kennt jeder - egal ob als Joghurt oder Supplement: Dem Kor-

Gwen Falony, Jercen Raes, Dominique Maiter, Nathalie M. Delzenne, Marie de Barsy, Audrey Loumaye, per werden mit der Nahrung Bakterien zugefihrt, die sich im Darm vermehren und ge-

Michel P. Hermans, Jean-Paul Thissen, Willem M. de Vos & Patrice D. Cani & sundheitsforderlich sein sollen, Soweit die Theorie. Doch eine aktuelle Studie wirft Fra-
gen auf.

Nature Medicine 25, 1096-1103 (2019) | Cite this article

Commensal Obligate Anaerobic Bacteria and
Health: Production, Storage, and Delivery
Strategies

A J0sé Carlos Andrade”,  Diana Almelda”,  Metany Domingos’, [ff] Catarina Leat Sesbra™,
[ Danicla Machado’, [l Ana Cristina Freitas'” and J§ Ana Maria Gomes:

ICESP, bstituno de Investigacao « Formagao Avancado =m Cienciss e Tecnologias da Saide, Gancra Partuge

“CBOF - Cenbur de 8o

ploga & Ourmica Fra - Laboratoon Assocada, Escola Superar de Botacnologa, Uniersdace
Portunal

Catdlca Potuguasa, Porne
In the last yeurs several human commensals have emerged from the gut microblota studies as
potential probiotics or therapeutic agents. Steains of human gut inhabitants such as
Akkermansta, Bacterovdes, or Faecalibactorium have shown several interesting bioactivities
and are thus currently being considered as food supplements or as live biotherapeutics, as is

already the case with other human commensals such as bifidobacterfa, The large-scale nse of
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The ingredient

According to Deerland, DE111 is a genome sequenced strain of Bacillus subtifis. The genome
sequencing confirmed the strain contained no plasmids, antibiotic resistant or deleterious genes;
the human clinical studies showed the strain’s ability to control microbial populations, aid in
digestion and maintain general health. Because the strain is a spore former it remains viable under
a wide temperature and pH range, making it ideal for use in supplements as well as food and
beverages.

Source: Journal of Probiotics & Health

2017, 5:4, doi: 10.4172/2329-8901.1000189

“The Effect of Bacillus subtilis DE117 on the Daily Bowel Movement Profile for People with Occasional
Gastrointestinal Irregularity”

Authors: A.M. Cuentas et al.
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Butyrate production or cross feeding ?

OIN G ACTISS Trwety sractatee unirs

Butyrate-Producing Probiotics Reduce Nonalc ic
Fatty Liver Disease Progression in Rats: New Insight into
the Probiotics for the Gut-Liver Axis

Hitoshi Endo'", Maki Niioka®, Noeiko Kobayashi®, Mamoru Tanaka®, Tetsu Watanabe'*

1 Covnw bu phow do Mesernu sat lrmewmnd Mt [searvers of Covu et vt e rtrur Lwoi of Weebite letes ww D Toews awl

Figure

Caption

Figure 2. Cross-feeding effect between
Bifidobacterium and butyrate-producing bacte-
ria. Bifidobacterium utilises supplemented pre-
biotics, which stimulates their growth. Acetste
produced by Bifidobacterium becomes a carbon
source for butyrate-producing microbes, stima
lating their growth and butyrate-producing activi
ties and, in Turn, modulating the Bead maore

Available via license: CC BY

Content may D sibject 10 cupyright



Prebiotics what is it?

" Selective utilization
_by host microorganisms

Substances that
affect the microbiome

¥

R

C Prebiotic* ) Not Prebiotic)
r Y Dietary T "
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“ClAsand Human milk Readily Less |( Proteins Probiotics
1 PUFAs oligosaccharides | ||| fermentable fermentable ‘|| and fats

! eIy ;
Oligosaccharides & ! !
e.g. FOS, Inulin, Phenolics and
GOS, MOS, XOS phytochemicals ( Antibiotics )

Nature Reviews | Gastroenteroloav & Hepatoloay

Credit: Gibson GR, et al. Nature Reviews Gastroenterology & Hepatology. 2017; 14: 491-502. (CC-BY)



Fibers and SCFA

Insoluble, fermentable dietary fibers
that target butyrogenic bacteria
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Fibers and obesity, butyrogenic
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Receptors of SCFAs

Dietary fiber
l Gut microbiota

SCFAs

1

GPR41 GPR43 GPR4l GPR43  GPR4I  GPR43 GPRA| GPR4l  OIfi78
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1Satiety Intestinal-brain axis
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Intestinal tract Adipose Pancreas ganglion Blood vessel

Figure 17. Short-chain fatty acid (SCFA)-receptor-mediated pathways and their effects on host energy
metabolism in peripheral tissues. Gut microbes can ferment dictary fiber into SCFAs, which induce an
array of G-protein coupled receptor-mediated signaling pathways that are essentially implicated in host
energy homeostasis in multiple tissues [158].
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Potential anti-inflammatory responses, promote barrier
integrity, and potentially modulate intestinal microbiota

l Obesity
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Control group
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| 2 S

Standard cow’s milk formula
Active group
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Formula with Prebiotics
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Milk replacer plus galacto-
oligosaccharides significantly

8'0 * o0 7.0 improved gut architectural features

) i @ Q @ . .
00 ¢ b @® . and villus/crypt ratio throughout
| 07 14 @ %’1}9 609 the gastrointestinal tract, increased
e e @ G’M. @ the number of goblet cells and

Hydvolysts folowsd revealed a differential abundance

Lactose Bygicosfhtienln  Galacto-oligosaccharides o o .
concentrated acd of beneficial probiotic bacteria,

(onry avosicts) {Motentioy avatiidis)

particularly Lactobacillus and
Bifidobacterium.



Alteration in gut permeability for
the release of SCFA

A BN oy 4 N =
Froduction o

bak ~1.
HHEeTADOHITES

Probiotics
XA
Butyrate Acetate Proplonate
Short Chain Fatty Acids

C32+

Reduces harmful
protein digestion,
thereby decreases
the effect of toxic

metabolites

Source: https://www frontiersin.org/articles/10.3389/fphar.2021.712531 /full



\t this time, on the basis of currently available data,
upplementation with probiotics for prevention of
llergies in children cannot be recommended, even if
L is possible to underline the net benefit in high-risk
nfants in the prevention of eczema, as this effect is
redominantly constant across studies available in
he literature. However, the optimal strains, dose

nd timing, and duration of supplementation are still
inknown, although a combined pre- and post-natal
ntervention appeared of stronger benefit. Moreover,
he evidence for recommendation of prebiotic
upplementation in infants who are not exclusively
reastfed is of very low certainty and quality.
‘herefore, conclusive evidence is still lacking to be
ble to recommend routine use of pre/probiotics for
llergic preventive purposes.

The bifidogenic effect of human milk (rich in oligosaccharides)
is well-known. Prebiotics have long been added to infant milk
formulas to mimic these functional characteristics of breast
milk (52, 80, 81). A combination of galacto-oligosaccharide
(GOS) and fructo-oligosaccharide (FOS) (scGOS 90% plus IcFOS
10%) was prebiotic of choice in a number of intervention trials.
Acidic oligosaccharides (AOS), polydextrose (PDX) (with or
without lactulose), different content of lactose, oligofructose
plus inulin have also been tested (Table 1). Modification of
intestinal microbiota represents the principal way by which this
effect has been orchestrated (93) and has been reported in
several studies (82, 90, 92, 94, 95). The 2'-fucosyllactose (2'-FL)
human milk oligosaccharide (HMO), the most plentiful HMO in
most human milk, has been recently synthesized and is now
commercially available in few supplemented infant formulas,
bringing the composition closer to human milk (95).



Synbiotics

Prebiotics
Food for bacterial ~ Synbiotics Probiotics

Prebiotics are Synbiotics are Live bacteria!
substances that a combination

can only be of both pro Probiotics are
metabolized by and prebiotics. active bacterial
the gut bacteria, cultures.

and not the

human host.




Probiotics Postbiotics
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Postbiotics

= 42 ) [SRPOSTBIOTICS

PROBIOTICS

*Bacteriocins (protective compounds that make life hard for
the bad guys)*

*Enzymes (help to digest food, get rid of toxins and assist other
metabolic processes)*

*Vitamins (l/ike the B’s and vitamin K)*

*Amino acids (building blocks of protein)*
*Neurotransmitters (carry messages between the nerves and
brain and can even affect appetite)*

*Immune-signaling compounds (they support the body’s
immune cells)*

*Short-chain fatty acids (created from fiber, they keep the
intestinal lining strong and healthy)*

*Nitric oxide (crucial for cardiovascular health)*

*Organic acids (such as Fulvic and Humic acid. They combine
with minerals, making them easier to absorb and help
maintain the correct pH in the Gl tract)*



Postbiotic concepts

Non-viable
probiotic bacteria

Selective fermentation of
non-digestible fiber

Butyrate, acetate and

proplonate

[
|
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Figure 18, Schematic representation of various health benefits of postbiotic molecules [165]



Fermentation spontaneous stater cultures

A Future Place for Saccharomyces Mixtures and Hybrids in Wine Making
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Spontaneous Fermentation

Controlled Fermentation Spontaneous but monitored Controlled Fermentation with Controlled Fermentation with
Saccharomyces (S) & Wild (W) Starter cultures of Fermentation mixed starters of intra- or interpecific

Yeasts: Saccharomyces (S): Saccharomyces (S) & Wild (W) Saccharomyces (S) & Wild (W) Hybrid (H) starter strains of
For nearly 10 000 years Since end of 19 century Yeasts. Inoculation of starters only Yeasts: Modern trend Saccharomyces: Modern trend

in case of emergency:

Developed for selected wineries HC 2018
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Mukherjee et al 2024 Nat Rev Gastro Enterol

Fermentation €an also remove of
undesirable Compounds from Substrates

Mycotoxins
Lactose
FODMAPSs
Gluten

Trypsin Inhibitors (plants, especially legumes)
Phytic acid (cereals, legumes, seeds)

Vicine and convicine (glucosides: faba bean)
Cyanogenic glycosides (bitter cassava)




Fermentation between tradition and novel

possibilities

Shannon Stonger
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—
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Traditiorgﬂy/
Fermented Foods

Main categories of criteria

Pro-technological Sensory Nutritional/Functional
v ¥ v
Metabolic tracts
v Velocity of growth v Heterofermentative v Synthesis of biogenic
v Velocrty of acidification metabalism compounds
v Saolt tolerance ¥ Synthesis of aroma - increase of the
v
v

8 585

Low pH volues tolerance
Copacity of growth at low pH
values

Completeness of fermentation
Malolactic fermentation

Mild acid producing

Tolerance to high
concentration of polyphenolics
Synthesis of antimicrobial
compounds

Pectinolytic activity

precursor compounds

concentration of free
amine acids

- over-praduction of

vitamins

- liberation of bicactive

peptides

- synthesis of-amino

butyric acid
Synthesis of
exopolisacchorides

Novel fermented
plant-based
foods
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Fermentation of food waste results in usefull
molecules

| Poly-L-lactic acid |

7.0kg



Bioactive plant ingredients, fuctional foods,
sekundaere Pflanzeninhaltsstoffe

Gruppe Grundbausteine Substanzklasse
Phenolische Verbindungen Shikimat Polyphenole
Phenylalanin einfache Phenole
Phenylpropan-Derivate
Phenylalanin + Polyketid Flavonoide
Stilbene
Isoprenoide Verbindungen naktives Isopren” (C.,) Hemiterpene (C.)

Monoterpene (C, )
Sesquiterpene (C,,)

Diterpene (C,)
Triterpene (C,,)
Tetraterpene (C,)
Polyterpene
Pseudoalkaloide Terpenoide, Polyketid Terpenoid-Alkaloide
einige Piperidin-Alkaloide
Lechte” Alkaloide Aspartat Tabak-Alkaloide
Lysin Lupinen-Alkaloide
Ornithin, Arginin Pyrrolizidin-Alkaloide
Tropan-Alkaloide
Tyrosin Benzylisochinolin-Alkaloide
Tryptophan Indol-Alkaloide

Glycin Purin-Alkaloide




Polyphenols

Polyphenols
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Polyphenols are molecules chemically
characterized by the presence of at least one
aromatic ring with one or more hydroxyl groups
attached . Polyphenols are plant secondary
metabolites that are thought to help plants to
survive and proliferate, protecting them against
microbial infections or herbivorous animals, or
luring pollinators . Polyphenols are found in
many medicinal and edible plants which
represent important alimentary sources,
including fruits, vegetables, beverages (such as
tea and red wine) and extra virgin oil



Polyphenols and their plant sources,

Polyphenals
Flavonoids Phenolic acidh Stilbenes Curcumincicy Lignans Ellagitanning and ellagic acid Coumaring
| o % -5 .
P L o ) R e ¥ on J
- . - | -
FN— - :p -
red wine, grapes rizhome of turmeric flax and sesame seeds, pomegranates, tonka beans,
whole bran ceroals berries, nuts cinnamon
Mydraxycinnamic acids Hydroxybenzoic acikds
S e {4
colfee, yerts mate, berries, pices,
red wine, fruits, corealy, toa
‘ vegetabies, cereals
| [ |
Flavonods Flavam-3.0ls Flavanones Flavones Isoflavones Anthocyanins Dibwdrochalcones  Proanthocyanidins
o L L} i 9! | » e
. Ve Ny . 1
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onions, kale, ted, COC0R, otrus fruits, celery, sweet soybeans, Diveberries, ppies apples,
loeks, beoccoli, red wine tomatoes pepper, carrots, chickpeas red wine, pine barks,
wine, ted parsiey, pomegranate cinnamon,
vegetable oils blueberry,
e, COC0R




Anthocyans

Q
-
™
- Elage scit

“(o
POLYPHENOLS o -~
\ A

Current Opinion in Food Science




Types and classification of bioactive

compounds from food

Major Food Bioactive Compounds (FBCs) sources
and classification

ORIGIN
O=— Plant
O=— Animal
O=— Funai
O= Bacteria

Fruits processing by-product
streams

Additives, nutraceuticals,
unconventional oil, novel
functional foods

Valorization of fruit processing byproduct streams

-

: Dietary fibers
Natural bioactivesmssssp Antioxidants

H Antimicrobial food

Conventional
Essential fatty acids or non thermal
Unconventional source Squalene processing
offoodoil "™ o osterols extracts
Carotenoids 4
Novel functional food -

Value added products: food and pharmaceutical applications



Nutraceuticals

* Adverse reaction
Epidemiology data
Clinical study
Safety and efficacy
Clinical data

\ interpretation

K Therapeutic efﬁcacy\

/ Quantification of
Bioactives

* Metabolitefinger
printing

* Adulteration

. * Stability of study

‘

4

Finished herbal
products

Herbal

preparmations

Evidence-based scientific
validation

" Botanical source, \
authentication

* Growthand
geographical location

* Collectionand
processing of raw
material

* Final product storage

" and selflife J

interaction
* Pharmacovigilance
* Risk assessment
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Nutraceuticals for aging

CoenzymeQ,, Antioxidants

’m I -—°‘j~" Nutraceuticals .
for Geriatrics )- ~ SONCRRee |

// N
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The best nutraceutical for healthy aging:CR
fasting, taken as an example for desired activities

~ Caloric restriction \ Caloric restriction
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Fasting

abstain from all/or some kinds of food or drink for a defined
time. Has been implicated in religious cultures through out
the world

Voluntary in contrast to starvation,

Hippocrates (460- 370 v.Chr) und Hildegard von Bingen
(1098-1179)

20t century: Dr. Buchinger (Witzenhausen 1878-1966),

CR: fasting, intermitted fasting, alternative day fasting..
without malnutrition

R. Mesnage, F. Grundler, A. Schwiertz, Y. Le Maho, and F. Wilhelmi de Toledo, “Changes in human gut microbiota
composition are linked to the energy metabolic switch during 10 d of Buchinger fasting,” J. Nutr. Sci., vol. 8, p. €36,
2019, doi: 10.1017/jns.2019.33.
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So, can we increase health span by fasting, CR ?

Healthspan Age-Related Disease

Normal Aging
Today

Lifespan >

Optimal
Longevity

So what contributes to age related diseases/premature aging
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Aging/ health are defined by its hallmarks

i |

™
‘ml

NUtrient cansing

C. Lépez-otin, M. A. Blasco, L. Partridge, M. Serrano, and G. Kroemer, “The Hallmarks of Aging Longevity,” Cell, vol.
153, no. 6, pp. 1194-1217, 2013, doi: 10.1016/j.cell.2013.05.039.The.
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Fasting mechanisms: AMPK, SIRT, mTOR, p53

pS3
Caloric - \ Glucose
Restriction Sestrin 1/2 star\iation :_:;;
N
Resveratrol Rapamycin Al\f PK l

@' Sirt-1 4‘ mTOR |v-— (TSC1-TSC2 )= =~ AKT ]'

\ j \ \A MDM?2
Autophagy AE-BP @

l S6K \
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= & Mechanisms of epigenetic regulation .
* The “above genetic

* Impacts transcription
without changing the
sequence of the DNA

3 L9
e e

Chromatin

Histone acetylation
‘V e originally developed as a
Histone methylation host defense and
9 Readers  Writers o protection of the genome
y : Histone v T " DNA methylation stabili ty

&

Erasers

WO F*

* silencing or activate gene

M : j“’ Nucleosome p -
m"’"‘w‘k yo!  \ expression

Gene repression

pri-miRNA %, S MRNA . i
i DNA double helix * Can be influenced
9
v ."', > ) ™ \/j
MIRNA dupiex RyRyR AN > S » Alterations have been
b T RNA bindi ™ . . .
v b ' associated with different
= — mRNA degradation .
Mature miRNA A\ gica pathologles

L. Smigielski, V. Jagannath, W. Rossler, S. Walitza, and E. Griinblatt, “Epigenetic mechanisms in schizophrenia and other psychotic disorders: a systematic
review of empirical human findings,” Mol. Psychiatry, vol. 25, no. 8, pp. 1718-1748, 2020, doi: 10.1038/s41380-019-0601-3.
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Histone deacetylases, Sirtuins

Histone deacetylases

Dysregulated
(HDACs) Z;‘;‘f:\f‘;’;’ve hepatic glucose
Disputed Neurodegeneration homeostasis
Cell-type SIRT1, SIRT2 SIRT1, SIRT6
disparities )
Hepatic
voaringoss— ) / //steaosis
(HDAC Zinc / HDAC NAD SIATH SIAT4, SIATS
Cardiovascular
Dependent " Dependent ovanc ool
SIRT1, SIRT3, dysfunction
SIRT7 — SIRT1, SIRT4
‘%———Increased
adiposity
: (F SIRT1, SIRT2,
@Iassl) "Classll ' (ClassIV (Class Il Shortened SIRT3, SIRT6
life span
l l SIRT6 Insulin
resistance
SIRT1, SIRT3
HDAC - ‘
enz SIRTs Cancer
s SIRT1, SIRT2
enzymes ’ =
Y 4,5,6,7,9 & 1-7 SIRT3, SIAT,
1,2,3&8 Sselode

10

J. A. Hall, J. E. Dominy, Y. Lee, and P. Puigserver, “The sirtuin family’s role in aging and age-associated pathologies,” J. Clin. Invest., vol. 123, no. 3, pp. 973-979, 2013, doi: 10.1172/JC164094.
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Epigenetic clock

Epigenetic Clock
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LLC T LU P T et i
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The gut microbiome and SCFAs

WAL Brain_ - - l Liver
i 1 2 olysis PSS Sﬂ.l'e!Y' Insulin sensltlwgyf
* not defined as a hallmark of aging, causal °"2“j°,":)2.;°,::3 e (G0 oot L ﬁmggﬂ;m;‘;;ﬂ
H H A 4 al sccumulation = At e Lttt Srore e‘
relationships have been observed between the 2 Haxkoy pid storag

microbiome and age Y — ‘ Hsirons [77,
. . . . . ,T\':lm, 1 IGN aLp-1 —— [ % 3 secretion
* Firmicutes, Bacteroidetes and Actinobacteria A ' (;—

. Inter-l.ndlwdua_l changes are determlnec_i by. . 8 l . N I—chp:
genetic, age, diet, health and geographic origin SIS Bicins : i) D

Acetate = '
( [ '} N

e Composition and diversity declining with age ,
Propionate ‘ W N

* Epigenetically active metabolites — SCFAs

* Target HDACs, GPCRs, used for energy ~—  Butyrate . ]

production | o |
* declines with aging IR2TEgr™m = oPRet _apas
. L L LI TN ... Wi 'f:;fﬂ]‘m]ﬁ!!‘:f
* Decline leads to obesity, inflammation, insulin Y % HoAC SA -3 \ls | 0
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Koh et al. From Dietary Fiber to Host Physiology: Short-Chain Fatty Acids as Key Bacterial Metabolites, 2016
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CR, Fasting, Intervallfasten 18/6, ketogenesis

= Glucose = Free Fatty Acids -~ BHB

Impact of one-day fasting, ketogenic diet or exogenous ketones
on control of energy balance in healthy participants

METHODS

randomized cross-over trial

AR R

intake: 100 % 100 % 105.5 %

i

= fat CIprotein EXICHO Wl fiber -lmuno
\ 24 h- hmrventlon each

“'v;ﬁ‘ m-]':"

L whole room indirect calorimeter

OUTCOME

-
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]

appetite score IAUC [ x 15 b}

-
=
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total ketones JAUC [mM x 15 h)
-

CELE SHE S

CONCLUSION A 24h-ketogenic diet may contribute to maintain a neutral

BB | crergy balance by increasing energy expenditure. Exogenous ketones in
addition to an isocaloric diet did not improve regulation of energy balance.




Fasting or Fasting mimetics?
Fasting mimetics ~—

= Secondary plant ingreM

= Ketogenic diet | |
= Cold therapy/ Sauna /

" Fasting mimicking Die \

= Sport (endurance) Fasting mimetics

= Metformin I

Autophagy «

/

Fasting mimetics

Ly e asuweetsy ) oy D stmatens D SELISNE




Aging, longevity , big business, science
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Case study: comparing Fasting and a
Fasting mimetic sirt-food shot: Microbiota,
epigenetics

Iesvndanal Jounul ol .
. Malec whar Sciemces MDM

Five Days Periodic Fasting Elevates Levels of Longevity
Related Christensenella and Sirtuin Expression in Humans

Stephinie Lilja ' Carsna Seoll , Ulrihe Rosmuemer *, Bert Hippe ', Koltwa Dieseba ', Tewidms Dcboelse ¢
Brggridd Hikinger | Junges Kitmig *, Argeeliba Puasiner * and Alesander Haslborger **

STOFF WIRKSTOFF | MENGE /
| 25ML

' Blueberry Extract Anthocyanins/ 40 mg 14mg
@i Anthocyanidin.. 10mg
Broccoli Extract Sulpharapane, 30 mg
— — — Glucoraphin,,
. . Apfel extract Phiorentin, Quercetin., 50 mg
SIRTHCEND SHK Citrus extract Naringin.. 40 mg
\ i Nikotinamid Nikotinamid ribosid 28 mg
I ——— Zinkgluconat Zink 7.5mg
Wasser, Stevia, Erythrit
Buchinger Fasting < 120 kcal/day Active (N. 131) Placebo (n: 30)
n: 22 in Pernegg Monastery Intervention 3 months
Feces, blood spots, before and Feces, Blood spots before, after 1,3 month

After the end, first solid feces

llluminia sequencing, Line 1 methylation bisulfite gPCR, HR-MCA,

RNA, MiRNA RT QPCRi
A.G. Haslberger 2021

180



positive correlation of the abundance of butyrate-producing
Bacteroidetes with Mir125, siRT-1 expression, telomere length
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Buchinger fasting resulted in a rise in the distribution of Proteobacteria,
increased microbiota diversity and a significant increase in
Christensenella

aj um
@ phyl level intestinal microbiota changes at species level
100%
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! 0%
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Figure 4, The dissi ity of the mu i ition of the non-fasting control and fasting group. (a) Bar charts of W s__unspecific_Fusoh = | pecific_L

=

anmgd&mmum*mmmmm%dphymkvdfmmhzhgmdbsh\gm

(b) Major differences between non-fasting and fasting groups at the phylum level. Values are given as the mean abundance

dﬂ—ﬂ()mbzzdmkarﬁnha&mﬂmh zhowing cluster for fasting and non-fasting group at T2
analyzis of {PERMANOVA; p = 0.00004) was applied for the analysiz.

Figure 5. Micobial changes af species level before and after FF. Bar charts of all statishically significant changes of the
sequencing data at species level given in mean relative bacteria abundance in % for the fasting group. Statistical signifi-

A.G. Haslsﬁﬁ@m ing paired t-test for parametzic values and Wilcoxon test for nonparametric values and defined 182




3M sirt inducing drink increased Actinobacteria.

Firmicutes/Bacteroidetes ratio decreased and correlated with BMI. Only
Fasting increased Butyrate significantly
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Figure 7: Amount of SCFAs produced given as area/100g stool for buchinger fasting (A) and SIRTFOOD shot (B)
interventions, Statistical significance between timepoint 1 (T1) and end (T2 or T3) of the intervention was
determined using paired t-test for parametric values and Wilcoxon test for nonparametric values.

Mean relative abundance (%)

Figure 6: Abundance microbiota by phyla for fasting group (A), SIRTFOOD shot (ST1 vs ST3) (8} and placebo group
(PT1 vs PT3) (B). Results are expressed in percentage of the mean of relative abundance for the different phyla.
Statistical significance between timepoint 1 (T1) and end (T2 or T3) of the intervention was determined using paired

Mean relative abundance (%)
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t-test for parametric values and Wilcoxon test for nonparametric values.
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STUDY SENOLYTICS, SENESCENCE
MARKERS IN BRDU TREATED PRE-

ADIPOCYTES, ADIPOCYTES, 3T3

Hindaw|

Research Article

Epigallocatechin Gallate Effectively Affects Senescence and Anti- St Cells. Mothor Manuscript, avaflable in PMC-2015:009 10

Published i final edited form as

SASP via SIRT3 in 3T3-L1 Preadipocytes in Comparison with R B T ey
Other Bioactive Substances Stem Cells, 2008 Dac, 26(12). 3218-3227.
Published online 2008 Sep 18. do: 10.1634/stemeells 2008-0299
Stephanie Lilja," Julia Oldenburg,' Angelika Pointner,' Laura Dewald,' Mariam Lerch,' Bromodeoxyuridine Induces Senescence

Berit Hippe,” Olivier Switzeny,” and Alexander Haslberger '

B-Gal, senescence

e
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Ayurvedic Spermidine Bluezones®

BLUEZONES™ RESVERATROL

Adipocytes,

Phloretin, BHB, Butyrate (Merck)
fat droplets
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CR, fasting mimetics, senolytics

Spermidine
1 Aspirin
Polyphenols
Resveratrol
Catechins [EGCS)
Corsumin
Apgenan
Quaercetin
Sdymarin
toac
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Rapamycin
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Figure 20. The downstream effects of CR mimetics and nutraceuticals on key aging mediators AMPK
and SIRTI [177].



Examples,
Resveratrol

o
O @ ; emeret
=

RESVERATROL mm

’ Resveratrol

= & - | 1 .1 .
i v |
SIRTY AMPK 0K b g3t \ -
, i ek ) 12
Resveratrol < I NL
Anti-aging NG N Anti-cancer

Resveratrol is a stilbenoid, a type of natural phenol,
and a phytoalexin produced by several plants in

to inj hen the plant is under attack b . . .
;:ﬁzgzs"s'ﬂf L jrif:gi'_ssgr::ofc ’ Previous studies have demonstrated that resveratrol is well-
resveratrol in food include the skin of grapes, absorbed following oral administration, with ~75% of the dose

blueberries, raspberries, mulberries, and peanuts. absorbed. Following absorption, resveratrol undergoes rapid and
Wikipedia extensive metabolism leading to low bioavailability



Resveratrol
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Resveratrol
polyphenols

1 Global DNA 5-mC
4 Inflammation

57 Transeriptionsifactor

=

8 g%

u\l

WAl
o

CIIRIBAAX
e mY‘m-J_.' '\

M

St

J Oxidative stress

uopdajoidoinau

S30949 |e1dyauaq

8uiedenuy

trans-RSV concentration (ug/mL)

-

0 2 4 6 8 3 5 46 4 2o
Time (day) Time (h)
2 s T pH 10.0
15 15
; ® ¢ o 0
o T T o + 1 : ._a_a
0 8 12 18 24 0 4 8 12
Time (min) Time (min)

AT AV, o's & ¢
Lo ¢ ‘[}\‘-J,"'__} ¥ N . se
i o S S i@ vy
b4l o _e9¢
‘Lﬁ:. tfj‘?ﬁ,gfp N v
k‘g’m‘- ' Neooemuhbos
Lipescane
"
Rewveratml
mu" / on
Kl"",,,'.' 'Ju o ’
E N2
D =
R g : /ﬁz_/‘( r_(fs
v.~'. '.‘ ‘\“T
o 3 Naropertiches Den ‘(‘&ﬁﬁ

Novel food ?!



Green tea extract, EGCG, Catechines
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Epigallocatechin gallate

Epigallocatechin gallate, also known as
epigallocatechin-3-gallate, is the ester of
epigallocatechin and gallic acid, and is a type of
catechin. EGCG — the most abundant catechin in tea
— is a polyphenol under basic research for its potential
to affect human health and disease. Wikipedia
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EGCG
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EGCG |l

FFHD

Functional Foods in Health and Dlsesse

The green tea polyphenol EGCG is differentially associated
with telomeric regulation in normal human fibroblasts versus
cancer cells

Angelika Pointner’, Christine Molzer', Ulrich Magnet®, Katjs Zappe'', Berit Mippe', Anels
Tosevska'’, Elena Tomeva', Elisabeth Dum®, Stephanie Lija’, Ulrike Krammer®, Alexander

Research Article
EGCG Prevents High Fat Diet-Induced Changes in Gut

Microbiota, Decreases of DNA Strand Breaks, and Changes
in Expression and DNA Methylation of Dnmtl

b and MLH1 in C57BL/6J Male Mice
Marlene Remely,' Franziska Ferk,” Sonja Sterneder,' Tahereh Setayesh,”
Sylvia Roth,' Tatjana Kepcija,' Rahil Noorizadeh,” Irene Rebhan,' Martina Greunz,'
Johanna Beckmann,' Karl-Heinz Wagner,' Siegfried Knasmiiller,’
and Alexander G. Haslberger'
Piperine enhances the bioavailability of the tea
: polyphenol (-)-epigallocatechin-3-gallate in mice
Research Article R e o A e i
Epigallocatechin Gallate Effectively Affects Senescence and Anti- I iastis
SASP via SIRT3 in 3T3-L1 Preadipocytes in Comparison with
. i Abstract
Other Bioactive Substances O B o s R o et o i i s i
chemopreverntn'e activty in arvma models of carc nogencas Frevo , We repor ted the
binavailabilty of EGCG in rats [1.0%; and mice (26 5% Heve, we report that cotreatment with a

Stephanie Lilja,' Julia Oldenburg,' Angelika Pointner,' Laura Dewald,' Mariam Lerch,’
Berit Hippe,” Olivier Switzeny,” and Alexander Haslberger ('

“~

e}, enhanced the ticavadalality

dministration of 163 3 micromolfag EGCG and 702 mikromolig pi

wio

1.5-fold compared ¢

mating



Egcg Effectively reduce Senescence (p21) and SASP
EGCG, spermidine, resveratrol, anthocyans stimulate SIRT3
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Gallic acid
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Gallic acid <

Gallic acid is a trihydroxybenzoic acid with the formula
CeH:(OH):CO:H. It is classified as a phenolic acid. It is
found in gallnuts, sumac, witch hazel, tea leaves, oak
bark, and other plants. It is a white solid, although
samples are typically brown owing to partial oxidation.
Wikipedia

Gallic acid, a common dietary phenolic protects against high fat diet

induced DNA damage

Tahereh Setayesh' - Armen Nersesyan' - Miroslav Misik' - Rahil Noorizadeh'? - Elisabeth Haslinger’ -
Tahereh Javaheri?? - Elisabeth Lang' - Michael Grusch' - Wolfgang Huber' - Alexander Haslberger* -
Siegfried Knasmiiller’

Oxidative stress  [Or

Anti-melznogensse

Anli-anglogenasis
Antnflammatory
Anti-mutation

Dyslipidemia ! '
Hepatosteatosis '
Ly
COCH
Food ,'
preaervatives >————d
HO OH
Launt galale
Propyl galate OH
Octyl gakae Gallic acid
Tetradacyl gallate
Hexadecy! gallate
Antitungal, Anti-cancer
Antichloasma Lauryt gallane
Octyl galate

Fiaure 2. Important uses of aallic acid and its ester derivatives.

Oral treatment

n-Propyt gatats
Matyl gatate
Ewvyl gatlats
Butyl gallate

Anti-H5N!
Anti-uicer
Anti-oxidant
Anti-acnhe
Anti-HBY

Allergon deactivator,
treatment of fatty liver
and diabetes




Astaxanthin
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Astaxanthin <

Chemical compound

Astaxanthin is a keto-carotenoid with various uses
including dietary supplement and food dye. It belongs
to a larger class of chemical compounds known as
terpenes built from five carbon precursors,
isopentenyl diphosphate, and dimethylallyl
diphosphate. Wikipedia

Astaxanthin ist ein natlrlicher, orangeroter Farbstoff. Er zahlt zu den
Carotinoiden, genauer gesagt zu den sauerstoffhaltigen Xanthophyllen.
Das sind farbige Inhaltsstoffe bestimmter Pflanzen. Es wurde friher
auch als Hdmatochrom bezeichnet (von altgriechisch , haima“ fir ,,Blut”
und ,,chroma“ fiir ,Farbe”). Die Substanz wird hauptsachlich von
Mikroalgen wie der Blutregenalge (Haematococcus pluvialis), aber auch
der roten Hefe Phaffia rhodozyma und dem Bakterium Paracoccus
carotinifaciens gebildet.1

Astaxanthin dient der Alge als natlrlicher UV-Schutz und als Molekdil
zur Nahrstoffbindung: Um unter schwierigen Umweltbedingungen wie
starker Sonneneinstrahlung, Wasser- oder Sauerstoffmangel zu
uberleben, stellt sie ihre Stoffwechselvorgange ein und bildet zum
Schutz eine blutrote Zyste, deren Pigmente aus Astaxanthin bestehen.2

Das Carotinoid ist jedoch nicht nur im Plankton enthalten, sondern
gelangt Uber die Nahrungskette in das Tierreich. Wassertiere wie Lachs,
Garnelen, Forellen, Krill oder Krebse, aber auch Flamingos fressen die
Mikroalge. Sie erhalten durch Astaxanthin ihre rotliche Farbung und
schitzen sich damit ebenfalls vor den schadlichen Auswirkungen von
UV-Licht und aggressiven Sauerstoffradikalen.3 Der Nahrstoff ist auch
ein wichtiger Zusatz in Futtermitteln und hilft bei der gesunden
Aufzucht von Jungfischen.4
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Quercetin <

Quercetin is a plant flavonol from the flavonoid group
of polyphenols. It is found in many fruits, vegetables,
leaves, seeds, and grains; capers, red onions and
kale are common foods containing appreciable
amounts of quercetin. Wikipedia

Quercetin Benefits

Anti-inflammatory and Immune Boosting
Research has shown that quercetin displays anti-inflammatory and immune
strengthening capabiliies. One study even shows how quercetin was able to
mifigate the inflammatory responses stinmlated by the popular food additive

carrageenan. Quercetin was also shown to be able to decrease the clinical
indicators of arthntis.

Additional Information

Possible Cancer fighting properties
Studies have shown that quercetin wasable to restrain the growth of cancer
and as such prevent the proliferation of cancer cells espedally asitrelates to
certain fypes of cancers — colorectal, ovarian and breast cancer cells.

Cardiovascular Health
Research shows that quercetin was able to reduce some of the major risks
factors of heart disease such as high blood pressure, oxidative stress and
inflammation.

Anti-viral properties
Studies have shown that quercetin was effective in the prevention of viral or
respiratery conditions as well as well as fight against viruses such as herpes
and paminfluenza type 3.

Asthma

Research shows that quercetin is able to reduce inflammatory cells of the
immune system as well as decrease the histamine levels which thenhelps to
smooth the muscles of the airways and helps with breathing.

Almondsandolivez_com
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P h | O r e t I n Tabelle 1. Potenzielle chemopriventive Aktivititen der Apfelsaftextrakte A und B*

Extrakt A Extrakt B
Mechanismen in der Initiationsphase
DPPH-Radikalfangereigenschaften (ICy;)° 8.7 pg/ml 10.5 pg/ml
OH O 2 Peroxyl-Radikalfangereigenschaften (ORACROO)(Einheiten)? 24 19
~ oH s | e [ Superoxid Anion Radikalfangereigenschaften (IC,) 17.1 pg/ml 25.8 pg/ml
| Hemmung der Cyp1A Aktivitat (IC,)° 1.5 pg/ml 4.3 pg/ml
HOOHE I ) More images e o B i
. Hemmung der Hepaicic7-Zellproliferation (IC,,) >200 pg/ml >200 pg/ml
P h I O ret I n < Anti-Tumorpromovierende Mechanismen
Hemmung der Aromatase Aktivitat (IC,,) 5.9 pg/ml 5.0 pg/ml
Hemmung der Cox-1-Aktivitat (% Hemmung bei 400 pg/ml) 62 74
Phloretin is a dihydrochalcone, a type of natural Anti-proliferative Mechanismen
phenol. It can be found in apple tree leaves and the :2'3;ZUSE::;,Z?:'Z:EE'?E:;" pumanen g e

Manchurian apricot. Wikipedia
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N
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Zusammenfassend lasst sich sagen, dass sowohl durch

naturtriiben Apfelsaft als auch

durch Apfelsaftextrakt im ApcMin/+ Maus
Modell eine Verminderung der Anzahl an
Adenomen im Dinndarm festgestellt werden

konnte
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Assessment of human inter-individual variability of
phloretin metabolites in urine after apple
consumption. AppleCOR studyf

R) Check for updates

Cite this: DO# 10 1039/d5f0029652

: This study aimed to assess the inter-individual variation in
phloretin absorption and metabolism

and to seek possible phloretin metabotypes following apple
snack consumption. Methods: The excreted

phloretin metabolites in 24 h urine samples were determined

by UPLC-MS/MS in 62 volunteers after

acute and sustained (6 weeks) interventions in a randomized
and parallel study with a daily supplementation of 80 g of a
low-phloretin (39.5 umol) or a high-phloretin (103 pmol)
freeze-dried apple snacks

extensive interindividual variability exists in the
excretion of phloretin phase-Il conjugates
following consumption of

apple snacks, which could be related to oral
microbiota phloridzin-hydrolysing activity, lactase
non-persistence trait or the metabotype to
which the subject belongs. There were
inconsistent effects on postprandial serum
glucose concentrations but there was a tendency
for decreases to be associated with

higher excretion of phloretin phase-Il conjugates.



Fisetin
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Fisetin is a plant flavonol from the flavonoid group of glutathione w’:;'m

polyphenols. It can be found in many plants, where it Reduction in
serves as a yellow/ochre colouring agent. It is also behavioral deficits

found in many fruits and vegetables, such as et Ko
strawberries, apples, persimmons, onions and
cucumbers. Wikipedia



Ccurcumin

=

T o |

TURMERK
CURCUMIN

15 pem
<

Curcumin

Chemical compound

Curcumin is a bright yellow chemical produced by
plants of the Curcuma longa species. It is the principal
curcuminoid of turmeric, 2 member of the ginger
family, Zingiberaceae. It is sold as an herbal
supplement, cosmetics ingredient, food flavoring, and
food coloring. Wikipedia

Biological Effects of Turmeric/Curcumin

Enhance Anti- inflammatory
wound healing o ,
\ / Anti-oxidant activity
Immunomodulatory

Turmenic/ Curcumin | = Anti- mutagenic
Prevents IRl/ g—

Neuroprotection
_ \Anti-metastatic
Anti- viral
Anti-fungal
Anti-bacteria Anti- angiogenic



Berberin, Berberitze

Cyclin Cell signaling pathways VEGF/EGFR
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Inhibition of Apoptosis Inhibition of
invasion induction proliferation

Berberine (Berberin) <

Cell cycle arrest

Berberine is a quaternary ammonium salt from the
protoberberine group of benzylisoquinoline alkaloids
found in such plants as Berberis, such as Berberis
vulgaris, Berberis aristata, Mahonia aquifolium, ...
Wikipedia



Anthocyans

Anthocyanin <

Chemical compound

Anthocyanins are water-soluble vacuolar pigments
that, depending on their pH, may appear red, purple,
blue, or black. In 1835, the German pharmacist
Ludwig Clamor Marquart gave the name Anthokyan to
a chemical compound that gives flowers a blue color
for the first time in his treatise “Die Farben der
Blithen". Wikipedia

HEALTH BENEFITS OF &y
anthocy

* boost immune system
* improve brain functions

* prevent cancer development

¢ anti-inflammatory

* protect from diseases

e fight viruses

* balance blood sugar

* maintain healthy weight
* fight free radicals

* support heart health

anins

= antioxidants that give plants
their rich purple, blue or red color

SOURCES:

* elderberry

¢ black mulberry

® acai berry

* cranberry

* goji berry

® black raspberry

* blackberry

¢ blueberry

* red onion

¢ red cabbage

* red beans

* black rice

* pomegranate

* grape seed extract §
. ...and more! §
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Spermidine (Spermidin) <

Chemical compound

Spermidine is a polyamine compound found in
ribosomes and living tissues and having various
metabolic functions within organisms. It was originally
isolated from semen. Wikipedia

Improved Diastolic
Function

Slowing Cardiac
Hypertrophy

Increased Nitric
Oxide Levels

Increased Left-
Ventricular Elasticity

Improved
Mitochondrial
Function

Upregulated
Autophagy




Spermidin mechanisms

CK2/MAPK

Spermidine
]elFSAI EP300|———
Agt] A aTAT]
TFEB @ tubulin  tubulin
HAT l \ / proliferation
PN differentiation
T histone histone senescence SIRT1/PGC-1a,
inflammatory ‘Autophagy apoptosis insulin/ IGF
cytokines I neCrosis AMPK-FOXO3a,
(ROS. NF-xB
IL-1B, IL-18) adipogencsis
lipid profile
lipogenic genes
lipid accumulation
l increased by spermidine l decreased by spermidine
| promoting function J_ inhibiting function
regulating function protein acetylation

Molecular and cellular mechanisms of spermidine in age-related diseas
es. Spermidine is an inducer of autophagy, which is the main mechanis
m of anti-aging. First, spermidine triggers autophagy by modulating th
e expressions of Atg genes. Second, it regulates transcription factor elF
5A to promote the synthesis of transcription factor TFEB. Third, sperm
idine inhibits EP300, which directly promotes the acetylation of Atg ge
nes and indirectly stimulates deacetylation of tubulin due to inhibitio
n of aTAT1. Besides, spermidine exerts potent anti-inflammatory roles b
y suppressing of multiple inflammatory cytokines, such as ROS, NF-kB,
IL-1B and IL-18. Moreover, it is involved in regulation of cell proliferatio
n, differentiation, senescence, apoptosis and necrosis, ultimately pro
moting cell growth and inhibiting cell death.

As an anti-aging agent, spermidine suppresses histone acetylation. Mor
eover, spermidine regulates lipid metabolism. On the one hand, it prom
otes the differentiation of preadipocytes into mature adipocytes. On th
e other hand, it alters lipid profile, modulates lipogenic gene expression
s, and represses lipid accumulation. Furthermore, spermidine can delay
aging through specific signaling pathways, such as SIRT1/PGC-1a, insuli
n/ IGF, AMPK-FOX0O3a, and CK2/MAPK signaling pathways.



Fishoil, EPA, DHA

Fish oil <

Fish oil is oil derived from the tissues of oily fish. Fish
oils contain the omega-3 fatty acids eicosapentaenoic
acid and docosahexaenoic acid, precursors of certain
eicosanoids that are known to reduce inflammation in
the body and improve hypertriglyceridemia. Wikipedia
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Conclusion

. Ouitel&wambéguirypersistsabocnatmeplaoeformarinem%toprevemIR

FIShOI | | | * In healthy humans, 1.8 g/d modestly increase insulin sensitivity
* But 850 mg/d aggravate dexamethasone-induced IR

* The most recent and complete meta-analysis conclude to their preventive effect
towards IR

* 4 Meta-analysis conclude to a protective effect in Asian but potentially deleterious in
Westem populations towards the risk of T2D, probably due to the heterogeneity of

westem studies and a high n-6/n-3 ratio in westermn populations

Marine w3 are certainly useful useful if given early and throughout life cycle, probably
at least > 1g/d in adults AND in combination with exercise and maintenance of
normal weight.
Personalized dosage should also be considered. which requires further studies
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Discussed activities of nutraceuticals along the
hallmarks of aging, facts, hypothesis, fiction ?

Anti oxydative Epigenetic active
inflammation neuroinflammation
Telomers Mitochondria
Autophagy Apoptose
Senolytic DNa repair
Immune senescence Nuro infl

Anti bacterial Anti viral

AGING




ROS and antioxydative activities




Antioxydants

Antioxidant Solubility | Concentration in human serum (4M) | Concentration in liver tissue (Hmeol/kg)
Ascorbic acid (vitamin C) | Water 50—600°°1 260 (human)®4
Glutathione Water 4159] 6,400 (human)®4!
Lipoic acid Water 0.1-0.708] 4-5 (rat)l°’]
Uric acid Water 200-400[8 1,600 (human)i4!

B-carotene: 0.5-11°]

Carotenes Lipid _ o 5 (human, total carotenoids)(®1]
retinol (vitamin A): 1-3(67I
a-Tocopherol (vitamin E) |  Lipid 10—40(60! 50 (human)®¥!
Ubiquinol (coenzyme Q) |  Lipid 5162] 200 (human)®°!
Superoxide Peroxidases
B dismutase catalase
0, — -0; » H,0, » H,0
Oxygen Superoxide Hydrogen Water
peroxide

Enzymatic pathway for detoxification of reactive oxygen species



Ros, stress impairs all mechanisms of the
epigenetic machinery - > aging
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Stress and Mitormesis

Effect

Positive effect Negative effect

Dose

Hormetic
response

Classical toxin
linear response

ECG and EGCG are considered antioxidants, which means they
counteract or prevent oxidative stress in the body caused by
aggressive free radicals of oxygen,” said senior co-author Professor
Michael Ristow, a researcher in the Department of Health Sciences
and Technology at ETH Zurich and the Department of Human
Nutrition at the Friedrich Schiller University Jena, and his colleagues.
“Until now, it was assumed that these catechins neutralize free
radicals and thus prevent damage to cells or DNA.”

“One source of oxygen free radicals is metabolism; for example, when
the mitochondria — the powerhouses of the cell — are working to
produce energy.”

“We took a closer look at how catechins act in the nematode

worm Caenorhabditis elegans and came to a different, seemingly
paradoxical conclusion: rather than suppressing oxidative stress,
green tea catechins promote it.”

In their experiments, the researchers found that applying the green
tea catechins EGCG and ECG at a low dose extends the lifespan

of Caenorhabditis elegans.

The long-term effects also included reduced fat content in the
nematodes after 5 days of catechin treatment.

“ECG and EGCG initially increase oxidative stress in the short term,
but that this has the subsequent effect of increasing the defensive
capabilities of the cells and the organism,” they explained.



Antioxydants, mithormesis
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Abstract

Antioxidants have the ability to scavenge free radicals in the human body and have
Stressor

been suggested to contribute to the protective effect of plant-based foods on
diseases such as cardiovascular disease (CVD), cancer, and type 2 diabetes. However,

- evidence from supplementation studies using various antioxidants, including

vitamin C, vitamin E, carotencids, zinc, or selenium, does not support the Figure 11, Mithormesis Theoretical curve showing how low doses of a stressor
hypothesis that antioxidants decrease risk of these diseases. Intervention studies £ =

highlight a lack of information on the safety of sustained intakes of moderate to may have beneficial effects by activating intracellular stress response pathways. If
high doses of micronutrient supplements and suggest that long-term harm cannot the stressor exceeds the cnpacity of the stress response system 1o maintain homeo-

be ruled out, particularly in smokers.

stasis, then deleterious phenotypes are observed.



Novel foods, functional foods and epigenetics
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Figure 4. Polyphenols address all epigenetic mechanisms.
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DNA, CpG methylation
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Best marker for aging: The epigenetic clock (Horvath)
evaluates the biological age, accelerated or decelerated,
healthy aging ( CpG methylation of 100s of genes )

Epigenetic Clock

T I T T

Age-related disease (e.g., CVD) Healthy aging
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Effects on histones, chromation

Genistein Curcumin EGCG
- : (soybeans) | (curry) (green tea) | . \.\
o | | e«
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Resveratrol Sulforaphane  Selenium Curcumin Genistein  Allyl Mercaptan
(grapes) (broccoli)  (Brazilian nut)  (curry) (soybeans) (garlic)

Figure 6. Effects of epigenetic active plant ingredients on histones, chromatin,
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Sirtuins

Sirtfood Major Sirtuin-Activating
T SIRTUIN HISTONE TARGETS
Bird's-eye chill Lutcolin, Myricetin
Buckwheat Rutin IRT
Capers Kaempferol, Quercetin
Celery, including its leaves Apigenin, Luteolin
Cocoa Epicatechin
Coffee Cafeic acid, Chlorogenic acid
Extra virgin olive oil Oleuropetn, Hydroxytyrosol
Green fea (especially matcha groen tea) Epicgallocatechin gallate (EGCG)
Kale Kaempferol, Quercetin
Lovage Quercetin
Medjool dutes Gallic scid, Caffeic acid
Parsiey Apigeain, Myrioeta Racterns Infec hon
Related Genet
Red chicory Luteolin I | ‘
Red onion Quersetin e
e e E ¢y ﬁ
Rocket Quercetin, Kacmpferol TS ’
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Figure 8. Sirtuins and NAD
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Increased Sirtuin expression, senescence regulating miRNAs,
mtDNA, and bifidobacteria correlate with wellbeing and skin
appearance after Sirtuin- activating drink

Stephanie Lilja, Hanna Biick, Carinna Stoll, Anna Mayer, Angelika Pointner, Berit Hippe, Ulrike

Krammer, Alexander G, Haslberger”



Epigenetic miRNAs: food borne, marker
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Figure 9. Polyphenols and ncRNAs
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Epigenetics regulates aging mechanisms involved in
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.S./inflammation, senescence and DNA-repair

2024 . = AG Haslberger

220



Polyphenols and Inflammation mechanisms
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Polyphenol effects inflammation:
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Polyphenols and NRF2

The nuclear factor erythroid 2—related factor 2 (Nrf2) is an emerging regulator of cellular resistance to
oxidants. Nrf2 controls the basal and induced expression of an array of antioxidant response element—
dependent genes to regulate the physiological and pathophysiological outcomes of oxidant exposure.
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Figure 3

Nrf2 and oxidant-stimulated programmatic functions. (@) Autophagy. (b) Inflammasome activation. (c)
Endoplasmic reticulum (ER) stress and unfolded protein response (UPR). (d ) Mitochondrial redox signaling.
Abbreviations: GPx, glutathione peroxidase; Keap1, Kelch-like ECH-associated protein 1; Maf,
musculoaponeurotic fibrosarcoma protein; Nrf2, nuclear factor erythroid 2-related factor 2; PERK, protein
kinase RNA-like endoplasmic reticulum kinase; Prx, peroxiredoxin; ROS, reactive oxygen species; Srx,

sulfiredoxin; Trx, thioredoxin; TrxR, thioredoxin reductase.
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Figure 1. Microglial cells respond differently depending upon type and intensity of activation
signals. [17].



Polyphenols, spermidin and microglia
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Spermidine mechanisms

Spermidine
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Molecular and cellular mechanisms of spermidine in age-related diseases
. Spermidine is an inducer of autophagy, which is the main mechanism of
anti-aging. First, spermidine triggers autophagy by modulating the expre
ssions of Atg genes. Second, it regulates transcription factor elF5A to pr

omote the synthesis of transcription factor TFEB. Third, spermidine inhi

bits EP300, which directly promotes the acetylation of Atg genes and in

directly stimulates deacetylation of tubulin due to inhibition of aTAT1. B
esides, spermidine exerts potent anti-inflammatory roles by suppressing

of multiple inflammatory cytokines, such as ROS, NF-kB, IL-18 and IL-18
. Moreover, it is involved in regulation of cell proliferation, differentiatio

n, senescence, apoptosis and necrosis, ultimately promoting cell growth

and inhibiting cell death.

As an anti-aging agent, spermidine suppresses histone acetylation. More

over, spermidine regulates lipid metabolism. On the one hand, it promot

es the differentiation of preadipocytes into mature adipocytes. On the ot
her hand, it alters lipid profile, modulates lipogenic gene expressions, an

d represses lipid accumulation. Furthermore, spermidine can delay aging
through specific signaling pathways, such as SIRT1/PGC-1a, insulin/ IGF, A
MPK-FOX03a, and CK2/MAPK signaling pathways.



Polyphenols and mitochondria, the oldest theory of aging
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Mitochondria directed EGCG protects from H202 induced cell apoptosis
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Telomer attrition
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Telomers, telomerase
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Polyphenols in the regulation of telomerase,
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Anti-aging agents Sources Positive efficacy Ref.
Cycloastragenol (TA-65)  Astragalus membranaceus Telomeraseactivator [5, 41]
GRN510 GRN665/TAT2 Telomerase activator [18]
AGS-500 Synthetic triaryl compounds Telomerase activator [34]
Genistein Soy bean Telomerase activator [4]
Centella asiatica extract Centella asiatica Telomerase activator [36]
Maslinic acid Olive-pomace oil Telomerase activator [36]
Resveratrol Natural phenol SIRT1 activator [6, 20]
NAD Coenzyne SIRT1 activator [16]
1,4-Dihydropyridincs Pyridine derivatives SIRT1 activator (24, 38]
Ginsenosides Natural triterpene saponins SIRT1 activator (33]
Melatonin Hormon SIRT1 activator [14]
Navitoclax Synthetic compound Senolytics via Bcl2/Bcl-xL [21]
Dasatinib+Quercetin Synthetic compound+ Natural flavonol  Senolytics via p53/p21, tyrosinase kinase [16]
Fisetin Natural polyphenol Senolytics via PI3K/Akt [40]
17-DMAG Synthetic compound Senolytics via HSP90 [14]
Gal-duocamycin Substrate of SA--galactosidase Senolytics via SA-[P-galactosidase (13]
SSK1 Substrate of SA-PB-galactosidase Senolytics via SA-P-galactosidase [13]
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Figure 12. Mechanism of EGCG-induced apoptosis in cancer cells through epigenetic regulation of te-
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Apoptosis, p53 and polyphenols
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Green Tea Polyphenols Induce p53-Dependent and p53-
Independent Apoptosis in Prostate Cancer Cells through
Two Distinct Mechanisms
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Senescence and polyphenols
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Figure 16. Clearance of senescent cells and therapeutic options, Cellular senescence is more than an
anti-proliferative program. Senescent cells secrete factors that constitute the senescence-associated se-
cretory phenotype (SASP). Cellular senescence is followed by senescent cell clearance within those
processes that are considered beneficial. However, if the elimination of senescent cells does not occur,
senescent cells accumulate and can lead to cancer and aging, Different therapeutic strategies (in red)
can be used to exploit the beneficial aspects of cellular senescence and repress the negative ones [150].
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Polyphenols and senescence

Review
Natural Polyphenols Targeting Senescence: A Novel
Prevention and Therapy Strategy for Cancer
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Abstract: Cancer is one of the most serious diseases endangering human health. In view of the side
effects caused by chemotherapy and radiotherapy, it is necessary to develop low-toxic anti-cancer
compounds. Polyphenols are natural compounds with anti-cancer properties and their application is
a considerable choice. Pro-senescence therapy is a recently proposed anti-cancer strategy and has been
shown to effectively inhibit cancer. It is of great significance to clarify the mechanisms of polyphenols
on tumor suppression by inducing senescence. In this review, we delineated the characteristics of

f

f "/953 or DLC1 aeﬁvadon\‘
' Resveratrol || '

Figure 2. Potential functions of resveratrol in anti-tumor therapy. Resveratrol inhibit tumor microenvironment
for cancer prevention, reduce drug/radiation resistance and induce cancer cell senescence for cancer therapy.
SASP, senescence-associated secretory phenotype; DLCI, deleted in liver cancerl; ROS, reactive oxygen species.



Senolytics between rejuvention of tissues and
cancer prevention

Table 1. Polyphenols and polyphenol derivatives as cancer cell senescence inducers and their effect

Classification Compounds Concentration Pathways
25550 (uM) pPS3CXCR2
50 (M) BRCAI/DDR
30 (uM) ROS/DDR
Resveratrol 100 (uM) ROS/DLC1/SASP
Resveratrol and
its derivatives /20 (uM) Histone H2B
100 (M) Pokemon
25/50 (uM) SIRT!
50 (M) Rictor/RhoA-GTPase
Prerostilbene 25/5/50 (uM) hTERT/DDR
Paucifiorol B 10 (M) pl6/Rb
33’ 4,4'-tetrahydroxy-trans-stilbene 10/30/100 (M) ROS DDR
) RAS/MAPK/ERK
Quercetin 50/100/200 (M) PI3K/AKT
Beta-naphthoflavone 10 (M) mx”‘m s
5 = DEPP/RAS/Raf/MEK/ERK
Beicalin 10720/40 (M) DEPPjp1&/Rb
1dB 1016 632/126.5 (ug/ml) HER Zinen
ps3
o ROS
Diosmin 510 )
Flavonoids e DDR
ROS/RNS
Apigenin Above 25 (M) plé/cyclin D1/p-Rb
p2ljcyclin E/p-Rb
Coumestrol 50 (uM) CKIVROS/p33/p21
Rotenone 0.4 (uM) Ca**/ROS
Epigallocatechin gallate 10 (M) DDR
Oroxin A 5/10/15/20 (uM) P3S/ER stress
Cristacarpin 1 (uM) P3S/ER stress/ROS/p21
Flavokawain B 3 (ug/mL) ATF4/DDIT3/TRIB/AKT/mTOR

, Telomere shortening

Oncogene
Oxidative stress

Proinflammatory
molecules
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Immuno senescence and nutraceuticals
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Figure 13. Nutraceuticals-Based Immunotherapeutic Concepts and Opportunities for the Mitigation of

Cellular Senescence and Aging
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EGCG enhances murine health span
by mitigating multiple aspects of
cellular senescence in mitotic and
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Effect of EGCG consumption on innate immune functions.
Animals were divided into four control groups and four EGCG
fed groups, and one group each from control and EGCG
groups was sacrificed after every 4 months of feeding till 18
months of animal age. Plasma levels of (A) IL-1B (B) TNF-a.
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Fig. 7. Effect of EGCG consumption on splenic T cell proliferation and
activation. Animals were divided into four control groups and four EGCG
fed groups, and one group each from control and EGCG groups was
sacrificed after every 4 months of feeding till 18 months of animal age.
Abundance of (A) CD3+ cells (B) CD4/CD8 ratio (C) NK cells.



Aging DNA-damage response, DNA-
repair, Epigenetics, Polyphenols
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MGMT and MLH1 DNA repair enymes and promotor methylation, EGCG
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Epigenetics regulates DNA repair
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Mouse study: EGCG reduced high fat diet
induced strandbreaks, DNmt1, comet assay
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Microbiota, Decreases of DNA Strand Breaks, and Changes . :
in Expression and DNA Methylation of Dnmt1 i iR e
and MLH1 in C57BL/6J Male Mice S roadt Dl WY LD 7o Joeds PO Sach g, oo e v o o CHs e vl et e ) 0T
S, U0 & tuagh tar it v €11 o FUOG oo st o o TG, 11FD) + FCKS = bagh ot dter s PG Mars ity mgniticasss
“ prrakan s L0800
Marlene Remely,' Franziska Ferk,” Sonja Sterneder,' Tahereh Setayesh,’
Sylvia Roth,’ Tatjana Kepcija,' Rahil Noorizadeh,” Irene Rebhan,' Martina Greunz,' 3 i i
Johanna Beckmann,' Karl-Heinz Wagner,' Siegfried Knasmiiller,? £’ - &
and Alexander G. Haslberger' | 3
1 i
| '=
European Journal of Nutrition £ E ¢
https//doLorg/10.1007/500394-018-1782-2 : . 4
i
ORIGINAL CONTRIBUTION 2, ! ‘

@ CressMark

Gallic acid, a common dietary phenolic protects against high fat diet

o -

induced DNA damage Bk g xtrmmn of M1 e 1] 5o CL e s AT e stpssmndel s o 0O
muuxuu.s-.-.umnun Levew brers vegnent 906 Com bt s wtarvale (0 1) - Lot Shet HIFD) - gh A Bt
: | ot @ pha PCCC: HID « BOCG = hagh i et plos FCCG, s oy speaficanr “p vabae n 00, *"p vilee
TaherehSetayesh' Armen Nersesyan' - Miroslav Mi3(k' - Rahll Noorizadeh'” - Elisabeth Haslinger” - <006 6 " et 0008
23 . Ellsabeth Lang' - Michael Grusch' - Wolfgang Huber' - AlexanderHasIberger‘
Slegfried Knasmiiller'

2024 AG Haslberger 247



Aging, ageotypes and prevention

Liver dys-
function (40) _
(C13; CL1; M2; P6; T18)

(C5; CL1; M1; P3; T6)

Figure 21. Ageotypes, personalized aging [186]




Anti bacterial polyphenols
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Antiviral nutraceuticals

Herbs & roots

Fermented products : ¢
Problotics enhance gut bacteria Prevent viral replication,
& gut-lung axis-related enhance anti-influenza virus

IgG and IgA antibodies

respiratory fitness
production & T-cell function

Fish, chicken & meat
Immune defence; peptides
enhance monocytes &
macrophages functions &
prevent infected lung injury

Dairy products
Vitamin D lowers viral
replication, reduce
infection rate & lung
pneumaonia

Antiviral Functional Foods

Fruit and vegetables Coffee
Vitamins & minerals antioxidant

T-cells malfunction

i F

Decreases progeny virus yield,
immune protection of respiratory neutrophil & monocyte chemotaxis,
system. Plant cyclotides prevent lipopolysaccharide & prevent mucosal
response to influenza pathogens

phenolic compounds for

Nuts & seeds Olive OIl
Immuno-protective Prevents respiratory syncytial
virus & influenza A, B,

high-risk groups parainfluenza 1, 2 & 3 viruses




RNA and Corona viruses

£3 e pemn mmm
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Viral miNAL l /‘___ BeRAR2
e il
S
e -
ANVN’WVV‘C\\:"\N Abbrev. Accession Length Base composition

e SARS coronavirus Urbani SARS AY278741 29,727 (0.28, 0.20, 0.21, 0.31)
e Avian infectious bronchitis virus AIBV NC_001451.1 27,608 (0.29, 0.16, 0.22, 0.33)
“Bovine coronavirus BCoV NC_003045.1 31,028 (0.27, 0.15, 0.22, 0.36)
Human coronavirus 229E HCoV NC_002645.1 27,317 (0.27, 0.17, 0.22, 0.35)
Murine hepatitis virus MHV NC_001846 31,357 (0.26, 0.18, 0.24, 0.32)
Porcine epidemic diarrhea virus PEDV NC_003436.1 28,033 (0.25, 0.19, 0.23, 0.33)
Transmissible gastroenteritis virus TGV NC_002306.2 28,586 (0.29, 0.17, 0.21, 0.33)
Rubella virus RUV NC_001545.1 9,755 (0.15, 0.39, 0.31, 0.15)
Equine arteritis virus EAV NC_002532.2 12,704 (0.21, 0.26, 0.26, 0.27)
Rabies virus RV NC_001542.1 11,932 (0.29, 0.22, 0.23, 0.26)
Human immunodeficiency virus 1 HIV-1 NC_001802.1 9,181 (0.36, 0.18, 0.24, 0.22)



S. No. | Molecule Target | Type of Study/ Results Study,
Techniques Used Year,
Reference
I Luteolin SARS- |® Frontal-affinity chromato- |® Luteolin-inhibited SARS-CoV infection in a dose-depen- | Yi et al,
CoV 52 graphy-mass spectrometry dent manner. 2004'"
protein [(® HIV-uc/SARS pseudotype |® ECs, was 10.6 uM. CCsp was 0,155 mM. LDsg in mice was
virus assay 2322 mg/kg
® MTT assay with wild-type
SARS-CoV
2 Quercetin SARS- HIV-luc/SARS pseudotype ECqy of 83.4 uM and CCy of 3.32 mM Yi et al,
CoV §2 | virus assay 2004'"
protein
3 GCG SARS- |® Expression of recombinant |® 91% inhibition by 200 uM. Nguyen et
(gallocatechin | CoV 3CLPro in Pichia pastoris  |® 1Cs, of 47 pM. al, 2012
gallate) 3CLPro and its inhibition, ® Binding energy of —|4 keal/mol
® Molecular docking
4 Quercetin SARS- [® Expression of recombinant |® 80% inhibition at 200 uM. Nguyen et
CoV 3CLPro in Pichia pastoris  |® 1Csq of 23.8 uM al, 2012
3CLPro and its Inhibition, ® Binding energy - 10.2 keal/mol
® Molecular docking
5 EGCG SARS- |® Expression of recombinant |® 85% inhibition ac 200 pM. Nguyen et
CoV 3CLPro in Pichia pastoris  |® 1Cqy of 73 pM al, 2012"*
3CLPro and its inhibition. ® Binding energy —I 1.7 kcal/mol
® Molecular docking
6 Resveratrol MERS- |® MTT assay using vero-E6 |® Found to be effective in the 125-250 pM range on viral | Lin et al,
CoV cell line titre as well as viral RNA amount. 2017'2
NP ® Nucleocapsid protein |® Inhibits caspase 3 cleavage.
staining
7 Hesperetin SARS- Cell free and cell-based 1C¢y of 60 uM in cell free assay, ICg, of 8.3 pM in cell-based | Lin et al,
CoV cleavage assays assay and a CCsp of 2718 pM 2005'%
3CLPro
8 Quercetin ACE2 ® Gene silencing ® Quercetin affected ACEZ expression. Glinsky,
and ® Expression studies ® |n addition, it was found to alter the expression of 98 of | 2020
FURIN |® Transgenic mouse models 332 (30%) genes encoding human proteins that serve as

target for the SARS-CoV-2.




Covid , SARS-2

3 : Okeceptor binding
a SPIKE Mm:'::::)cc
v GLYCOPROTEIN % Quercetta
’: ¢. Genistein
.
s
& @.\'cn Specific anti-viral
“iral protein. ACE2 response
receptor interaction a Vit D
a. Curcumin  Copper . BVitC
::g‘;lfs : Main protease V‘"\
a. Curcumin Gu? %
b. Naringenin |
c.EGCG
d. Quercetin /NN /
Viral RNA
./"’
N o OINspls
- i Endoribonuclease
& e 1 EGCG
b. Curcumin
/’5/ - Q
". o irus neutralization
plasma cell sIgA II Xrevinice
N probiotic strain I

ioficlclclic)

SARS-CoV-2/COVID-19 infection to

7 individuals via ACEZ receptors

YAsymptoma "7 l -

— Suppression of host innate immunity by
virus and Induction of oxidative stress

|

Virus replication in target cells (lung, blood vessels, intestine etc.)

l

Activation of granulocyles, macrophages, monocytes

|

Release of proinflammatory

cytokines/Cytokine Storm (TNF-
a, IL-1, IL-6, IL-8, etc)

Phase 2/inflammatory
stage

f
y fr

— l
Acute inflammation in the lung and
other affected tissues

Activation of HASZ and synthesis
ofHAinthelung

Quercetin,
Allicin,

Curcumin,
In,
Propolis
Probiotics

Cinnamaldehyde,
v,

Piperine

Se

Curcumin

Allicin

VO




Strategies

Targeting cellular Targeting viral RNA-
signaling pathways dependent RNA

polymerase

Blocking Virus . .
Cell Entry Various antiviral
mechanisms
Interfering with e
the endocytic Vaccines
pathway
Blocking polyprotein § .
posttranslational Modglatlon of
processing the immune
defense

Oligonucleotide and  sypplements and
gene therapy nutraceutical



Nutraceuticals, epigenetics and inhibition of

RNA viruses

Schematic prassntation of virus entry and action

Quercetin
Nigelia sativa
Curcumin
Fhloretin

Tea Folyphenols

sgh Frus Fiber Biet

TF inhibits RdRp

EGCG inhibits
structural
proteins

,— TF inhibits spike protein

TF3 inhibits
complex formation

of virus with ACE2
receptor o

EGCG inhibits
complex formation

EGCG and of virus with GRP78 4

TF inhibit

3CLpro Receptor



Conclusions

In conclusion fasting and to some
extend fasting mimetics result in
beneficial modulation of microbiota (
e.g diversity, SCFA, BHP) and
metabolism ( e.g SIRTS, mtDNA,
telomer length )

Microbiota structure seems to
interfere with the expression of
Sirtuins and metabolism relevant
MiRNAs

A.G. Haslberger 2021
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Epigallocatechin Gallate Effectively Affects Senescence and Anti-
SASP via SIRT3 in 3T3-L1 Preadipocytes in Comparison with
Other Bioactive Substances
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The EFSA ANS Panel was asked to provide a scientific opinion on the safety of green tea catechins
from dietary sources including preparations such as food supplements and infusions. Green tea is
produced from the leaves of Camellia sinensis (L.) Kuntze, without fermentation, which prevents
the oxidation of polyphenolic components. Most of the polyphenols in green tea are catechins.
The Panel considered the possible association between the consumption of (-)-epigallocatechin-
3-gallate (EGCG), the most relevant catechin in green tea, and hepatotoxicity. This scientific
opinion is based on published scientific literature, including interventional studies, monographs
and reports by national and international authorities and data received following a public ‘Call for
data’. The mean daily intake of EGCG resulting from the consumption of green tea infusions
ranges from 90 to 300 mg/day while exposure by high-level consumers is estimated to be up to
866 mg EGCG/day, in the adult population in the EU. Food supplements containing green tea
catechins provide a daily dose of EGCG in the range of 5—1,000 mg/day, for adult population. The
Panel concluded that catechins from green tea infusion, prepared in a traditional way, and
reconstituted drinks with an equivalent composition to traditional green tea infusions, are in
general considered to be safe according to the presumption of safety approach provided the
intake corresponds to reported intakes in European Member States. However, rare cases of liver
injury have been reported after consumption of green tea infusions, most probably due to an
idiosyncratic reaction. Based on the available data on the potential adverse effects of green tea
catechins on the liver, the Panel concluded that there is evidence from interventional clinical
trials that intake of doses equal or above 800 mg EGCG/day taken as a food supplement has been
shown to induce a statistically significant increase of serum transaminases in treated subjects
compared to control.



Physiological effects of epigallocatechin-3-gallate
(EGCG) on energy expenditure for prospective fat
oxidation in humans: A systematic review and meta-
analysis

dra P Kapoor ', Masaa

Green tea catechins (GTCs) are known to improve fat oxidation (FOX) during fasted, rested and exercise conditions
wherein epigallocatechin-3-gallate (EGCG) is thought to be the most pharmacologically active and has been studied
extensively. From the available data of randomized controlled trials (RCTs) on EGCG, we carried out a systematic review
and meta-analysis to elucidate whether EGCG consumption indeed increase energy expenditure (EE) and promote FOX. A
systematic review of the literature was conducted using electronic databases (PubMed, Embase, Cochrane Library,
CINAHL, JICST, JSTPLUS, and JMEDPLUS and others) and eight RCTs were included. RCTs were reviewed using Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guidelines and methodological quality was assessed. After
data extraction, results were aggregated using fixed- and random-effect approaches and expressed to quantify the
relationship between the dose of EGCG for respiratory quotient (RQ), EE and rate of FOX to compare the EGCG and
placebo treatments. The meta-analysis results of verities of studies in terms of dose and length of duration revealed that
EGCG supplementation provided significant mean difference (MD) when compared with placebo for RQ [MD: -0.02; 95%
confidence intervals (95% Cl), -0.04 to 0.00; 12=67%; P=.01] and EE [MD: 158.05 kJ/day; 95% Cl, 4.72 to 311.38; 12=0%;
P=.04] in fixed-effect approach. Changes in FOX did not reach the level of statistical significance. Meta-analyses of EGCG
influence on the body mass index, waist circumference and total body fat mass (TBFM) were also examined and their
impact on the promotion of FOX is reported. Effect of EGCG doses was also systematically reviewed. Finding showed that
EGCG intake moderately accelerates EE and reduces RQ. The analyses revealed that the EGCG resulted in difference in RQ
and EE but the effect on the other measures of energy metabolism was relatively mild. Possibly, EGCG alone has the
potential to increase metabolic rate at 300 mg dose. Collectively, the outcome supports the findings that EGCG has an
effect on metabolic parameters. However, the large prospective trials are needed to confirm the findings.



Novel Protein Sources
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Plant based meat: cultured meat
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Proteins from microorganisms , single-cell
proteins (SCPs)




What is single cell protein??

Single cell proteins

* Single-cell protein (SCP) refers
to crude or refined protein of
algal, bacterial, mold, or yeast
origin which is used either as
animal feed or human food.

* The term single cell protein was introduced in the 1960s to describe protein-rich
foods manufactured from yeasts that served as dietary supplements for livestock
and humans.

* The production and utilization of microbial biomass as a source of food proteins
gained particular interest as an alternative source for proteins of agricultural
origin due to its high content of protein.

* Algae as a source of SCP 1s a term which refers to either microscopic single-cell
true algae or prokaryotic cyanobacteria, and their growth is based on use of
carbon dioxide and light energy.

* Quorn is produced from a multi-cellular, filamentous fungus, the term single
cell protein 1s inaccurate and mycoprotein is the preferred name.

* Mycoprotein is a form of single-cell protein, also known as fungal protein
"Protein derived from fungi, especially as produced for human consumption.




Protein ( and other goodies) from algae

Microalgal value chain
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Algae as human food

+ Algae have been used as human food for thousands of years in all parts of the
world.

 The most commonly consumed macro algae mnclude the
I Red algae Porphyra(non, kim, laver)

o L. Asparagopsis taxiformis(lmu)
3. Chondrus crispus(Trish moss)
4. Kelps Laminaria(kombu
5, Palmaria palmata(dulse

6.Macrocystis
7. Undaria( wakame)
G (e algae Caulerpa racemosa —

. Codium



Plant-based proteins

* Made from soy, peas, lentils, wheat,
or other proteins mixed with
ingredients such as oils

* Binding agents such as methylcellulose
may be added

* May be called “meat analogues’,
“veggie burgers”

* Some products have been
formulated to “bleed” like meat

* Impossible™ burger uses genetically
engineered soy leghemoglobin

* Beyond Meat® uses beet juice

Plant-Based Protein Sources
Ity easy to find plant-bosed sources of pectein at the grocery store. Just lock




Microalgae in the food industry
Microalgae such as Chlorella and spirulina have considerable die-
tary potential due to their spectrum of nutrients. They thus be-
came a focus of research as early as 1950 and the first microalgae
were cultivated and marketed on a commercial scale from 1960
~ I I f d [8]. Since then interest in microalgae has steadily increased due to
M I C rOa g a e a S a n Ove OO their adaptability and the number of different constituents which
can be obtained from them [8, 11]. Whereas initially microalgae
were sold mainly as nutritional supplements in the form of pow-

POtentlal and Iegal framework ders, capsules, and tablets, today they are also incorporated into
various products like pasta, smoothies, soft drinks, chocolate, and
TomkeF. Pn'Jser, Peggy G Braun, Claudia Wiacek ice cream [12, 13]. In 2018 the global market volume for microal-

gae products was already USD 9.9 billion and with a projected
annual growth rate of over 7% market volume could reach USD
14.99 billion by 2024 [14]. There are large production plants in

. countries such as Israel, United States, Australia and China. In
Microalgae = : Lrgras
Germany too there are at least 13 plants producing microalgae

Abstract 115].

Microalgae such as Chlorella and spirulina have high dietary potential, | 11¢name “algac” isa collective term for a large

because they contain a large number of nutrients which seem to make polyphyletic group Of living things including sl : . : :
them predestined for use in human nutrition. They are characterised by fast | both plants and bacteria. What they almost all SPI ru ll na is promoted mainly for It.S prot.el n _a nd
growth and enable low-resource production of important nutrients, such | haveincommeon is that they contain chlorophyll vitamin B12 content. Tablets of dried spirulina have
3f ids. : ble t e energy fi . .

asn-3 ‘atty acids ' . @d are thus é?lS? able to produce encré,‘\,’ -rom a vitamin B12 content of 120—240 ug/lOO g,
Alongside a few approved species of microalgae, there are several thousand | light, carbon dioxide and water through oxygen- o) i ) )
microalgae that are not used in human nutrition despite their interesting etic photosynthesis [1]. They differ from mosses althOUgh 83% is in the form of non-bioavailable
nutrient profile. The reasons f(’)l‘ this are explored in this outline paper fand and ferns in that algge are not slxcialised‘f(.ar life pseudovita min B12 [17] . The protein content in
can be traced back to Europe’s legal framework for consumer protection. on land [2]. Even this very general definition is L . ]
As a result of the Regulation on novel foods, foods are only approved for incomplete and excludes whole taxa of algae splrullna is around 50-60% of the dry mass with a
use on the European market after a time-consuming investigation process, which have lost the abilitv to photosvnthesise : : _
in order to protect consumers from unsafe foodstuffs. . ; s . B biological value of 50-70 [18]. However, even

over the course of their development [1, 2]. . .
Keywords: microalgae, novel food, Novel Food Regulation, n-3 fatty acids, The algae group is divided into microalgae and microalgae not approved up to now have major
vitamin B,, macroalgae, whereby macroalgae are multi- potential. For instance, not only does the dry mass

of Phaeodactylum tricornutum contain 1.7-5.0% of
Molke eicosapentaenoic acid (EPA) [29], it also contains

the carotenoid fucoxanthin



Goodies from algae

Astaxanthin is produced naturally in the
freshwater microalgae Haematococcus
pluvialis and the yeast fungus
VidalolA & B Xanthophyllomyces dendrorhous

(Bactericidial and
Carotenoids * antiinflammatory)
PROTECTION

B-carotene

(Feed supplement)

(Feed additive)

PREVENT LIVER
DAMAGE

Polyunsaturated

fatty acids
Phycocyanin (Supplements)

(Cosmetics)

Anticancer
(Pharmaceuticals)

IMMUNE SYSTEM
CARDIOVASCULAR
Domoic and Kainic
acid
Whole Cell
(Food)

(Neuroexcitory)



Plant protein sources, non-conventional extraction
techniques (NCE)

Cell membrane
disintegration
during CE and QCE

Typical surface
morphology of plant cell

Various proteins
extracted using

CE and NCE

Protein isolate
or concentrate

ER derived
protein bodies

Protein storage 4
vacuole

v Di tion of plant
Plant cell showing the presence isruption oi p .
protein in cell wall and cytosol cell wall by CE and NCE




Plant protein sources, methods

PRESS CAKE —

=4 Biochemicals

Biofuels

me Biomaterials

GREEN
BIOMASS -

Enzymes

| & Biogas &
fertilizer

omertaton —

Lactic acid,
volatile fatty
acids (VFAs)

4444+ | 4

B-E) Ph i
koo

NUTRIENT-RICH
GREEN JUICE

)
o

Biogas &
fertilizer




Plant-based proteins- 2

Regulation: FDA regulates
* Daily regulation not required
* Food processors must have risk-based preventive food safety system in place
* Discussion in many states and federal level on what can be called a “burger”,

/(]

“sausage”, “meat” or similar terms

EU Novel food ?




Plant-based proteins- 3

* Food safety considerations: consumers with allergies to
wheat, soy, etc should check label

* Cook to 165F, use same good practices as with meat

* Marketplace status: Available in many restaurants and
grocery stores '

1 | : - 3 - - i

Nutrition Facts

Preziad Coala 00 Rorwd
Norne sl Flawors, Gam Arsdie.

(e il ctor), Remarna Extract (dor
sort . G Fruad Lxtvact (o saietem



Plant-based proteins- nutrition
comparison

e Slightly different than meat

Table 1. Nutritional comparison of a reqular Whopper®
to an ImpossibleWhopper® (patty only)

Regular Impossible

Whopper® Whopper®
Calories (Kcal) 240 210
Fat (g) 18 12
Saturated Fat (g) 8 7
Trans Fat (g) 15 0
Cholesterol (mg) 80
Sodium (mg) 230 330
Carbohydrates (g) 0 9
Fiber (g) 0 2
Sugar (g) 0

Protein (g 20 17



Further nutrition considerations

* Noted nutrients likely lacking in most beef replacements and meat
replacements include:
 Monounsaturated fatty acids
 Vitamins Bs (niacin), B:;*
* Zinc
* Choline
* Selenium

*Lack of By, represents a well-known and potentially serious limitation of plant
based diets



Cultured meat is coming

 NOT currently available for
many consumers

* Not currently produced on large
scale

e Grown in laboratories from
animal cells in culture medium

e Grown on an edible non-meat
scaffold that holds cells in
position

* May be called “cultured

”

protein”, “clean meat”, “lab-

V7 {

grown meat”, “in vitro meat”,
others




Cultured meat, production

L OO0 0000004
L O 0000000 4

There are three
stages in the
production of

cultured meat.
1. Selection of
starter cells,

2. Treatment of

growth
3. Scaffolding,



Cells, media, scaffolds (Gerust)

* To collect cells that have rapid rate of proliferation.

* Stem cells does not develop toward a specific kind of cells. So cells such as myosatellite and myoblast cells
are often used.

* Because the cells will helps in producing a structural cells.

* Cells are then treated by applying a solution that promotes tissue growth known as growth medium.
* Medium should contain necessary nutrients and appropriate quantities of growth factor.
* Then they are placed in a bioreactor which is able to supply the cells with energetic requirements.

* To cultured 3 dimensional meat, the cells are grown on scaffold.

* The idea scaffold is edible so meat does not have to be removed and periodically moves to stretch the
developing muscle.

e Scaffold must maintain flexibility in order to not detach from developing myotubes.
» Scaffold d must allow vasucularization ( creation of blood vessel) in order to develop normal muscle tissue.



3D printing

e Additive manufacturing:

An Israeli company Meatech proposes to use 3 dimensional printing
techniques to improve the texture of cultured meat.

 Sacffold based production technique can be only appropriately used
in boneless or ground meats.

* End result of this process would be meat for hamburger and
sausages.



Alternative proteins EU Novel Food law and

FDA

Highlights

EU food law impacts the transformative potential of alternative
proteins,

Insects and cultured meat are novel foods; several microalgae

and macroalgae are not.

The GM Food Regulation applies to all genetically modified or
edited foods.

The names of vegan products have caused controversy.

The principles of non-discrimination and proportionality are

important for fairness.

The Novel Food Regulation focuses on the nutritional and
food safety concerns with human foodstuffs, and in
microbial proteins the main food safety concerns are the
high RNA content, toxic metabolites and contamination of
the microbial cultures with other microorganisms (Ritala et
al.,, 2017). T

The biomass produced by cellular agriculture may be
harvested and processed for food as such, or its proteins
may be extracted to produce a pure protein isolate.

Protein extraction may cause significant changes to the
nutritional content of the raw material and the resulting
protein isolate may thus be considered a novel food,
although the production organisms itself would not fall
under Novel Food Regulation (Regulation (EU) 2015/2283



Table 1. Microorganisms accepted as food in the EU. *Consumed in EU countries before

1997.
Scientific name Common Organisms Legal status Reference
name
Aphanizomenon  AFA Cyanobacterium Not novel* EU Novel
flos-aquae Food
Catalogue
Spirulina sp. Spirulina cyanobacterium  Not novel* EU Novel
Food
Catalogue
Arthrospira Spirulina cyanobacterium  Not novel* EU Novel
platensis Food
Catalogue
Chlorella Chlorella microalga Not novel* EU Novel
luteoviridis Food
Catalogue
Chlorella Chlorella microalga Not novel* EU Novel
pyrenoidosa Food
Catalogue
Chlorella vulgaris  Chlorella microalga Not novel* EU Novel
Food
Cartalogue

Chlorella
luteoviridis

Chlorella

pyrenoidosa

Chlorella vulgaris

Odontella aurita

Tetraselmis chuii

Saccharomyces

cerevisiae

Fusarium

venenatum

Yarrowia

lipolytica

Clostridium

butyricum

Chlorella

Chlorella

Chlorella

Brewer's
yeast,

budding yeast

microalga

microalga

microalga

microalga

microalga

microfungus,

yeast

microfungus

microfungus,

yeast

bacterium

Not novel*

Not novel*

Not novel*

Authorized novel food, for use
as small quantities in specified

food products

Authorized novel food, small
quantities in specified food
products and as food

supplements

Not novel*

Not novel*

Authorized novel food, only for

use in food supplements

Authorized novel food, only for

use in food supplements

EU Novel
Food

Catalogue

EU Novel
Food

Catalogue

EU Novel
Food
Catalogue

(EU)
2017/2470

(EU)
2017/2470

Wiebe (2004)

(EU)
2017/2470

(EU)
2017/2470



Proteins from arthropods, insects




Insekten als Lebensmittel

* in Uber 200 Landern als Lebensmittel verzehrt JEEllE g e rr o e —

* v.a. in Asien, Afrika, Lateinamerika 2011

* in Kenia und Thailand v
in Kenia un ailan - ”

-> Massenzlchtungen

* in westlichen Landern Saugetiere als .
Hauptproteinquelle -> kaum Insektenverzehr

¥ KATAPULT

) https://katapult-magazin.de/de/artikel/artikel/fulltext/esst-mehlwuerme
[Garino et al., 2019]



Gesundheitliche Vorteile von Insekten

* vergleichbare Nahrstoffgehalte wie Fleisch und Fisch

* hohe Gehalte an:
e essentielle Aminosaure
* mehrfach ungesattigten Fettsauren
 Ballaststoffen

* Mineralstoffen: Kupfer, Eisen, Magnesium,
Mangan, Phosphor, Selen und Zink

essbarer Anteil

=Y
==Y

Protemgehatt

[1]

[FAO, 2013]



Durchschnittliche Zusammensetzung verzehrter Aminosaurespektren verzehrter Insekten

Insekten
1
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Biattodea Coleoptera Diptera Hemiptera Hymenoptera Isoptera Lepidopters Odonata  Orthoptera
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[BfR, 2016]



dkologische und 6konomische Vorteile

e geringer Futter und Wasserverbrauch
-> effizientere Futterverwerter == e e Y

-> 2kg Futter £ 1kg Insektenmasse “""4 ”‘ e 100

-> 8kg Futter £ 1kg Rindermasse
* weniger Landverbrauch o] N ]

e geringer Treibhausemissionen 12 5 e’ 15 500

[1]
e Zucht auch mit geringen Ressourcenaufwand maoglich

-> auch fur Schwellen- und Entwicklungslander

[FAO, 2013]



Main problem allergy in all novel protein

SOUrces

Allergen Data

Allergy Data

Allergen source
e.8. birch pollen

Study population
e.g. birch polien aliergic subjects

Cloning, expression, tsolation,
purification purification

l

Recombinant Natural Allergy to source clinically verified
protein protein e.g. canvincing history, allergen challenge
Serum
donation
Molecular characterization Presence of source specific IgE shown

Amino acid sequence identity,
glycosylation, integrity, purity

Characterized protein \

e.g. source total protein IgE-immunoblot

/ Specific Igk binding

Experimental evidence of allergenicity
Specific IgE binding to characterized source protein
(positive in at least 5 sera of patients allergic to corresponding allergen source)

YES - Accepted
7 WHO/IUIS allergen

nomenclature assignment

N\ox

NO - Declined
7 Submission declined

-

» Datacan be updated and resubmitted

Joint FAOMWHO Expert Consultation on
Allergenicity of Foods Derived from Biotechnology,
January, 2001

5.1. Sequence Homology as Derived from Allergen Databases

The commonly used protein databases (PIR, SwissProt and TrEMBL)
contain the amino acid sequence of most allergens for which this
information is known. However, these databases are currently not fully up-
to-date. A specialized allergen database is under construction.

Cross-reactivity between the expressed protein and a known alfergen (as
can be found in the protein databases) has to be considered where there is:
1) more than 35% identity in the amino acid sequence of the expressed
protein (i.e. without the leader sequence, if any), using a window of 80
amino acids and a suitable gap penafty (using Clustal-type alignment
programs '_gr equivalent alignment programs) or: 2) identity of 6 contiguous
aimino acids.

If any of the identity scores equals or exceeds 35%, this is considered to
indicate significant homology within the context of this assessment
approach. The use of amino acid sequence homologies to identify
prospective cross-reacting allergens in geneticaII%-modiﬁed foods has been
discussed in more detail elsewhere (Gendel, 1998a, Gendel, 1998b).



Risiko allergenes Potential

 direkte Allergie bei Mehlwiirmern und Seidenraupe

* Kreuzreaktivitat bei Hausstaubmilben- und Meeresfruchtallergikern zu Tropomyosin und
Argininkinasen der Insekten

-> bei Mehlwirmern, Grillen, Grashlipfer, Motte, Termiten, Schabe

Vorkommen:
* 7,6% allergische Reaktionen

* davon 18% anaphylaktischer Schock
Symptome:

Hautreaktionen (R6tung, Urticaria), GI-Probleme (Bauchschmerzen, Diarrhoe), respiratorische
Storungen (Asthma, Dyspnoe)

[De Gier & Verhoeckx, 2018]



Risikoanalyse-System allergenes Potential

Data Consumption  Contamination levels Clinical studies

* Verhinderung einer Ubertragung von

Food processing Allergens

allergenen Material auf andere

Variables Allergen intake Thresholds

Lebensmittel

Stochastic
model

-> Schutz von Allergikern

Outcome Risk of allergic reaction

e Stellung eines Novel Food- Antrags
-> Beweis, dass kein allergenes Protein in Lebensmittel enthalten

-> Vergleich der AS-Sequenz mit Sequenz von allergenen Proteinen

[Garino et al., 2019]



Risikoanalyse-System Allergene
(Mehlwilrmer)

1. Stufe: Gefahrenidentifikation
-> allergische Reaktionen durch Hautkontakt, Inhalation oder Verdauung
-> |gE-Kbrper Produktion

2. Stufe: Gefahrencharakterisierung:
-> Bestimmung Grenzwert-Dosis fiir allergische Reaktion (durch klinische Studie)
-> Effektive Dosis (5%, 10%, 50%)

3. Stufe: Aufnahme Beurteilung:
-> Menge von konsumierten Produkt
-> Konzentration Allergen in Produkt
-> Wahrscheinlichkeit, dass allergenes Produkt aufgenommen wird
-> Charakterisierung und Pravalenz von klinischen Subgruppen

4. Stufe: Risiko Charakterisierung
-> Charakterisierung des Risikos bei verschiedenen Leveln von Allergenen

-> Entwicklung eines sicheren Grenzwertes fir allergene LM
[Garino et al., 2019]



Risiko: biologische und chemische Gefahren

Biologische Gefahren

* pathogene Bakterien

* Mykotoxin-produzierende Pilze
* Parasiten

Abhangig von:

» Spezifische Produktionsmethoden
* Substratverwendung

* Phase der Ernte

* Viren / * Insektenspezies

* Antibiotika resistente Gene * Verarbeitungsmethoden

Chemische Gefahren
* Schwermetalle
* toxisch-chemische Verbindungen

[Garino et al., 2019]



gesetzliche Regelungen

. EU F({jegulation 2015/2283: Insektenbasierte Lebensmittel gehoren zu Novel
00

* EU Regulation 2017/893: Liste mit 7 erlaubten Insektenspezies

* Hermetia illucens (Soldatenfliege)

* Musca domestica (Stubenfliege)

* Tenebrio molitor (Mehlkafer)

* Alphitobius diaperinus (Getreideschimmelkafer)
* Acheta domesticus (Hausgrille)

* Gryllodes sigillatus (Kurzfligelgrille)

* Gryllus assimilis (Steppengrille)



Nachweismethode Insekten

* Fur Gen-ldentifikation C01-Gen verwendet T
-> Cytochrom C Oxidase 1-Gen in Mitochondrien 200 ‘ ' 95
o Torarten O 100 00 O

0 00 0 OO A

o587

* CO1-Gensequenz bei allen Spezies unterschiedlich T
* je ndher verwandt, desto dhnlicher

* Gensequenzen erlaubter Insektenspezies in Datenbank ,,Barcode of Life
Data System (BOLD)” gespeichert

— Nachweis durch Vergleich Gensequenz von Probe
mit Datenbank

[Garino et al., 2019]



NANO particles, nutrition and foods

NMs classification based on dimensionality

& : s N i S i ~
e NanOparth|eS 0D 1D . 2D 3D
ek Nanospheres, Nanotubes. Thin films, plates, Bulk NMs,
clusters wires, rods layered structures polycrystals
nanoparticle _ colloid, sand
Water Glucose Antibody Virus Bacteria Cancer cell A period Tennis ball §
‘ b Metal nanorods,
1 04 1 1 o 10} 1 o! 1 ol 1 o! 1 ol 107 1 ol Quantum dots Ceramic crystals f::‘:g:‘;;“md faiis
| | | 1 | | | | | | .,,
Nanometers | | | | [ | | | |

* Nanodevices: O Nanoparticles have

Nanopores
Dendrimers enormous surface-to-
I ’ Nanotubes weight ratio Carbon nanotubes,
Quantum dots Fullerenes Metallic nanotubes Polycrystalline
Nanoshells U Many nanomaterials Seschens cis

Source: http://inano.cancer.gov/learn/understanding/ have special properties
that differ from the parent
bulk material

S
~

: Gold nanowires,
Gold nanoparticles Polymeric nanofibers,
Self assembled structures

Quantum dots (QDs) are semiconductor particles a few nanometres in size, \ / " /O 7
having optical and electronic properties that differ from larger particles due to
guantum mechanics

Layered nanomaternials Dendnmer
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Supplements

Agriculture Food Processing Food Packaging
* Single molecule detection * Nanocapsules 10 improve * Antibodies attached 10
10 determine enzyme/ bioavailability of fluorescent nanoparticles

substraie interactions

* Nanocapsules for delivery
of pesticides, fertilizers
and other agrichemicals
more efficiently

* Delivery of growth
hormones in a controlled
fashion

* Nanosensors for
monitonng soil conditions
and crop growth

* Nanochips for identiry
preservation and tracking

* Nanosensors for detection
of animal and plant
pathogens

* Nanocapsules to deliver
vaccines

* Nanoparticles to deliver
DNA to plants (targeted
genetic engineenng)

neutraceuticals in standard
ingredients such as
cooking oils

* Nanoencapsulated flavor
enhancers

* Nanotubes and
nanoparticles as gelaton
and viscosifying agents

* Nanocapsule infusion of
plant based sterouds to
replace a meat’s
cholesterol

* Nanoparticles to
selectively bind and
remove chemicals or
pathogens from food

* Nanoemulsions and
~particles for better
availability and dispersion
of nutrients

to detect chemicals or
toodbome pathogens

* Biodegradable nanosensors
for iemperature, mosture
and nme monitoring

* Nanoclays and nanofilms
as barner matenals o
prevent spoilage and
prevent oxygen absorption

* Electrochemical nano-
sensors 10 detect ethylene

« Antimicrobial and
antifungal surface coatings
with nanoparticles (silver,
magnesium, zingc)

* Lighter, stronger and more
heat-resistant films with
silicate nanoparticles

* Modified permeation
behavior of foils

* Nanosize powders to
increase absorption of
nutnents

* Cellulose nanocrystal
composites as drug carrier

* Nanoencapsulation of
neutraceuticals for better
absorption, better stability
or targeted delivery

* Nanocochleates (coiled
nanoparticles) to deliver
nutrients more effictently
to cells without aflecting
color or taste of food

* Vitamin sprays dispersing
active molecules into
nanodroplets for better
absorption



Targeted drug delivery, Gene
therapy, Cancer therapy,
Photoimaging, Antioxidant
activity, Antimicrobial
activity, Mosquitocidal uses

Catalytic activity, Removal of
toxic pollutant/ heavy
metal/oil
droplets/pesticides/insecticide
/ water remediation

I

T

Nanomedicine

Environment

APPLICATION
OF
NANOPARTICLES

Consumer goods & Electronics Agriculture
Cosmetics, Fast moving Gene delivery, Cell labelling,
consumer goods, Photonic Nanocensors for
crystals, Nonlinear opticals, biomolecules detection,
Nanoelectronics, Labelling and Fertilizer delivery, Crop
Imaging protection and production
4
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Application of
Nanotechnology
in Food Industry
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Nano and nutrition

[Enhanced nutritional value

Improved tastes,
flavors and textures
of food products

Enhanced uptake and
bioavailability of nutrients
and other additives

Nanotechnology
in food industry

Better traceability and

safety of food products

Maintenance
of food quality

~——

Reduction in the amount of
fat, salt, sugar, and
preservatives




Methods Nano

Nanotechnique

Edible coatings

Hydrogels

Polymeric micelles

Nanoemulsions

Liposomes

Inorganic NPs

Characteristic feature

To preserve the quality of fresh foods during extended
storage

Can be easily placed into capsules, protects drugs from
extreme environments, and to deliver them in response
to environmental stimuli such as pH and temperature

Solubilize water-insoluble compounds in the
hydrophobic interior, high solubility, low toxicity

(i) Greater stability to droplet aggregation and
gravitational separation;

(i) Higher optical clarity; and, (iii) increased oral
bioavailability

Since liposome surrounds an aqueous solution inside a
hydrophobic membrane, it can be used delivery vehicles
for hydrophobic molecules (contained within the bilayer)
or hydrophilic molecules (contained in the aqueous
interior)

They display good encapsulation capability and their
rigid surfaces allow controlled functionalization

Examples

Gelatin-based edible coatings containing cellulose
nanocrystal

Chitosan/nanosilica coatings

Chitosan film with nano-SiO»
Alginate/lysozyme nanolaminate coatings
Protein hydrogels

PEO-b-PCL [poly(ethylene glycol)block-poly(caprolactone)]
polymeric micelles

Methoxy poly(ethylene glycol) palmitate polymeric micelles
p-Carotene-based nanoemulsion

p-Carotene-based nanoemulsion

Cationic lipid incorporated liposomes modified with an
acid-labile polymer hyper-branched poly(glycidol) (HPG)

Mesoporous silica nanoparticles

Reference

Fakhouri et al., 2014

Shiet al., 2013
Yuetal., 2012
Medeiros et al., 2014
Qui and Park, 2001

Ma et al., 2008

Sahu et al,, 2008
Kong et al., 2011

Yuan et al., 2008

Yoshizaki et al., 2014

Tang et al., 2012



Nanoparticles: Delivery, stability, release

Liposomes Nanoemulsions Emulsions

m o
Microemulsions
é oq @ u
io q?n:.
cib' @
NANOSCALE

Q DELIVERY SYSTEMS Microclusters
Q °0
Biopolymer "'
Nanoparticles
Colloidosomes
"‘auw

Microgels Filled Multiple
Microgels Emulsions



Nano carriers

NANOCAPSULE NANOSPHERE

N

| soup uPID — — NANO
/\] nanoearticle [ NANO CARRIER SYSTEMS) crYSTAL
) FOR NUTRACEUTICALS

|

O/W TYPE NANOEMULSION WI/O TYPE NANOEMULSION




Nano and nutraceuticals

Nanoformulations for lipophilic nutraceuticals

Lipid & surfactant-based nano-carriers

Polysaccharide-based nano-carriers

Protein-based
nano-carriers

g
LAY "
— ."‘R‘vf g W‘
E TN \"g 4 '&W
Polynsenc Inclusion




'> FutuNatura

LIPOSOMAL
CURCUMIN

With phospholipids

.> FutuNatura

LIPOSOMAL
CURCUMIN

with phospholipids

Increased
bioavailability




Nano silver

Environmental

= Wastewater Treatment

= Water Disinfection

* Activated Carbon
Filters

Health Care

e

= Nutraceutical 9

= Topical Ointments & /

Creams

\

Textiles

= Anti-stain Textiles
= Medical Textiles

= UV Blocking Textiles

_
0 0

APPLICATIONS OF

NANO SILVER

Food Agriculture

= Interactive Food

= Food Packaging

* Food Quality Analysis
Sensors

Catalysis
= Fuel Additive Catalyst

@ * Fuel Cell Catalyst

= Hydrogen Production
\ Photocatalysis

TECHNOLOGY 2 A
A Biomedical
= Cancer Therapy
= Drug Delivery
/ = Cell Imaging
* Diagnosis

Nano-Enabled Methods for Food Safety & Quality Enhancement

Antimicrobial Properties
Repels
» miceobes
' S— 2 *_
- ——r 7
Kills microbey
‘ o6 contact
—
Mechanical Properties Letends lood shelf life Dottexes Pood born Barrier Properties
wnd feod safegy T pathogons
:
Increased ultimate o <

.\‘ {_? / tensdte ur«m:h—.

Decroases water
vvaoouv permeabiiity

rY

Fl-.

Increase olongation ) | ? .. =
at break 1]\
j 4 \ Decreases oxygen
; Increased Youngs transemEssion rate \
Modulus vn/
INCreAsed rasiytand it molsture Duodup 4 ...
\ beaaking Bionanocomposite wittun the pachage Decreases catbon
(Bloplastic + AgNPs) dioxide transenission
{ ncremied Nex \
manufactourn, Creees
Water Resistance Properties and recyclabiity Thermal Properties

— -
* “‘}r T — } T
B Ly

)

Increased thermoptvyical
stability



Nano sensors

Nanosensor class
1

Primary end user
L

Key development challenges
1

Nanosensors for food, agriculture and drinking water

Class | Class Il Class Il
Solution-based probes Chips, strips and microfiuidics  Real-time monitoring
and separation agents  for rapid analysis in the field  devices (farm/package)

L

Public health agency: Pwlc health ngoncy Intermediate industry
laboratory scientist or public consumer




Nutraceuticals delivery

(1) ® EGCG coating (2) @ Surface functionalization
e.g. self-polymer- e.g. chitosan,
-ization of EGCG p folic acid,
on the surface of gallic acid,
nanovehicels chlorogenic acid
Cotributing to cellular uptake
Favoring for and increasing stability of the
cellular uptake of nanovehicles; endowing
the nanovehicles controllable release of EGCG
(3) (4)
e.g. chemothera-
e.g. peptides, peutic drugs, therapeutic
aptermers genes, photo-sensitizers
Targeting
delivery of
EGCG to Realizing combination
tumor tissues therapy of cancer

® Targeted molecular modification @ Multi-modal therapeutics co-delivery

< »
Q o o
;
" O il
OH
OH =}

oH Resveratrol Fisetin

Mg
(~)-Epigallocatechin
3-gallate
'«.,,_.‘ ‘

EGCG-GNPs RSV-GNPs FS-GNPs

Gold nanoparticles , GNPs



Membrane Proteins In general, in vitro studies have shown adverse health effects of
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size, concentration, and duration of exposure. Exposure to
silver nanoparticles causes a decrease in GSH levels
(glutathione), lipid peroxidation, increased expression of ROS-
responsive genes, and an increased level of their proteins,
which in turn leads to DNA damage, apoptosis, and necrosis
[25].
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In general, in vitro studies have shown adverse health effects of cells or bacteria after exposure to AgNPs. The mechanism of AgNP-
dependent cytotoxicity in in vitro assays is primarily based on the induction of reactive oxygen species (ROS). Cytotoxicity and
genotoxicity of AgNPs depend mainly on the size, concentration, and duration of exposure. Exposure to silver nanoparticles causes
a decrease in GSH levels (glutathione), lipid peroxidation, increased expression of ROS-responsive genes, and an increased level of
their proteins, which in turn leads to DNA damage, apoptosis, and necrosis [25].
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Supplements,Food improvements

FOOD IMPROVEMENT AGENTS

Food Improvement Agents

Additives

Food additives, food enzymes and food flavourings are also known as "food improvement

Enzymes .
agents .

Flavourings Why add food additives, enzymes and flavourings to food?

Extraction Solvents * Among others, food additives preserve, colour and stabilise food during its production,
packaging or storage.

Common Authorisation Procedure L , . i _
* Enzymes have specific biochemical actions which serve technological purposes at any

stage of the food chain

“ ALL TOPICS * Flavourings give or change the odour or taste to food




Safe level

Setting the “safe level”

As part of its safety evaluations of food additives EFSA seeks to establish, when
possible (e.g. when sufficient information is available), an Acceptable

Daily Intake (ADI) for each substance.

The ADI is the amount of a substance that people can consume on a daily basis during their whole life
without any appreciable health risk. ADIs are usually expressed in mg per kg of body weight per day
(mg/kg bw/day). The ADI can apply to a specific additive or a group of additives with similar properties.
When re-evaluating previously authorised additives, EFSA may either confirm or amend an existing ADI
following review of all available evidence.

When there are insufficient data for establishing an ADI, a margin of safety may be calculated to
determine whether estimated exposure might be of potential concern.

In other cases, for example, for substances that are already present in the body or regular components of
the diet or that did not indicate adverse effects in animal studies, there is no need to set an ADI.
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Milestones

EFSA's role
Food supplements are concentrated sources of nutrients {i.e. mineral and

vitamins) or other substances with a nutritional or physiological effect that are
marketed in “dose " form (e.g. pills, tablets, capsules, liquids in measured doses). FAQ

EU framework

A wide range of nutrients and other ingredients might be present in food
supplements, including, but not limited to, vitamins, minerals, amino acids,

Published on this -
essential fatty acids, fibre and various plants and herbal extracts. See also

Food supplements are intended to correct nutritional deficiencies, maintain an
adequate intake of certain nutrients, or to support specific physiological
functlonsTheyare not medicinal products and as such cannot exert a
pharmacological, immunological or metabolic action. Therefore their use is not
intended to treat or prevent diseases in humans or to modify physiological

functions.

In the EU, food supplements are requlated as foods. Harmonised legislation
regulates the vitamins and minerals, and the substances used as their sources,
which can be used in the manufacturing of food supplements. For ingredients
other than vitamins and minerals, the European Commission has established
harmonised rules to protect consumers against potential health risks and
maintains a list of substances which are known or suspected to have adverse
effects on health and the use of which is therefore controlled.

Latest

In May 2018, the EFSA Panel on Food Additives and Nutrient Sources Added to
Food (ANS) adopted guidance on the evaluation of sources of nutrients and
bioavailability of nutrient from the sources.

In December 2017, EFSA published the Summary report on Dietary Reference
Values for nutrients . Earlier in 2017, EFSA published the Overview on Tolerable

EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA). @
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Summary of Tolerable Upper Intake |

Table2:  Summary of Tolerable Upper Intake Levels (UL) of vitamins and certain fatty acids

Age/Life-stage group

' Unit 0-6mo | 6-12mo 13y 46y | T-10y 11-14 v 15-17y Adults ' Presmancy | Lactation
VITAMINS

Biatin No adeguate dats to derivea UL
B-Carotene No adeguate data to derivea UL
Folic acid (syathetic) | upsd 200 300 400 600 800 1000 1000 | 1000
Niacin

Nicotinamide me'd 150 220 350 S00 700 o800 Inadecuate data

Nicotinic acid mg'd 2 3 - 6 8 10 Inadequate data
Pantothenic acid No adeguate data to derivea UL
Vitamin A pg REd |00 1100 1500 2000 260) 3000° 3000 3000
Vitamin Bl No adeguate data to derbea UL
Vitamin B12 No clearly defined adverse effects
Vitamin B2 No adeguate data to derive a UL
Vitamin B6 mg'd 3 7 10 15 20 25 25 23
Vitumin C No adeguate data to
Vitamin D pgd 25 0 30 100 100 100 100 | 100
Vitamin E mg'd 120 160 220 260 300 300 300
Vitamin K No adeguate data to denvea UL

FATTY ACIDS

No adeguate data to derive a UL

DHA. EPA. DPA

., day: DHA_docosshexaenoic acid. DPA. docosapestsenoic acid: EPA. eicosapentasnote ackd: mo. meech: RE. retinol cguivalents: y. year
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Botanicals
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Botanicals and derived preparations made from plants, algae, fungi or lichens
have become widely available on the EU market in the form of food supplements.

Examples include ginkgo, garlic, St. John's Wort and ginseng. Such products are
typically labelled as natural foods and a variety of claims are made regarding
their possible health benefits. They can be bought over the counter in
pharmacies, supermarkets, specialist shops and via the internet. While most of
these products have a long history of use in Europe, some concerns exist about
their safety and quality. These include the risk of chemical or microbiological
contamination and the need to ensure that concentrations of bioactive agents
are within safe limits.

Milestones

]
2016 May - December
EFSA's Scientific Committee releases the third version of its
Compendium; the database is expanded with non-European botanical
species, and made more user-friendly with a web-based search interface.

2014 March

Scientific Committee publishes an opinion on the suitability of the
Qualified Presumption of Safety approach for the assessment of
botanicals and botanical preparations.

2012 ) May

Scientific Committee publishes an updated and extended version of the
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European Food Safety Authority

EFSA Journal 2015:13(11}%:4300

SCIENTIFIC OPINION

Scientific and technical guidance on foods for special medical purposes in
the context of Article 3 of Regulation (EU) No 609/2013"

EFSA Panel on Dietetic Products, Nutrition and Allergies {’.\'DA}2=3
European Food Safety Authority (EFSA), Parma, Italy

ABSTRACT

Following a request from the European Commission, the EFSA Panel on Dietetic products, Nutrition and
Allergies (NDA) was asked to provide scientific and technical guidance on foods for special medical purposes in
the context of Article 3 of Regulation (EU) No 609/2013. The guidance presented in this document 1s to assist in
the preparation and presentation of well-structured dossiers. It presents a common format for the organisation of
the information and outlines the information and scientific data which could be included in the dossier, as well
as the key 1ssues which should be addressed in the dosster in order to assess the extent to which a food product
notified as FSMP falls under the scope of Regulation (EU) No 609/2013, under the proposed use. It is intended
that the guidance will be kept under review and will be further amended and updated as appropriate in the light
of experience gained from the evaluation of dossters for specific food products notified as FSMP, and 1n the
light of future Community guidelines and legislation. The scope of this guidance is limited to FSMPs in the
context of Article 3 of Regulation (EU) No 609/2013. Qut of the scope of this gmidance are: a) other categories
of food falling under Regulation (EU) No §0%/2013, such as infant formula and follow-on formula, processed
cereal-based food and baby food, and total diet replacement for weight control; b) meal replacements for weight
control; c) “gluten-free™ and “lactose-free™ foods.

© European Food Safety Authority, 2015
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Scientific and technical guidance on foods for
special medical purposes in the context of Article 3
of Regulation (EU) No 609/2013

Published: 26 March 2021 Share: O 0 @

8 JOURNAL

Wiley Online Library

Full article:
Read online at EFSA Journal I | Full article (online viewer)

Meta data

EFSA Journal 2021;19(3):6544

DO https://doi.org/10.2003/).efsa.2021.6544

KEYWORDS food product, disease, disorder, medical condition, patients, distary management



Functional foods (non specifically regulated in EU)

* Functional foods are defined as “any food and food
ingredients that may provide health benefit beyond
the traditional nutrition that it contains”.

* Japan was the first country to recognize functional
foods as a separate category when in 1991 it
introduced the FOSHU (Foods for Specific Health
Use) system to evaluate health claims.

* FSSAl issues Gazette notification for regulations on
Nutraceuticals, Functional Foods, Novel Foods and
others on 23 December 2016.
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European Food Safety Authority EFSA Joumal 2012;10(5):2663

SCIENTIFIC REPORT OF EFSA

Compendium of botanicals reported to contain naturally occuring
substances of possible concern for human health when used in food and
food supplements’

[

European Food Safety Authorityz‘
European Food Safety Authority (EFSA), Parma, Italy

ABSTRACT

In April 2009, EFSA published on its website a Compendium of botanicals reported to contain toxic, addictive,
psvchotropic or other substances of concern. The purpose of the Compendium is to assist risk assessors
responsible for the evaluation of specific ingredients in food supplements, in more easily identifving the
compound(s) of concern on which to focus the assessment. The Scientific Committee worked on a second
version of that Compendium between January 2010 and February 2012, considering botanicals that appear on a
negative list or subject to restricted use (e.g. max. level or certain parts allowed only) in at least one European
Member State. Two annexes have been added compared to the first version; the first one lists botanicals for
which not enough information on possible substances of concern could be found, or for which the information
present could not be verified. The second one lists botanicals for which, although some data were available, the
Scientific Committee could not identify substances of concern, or other reasons for the inclusion in the
compendium. This new “Compendium of botanicals reported to contain naturally occuring substances of
possible concern for human health” replaces the first version published in 2009; 1t lists in alphabetical order
botanicals without any judgment on whether they are suitable or not suitable for food applications in Europe; it
has no legal or regulatory force pertaining to the legal classification of products or substances.
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COMPENDIUM OF BOTANICALS REPORTED TO CONTAIN NATURALLY OCCURING SUBSTANCES OF POSSIBLE CONCERN FOR HUMAN HEALTH WHEN USED IN FOOD AND FOOD SUPPLEMENTS

This compendium lists in alphabetical order botanicals without any judgment on whether these are suitable or not suitabll
botanicals and botanical preparations used in food and food suppl

for food applicati

0P in Europe. This compendium is part of a preliminary work undertaken by EFSA to harmonise the methodology across its panels for assessing the :
ts. Without prejudice to the existing legal framework, such compendium has no legal status and may not be used as support or evidence in any disagreement or dispute pertaining to the legal classification of products or substanc

compendium is a living document and is therefore open for additional contnbutions and ts.
Bosarical Asme Family parts of plants of Clisrinenl i eoncern Remarks on toxic/adverse effect(s) not known to be related Soectiic Raferencis
possible concern to the identified chemical(s) of concern pe
TN Van Keulen HA. 1981, Fiv 1 Cinlea
Cucumis sativus L. Cucurbtaceae Whole plant pml & Cand'g:\‘roo( Claieat.and ook atsg of Cucumis sativus L PhMFoodsmHmmeﬂon(FolmedyQMastx
31(2). 129137 2
Rehm S.et 8l 1957. Bitter of the VIl i
Cucurbita maxima Duch. Cucurbtaceae Whole plant Possible of Y L insBandC, g g istry and genetical aspects. J. Sci Food, Agr.
8{12). 687 - 691
Fnlso!c\mahdsquashwmwwmmvebeenmwbbe‘*ee of
p . and are to contain 2 gene of 3 Tema Nord 2006:556. Cucurbitacins in piant food. Nordic Councd of Ministers.
Gucurbita pepo L. Cucurbtaceae Frut of responsbie !onbsenca of However, back- occur 893-1381-1
randomly which may lead to plants with toxic and bitter fruits
Apiaceae Essential od from fruit ids. e.g (30ppm) and Council of Europe. 2007. Natural sources of flavourings. Report No. 2. Counci
GClnttiney cymbnn L, (Umbesiferae) it |etheroside: 1.8-cineole (0.2-0.4%) E ing ISBMN 978.92-871-6156.7
Curcuma kwangsiensis S5.G.Lee & 2o 5 oo . 5 Zhu You-Ping. 1998 Chinese Materia medica. Chemistry, pharmacology and
C.F. Liang Zloghoracato Hicane o 1&chede applications. CRC Press ISBN-13 §78.9057022852
Curcuma longa L. Council of Europe. 2000. Natural sources of flavourings. Report No. 1. Counci
(Curcume domestica Val, Curcums . " . o Europe Publishing ISBN 978-92-871-4324-2
ic Loir, A & o 1:8-cnsole 30d bicyclc monolermanes: 4.9, Camphios Zhu You-Ping 1993 Chinese Materia medica Chemistry, pharmacology and
Jaca) tions. CRC Press ISBN-13. 978-9057022852
i e ) = Zhu You-Ping. 1995. Chinese Materia medica. Chemistry, pharmacology and
Curcuma phaeocaulis Valeton Zingiberaceae Rhizome oi: bicyclic eg. (10-16%) ions. CRC Prass 1SBN-13 978.9057022852
Zhu You-Ping. 1993 Chinese Materia medica , pharmacology and
. r applications. CRC Press. ISBN-13. 978-9057022852.
Gurcuma wanyuli Y.H.Chen & C.Ling| Zingiberaceae Rhizome LiS. etal 2011 Chemical Composition and Product Quality Contro! of Turme:
(Curcuma longa L ) Pharmaceutical % 2 28-54
. ’ " s J. 2009 F imie, Plantes Ed.1
Curcuma xanthorrhiza Roxb. Easential o8 ‘3_'12*)&“('*) 1&:cacke (Up 10 40%), bicyclo Lavoisier, Paris, 4éme édition, 1260 pages, ISBN - 978-2.7430-1188-. Haget
MONOPEnes: cam . b cer Praxis 1998. Springer Veriag. ISBN 3-540-5
C N. 1979, : effect on inrats. Inch
Biol 17.740.742.
The and in -type are thought to 5
- Amaranthaceae Ren MT et al 2009. Rapid analysis of constituents of Radix Cyathulae using by
Cyathuss officlalis; Kuen (Chenopodiaceae) |R°° e &9 ®7 *“"’"g:“" contraction and can lead to abortion, however scoparone s | o 2 ko0 reverse phase LC-MS. Journal of Separation Science. 32(22), 398t
Zhu You-Ping. 1998. Chinese Materia medica. Chemistry, pharmacology and
applications. CRC Press. ISBN-13. 978-9057022852
Eizirik DL and Kisby GE 1995. Cycad toxin-induced damage of rodent and hu
Cycas spp. Cycadaceae Leaf, polen, seed Genus in which species may contain the amine oxide: cycasin pancsealc heta el Biochiem. Phammacol: S009), 355:365

Salama M and Arias-Carrion O . 2011. Natural toxins implicated in the develop
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Example EGCG

Green tea is produced from the leaves of Camellia sinensis (L.) Kuntze, without fermentation, which prevents
the oxidation of polyphenolic components. Most of the polyphenols in green tea are catechins.

The Panel considered the possible association between the consumption of (-)-epigallocatechin-3-gallate
(EGCG), the most relevant catechin in green tea, and hepatotoxicity. This scientific opinion is based on
published scientific literature, including interventional studies, monographs and reports by national and
international authorities and data received following a public ‘Call for data’.

The mean daily intake of EGCG resulting from the consumption of green tea infusions ranges from 90 to 300
mg/day while exposure by high-level consumers is estimated to be up to 866 mg EGCG/day, in the adult
population in the EU. Food supplements containing green tea catechins provide a daily dose of EGCG in the
range of 5-1,000 mg/day, for adult population. The Panel concluded that catechins from green tea infusion,
prepared in a traditional way, and reconstituted drinks with an equivalent composition to traditional green tea
infusions, are in general considered to be safe according to the presumption of safety approach provided the
intake corresponds to reported intakes in European Member States. However, rare cases of liver injury have
been reported after consumption of green tea infusions, most probably due to an idiosyncratic reaction. Based
on the available data on the potential adverse effects of green tea catechins on the liver, the Panel concluded
that there is evidence from interventional clinical trials that intake of doses equal or above 800 mg EGCG/day
taken as a food supplement has been shown to induce a statistically significant increase of serum
transaminases in treated subjects compared to control.



New EU legislation restricts the amount of green tea extract containing (-)-epigallocatechin-3-gallate
(EGCG) that can be present in food and sets new labeling requirements. EGCG is a catechin, which are

flavinols that may lead to liver damage.

Catechins, of which EGCG is the most common type, are found naturally in the leaves of Camellia

sinensis (L.) Kuntze, the plant that is processed into green tea. A 2018 scientific opinion from the

European Food Safety Authority (EFSA) concluded that consumption of EGCG exceeding 800 milligrams
per day (mg/day) may increase the likelihood of liver damage when taken as a food supplement. EFSA’s
determination was based on studies that revealed a statistically significant increase of serum

transaminases, which are indicative of liver injury, in subjects given EGCG supplements.

Food supplements containing
green tea atechins provide a
daily dose of EGCGin the
range of 5—1,000 mg/day,
according to EFSA.
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Novel Food ( EU)

Novel food

 Foods and food ingredients
« with a new or intentionally modified primary
molecular structure (eg, fat su bstitutesg);
» consisting of microorganisms, fungi or algae, or
calgm be isolated from this (for example, microalgae
oil);
» consisting of plants or isolated (eg phytosterols),
and isolated from animals food ingredients.



NF categories

1. Food with a new or intentionally modified molecular structure;
2. Food consisting of, isolated from or produced from microorganisms, fungi

or algae;

3. Food consisting of, isolated from or produced from material of mineral

origin; €.8.

4. Food consisting of, isolated from or produced from plants or their parts; wild plants can be novel foods if they
5. Food consisting of, isolated from or produced from animals or their parts; have not been consumed for human

6. Food consisting of, isolated from or produced from cell culture or tissue consumption to a significant degree in

culture derived from animals, plants, micro-organisms, fungi or algae;

7. Food resulting from a production process not used for food production
within the Union before 15 May 1997, which gives rise to significant changes
in the composition or structure of a food, affecting its nutritional value,
metabolism or level of undesirable substances;

the EU before 15 May 1997

8. Food consisting of engineered nanomaterials;

9. Vitamins, minerals and other substances used in accordance with
Directive 2002/46/EC, Regulation (EC) No 1925/2006 or Regulation (EU) No
609/2013;

10. Food used exclusively in food supplements within the Union before 15
May 1997, where it is intended to be used in foods other than food
supplements as defined in point (a) of Article 2 of Directive 2002/46/EC;



Novel foods

What are novel foods?

Novel foods are all foods that have not been used for human consumption to a significant degree within the European Union
before 15 May 1997, irrespective of the dates of accession of Member States to the Union, and fall into at least one of the
following 10 food categories:

1.with a new or intentionally modified molecular structure (e.g. tagatose, salatrim)

2.consist of or are isolated from microorganisms, fungi or algae (e.g. algae oil from the microalgae Ulkenia sp. )

3.consist of or are isolated from materials of mineral origin (e.g. clinoptilolite (zeolite))

4.consist of or are isolated from plants and parts of plants (e.g. noni juice (Morinda citrifolia), chia seeds(Salvia hispanica))
5.consist of or have been isolated from animals or their parts (e.g. insects, oil from Antarctic krill(Euphasia superba) , peptides
from the fish Sardinops sagax)

6.cell and tissue cultures from animals, plants, microorganisms, fungi or algae (e.g. extract from cell cultures of Echinacea
angustifolia, in vitro meat)

7.food resulting from a production process not used for food production within the Union before 15 May 1997 resulting in a
change in composition or structure (e.g. high pressure pasteurised fruit preparations, UV-treated mushrooms(Agaricus bisporus),
UV-treated baker's yeast(Saccharomyces cerevisiae), UV-treated milk)

8.consist of engineered nanomaterials (according to Article 3, Para. 2, lit f)

9.vitamins, minerals and other substances (e.g. iron (lI) ammonium phosphate, vitamin K2 (menaquinone), chromium picolinate)
10.used exclusively in food supplements (not permitted in food categories other than food supplements) (e.g. maqui berry
(Aristotelia chilensis), rose root(Rhodiola rosea)



Novel foods

The Commission considers foods and food ingredients that have not been used for human consumption to a significant
degree in the EU before 15 May 1997 novel foods and novel food ingredients.

Applies to foods and food ingredients which satisfy the decription and fall into one of the following cateqories:

Foods and food ingredients

* which present a new or modified primary molecular structure;

* which consist of micro-organisms, fungi or algae;

* which consist of or are isolated from plants and ingredients isolated from animals;

* whose nutritional value, metabolism or level of undesirable substances has been significantly changed by the
production process.

They:

Must be safe for consumers.

Must be properly labelled to not mislead consumers.
Can not be nutritionally disadvantageous.

What the Novel Food Requlation does not cover

The Regulation does not cover :

* Food additives

* Flavourings for use in foods

* Extraction solvents used in the production of foods
 GMO:s for food and feed

If foods and/or food ingredients were used exclusively in food supplements, new uses in other foods require
authorisation under the Novel Food Regulation e.g. food fortification require authorisation.



On the market before 15 May 1997,

conseqguences

VESIsorb® Drug Delivery System

VESIsorb® has made positive impacts in multiple markets, taking absorption and bioavallability to new
levels that dramatically exceed industry standards. This allows for an unmatched range of product
applications and novel formulations_ It has successiully been applied to the most popular, science-
backed ingredients like cmega-3 EFAs, coenzyme 010, QH ubiguinol, vitamin K2, curcumin
phytocannabinecids, vitamin D, pterostilbene, palm tocotrienols, diindolylmethane (DIM), gamma
tocopherols, citrus palymethoxylated flavones (PMFs), resveratrol, krill oil, algal DHA, vitamin A
(retinoids), phospholipids and betacaryophyliene, among many others

" Natural products utilizing VESIsorb® have historically set the benchmark for delivering superior
absorption and blood plasma levels that allow the body to use more of the active ingredients. This
provides confidence that health conscious consumers will receive the maximum benefits from the key
ingredients found in our products.” - Dr. Barty Ritz. Nestlé Health Science

Questions of interpretation on the Novel Food Regulation -

Topic Spermidine

20. June 2022 by Jakob Hiitthaler-Brandauer /n Life Sciences

Reference for a preliminary ruling from the LG Graz, Case C-141/22 - Questions of interpretation concerning the Novel
Food Regulation / Subject: Spermidine

The method relates to a food supplement comprising Spermidine, in which buckwheat seed germinates into sprouts a
hydroponics in a nutrient solution containing synthetic spermidine. After harvesting, the seedling is washed with wate
dried and ground into seedling meal. The production process does not produce more sprouts than seedlings are used.
The spermidine content of buckwheat seedling flour is 3.5 mg per gram.

The court referred the following questions to the ECJ:

1) Is Article 3(2)(a)(iv) of Regulation (EU) 2015/2283 to be interpreted as meaning that "high spermidine buckwheat
seedling flour" constitutes a novel food, provided that only buckwheat seedling flour with a non-increased spermidine
content has been used to a significant extent for human consumption in the European Union before 15 May 1997 or ha:
a history of use as a safe food thereafter, irrespective of how the spermidine enters the buckwheat seedling flour?

2) If the answer to Question 1is in the negative, is Article 3(2)(a)(vii) of Regulation 2015/2283 to be interpreted as
meaning that the term 'food manufacturing process' also includes processes in primary production?

3) If the answer to Question 2 is in the affirmative, does the question of the novelty of a manufacturing process within
the meaning of Article 3(2)(a)(vii) of Regulation 2015/2283 depend on whether the manufacturing process itself has
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Do novel foods have to be safe?

Novel foods must be subject to a uniform safety assessment before they can be placed on the market in the EU. Novel foods must not
pose a risk to the consumer and must not be misleading. Furthermore, they must not differ from the conventional foods and food
ingredients they are intended to replace in such a way that their normal consumption would result in nutritional deficiencies for the
consumetr.

What is not covered by the Novel Food Regulation?

Food additives, food flavourings, food enzymes, genetically modified food and extraction solvents for the production of food are not
novel foods, as they are subject to their own legal regulations (according to Article 2, para. 2).

Clarification of Novel Food Status

The food business operator is responsible for verifying whether the food to be placed on the market is a novel food. To clarify the Novel
Food status, it is recommended to consult the Union list (Implementing Regulation (EU) 2017/2470 as amended consolidated version) as
well as the Novel Food Catalogue of the European Commission. The Novel Food Catalogue of the European Commission provides
information on the Novel Food status of foods and ingredients. Since 01 January 2018 there is the Union list, a positive list in which all
approved Novel Foods are listed. If a Novel Food is already listed in the Union list, it can be placed on the market under compliance with
the conditions of use and specifications. Another aid for clarifying the Novel Food status are the German Substance Lists, which are
intended to provide an overview of the use of plants and fungi in foodstuffs.

For determining the criterion "significant consumption before 15 May 1997", the guideline "human consumption to a significant
degree" published by the European Commission is used.

In case of existing uncertainty as to whether the food is an unauthorised novel food, the food business operator may consult the
competent authority of the Member State in which the potentially novel food is to be placed on the market first (= Consultation
procedure according to Article 4 of Novel Food Regulation (EU) 2015/2283).



https://ec.europa.eu/food/safety/novel_food/catalogue/search/public/index.cfm
https://ec.europa.eu/food/safety/novel_food/authorisations/union-list-novel-foods_en
https://www.bvl.bund.de/DE/Arbeitsbereiche/01_Lebensmittel/01_Aufgaben/07_Stofflisten/lm_stofflisten_node.html
https://ec.europa.eu/food/system/files_en?file=2016-10/novel-food_guidance_human-consumption_en.pdf
https://ec.europa.eu/food/system/files_en?file=2016-10/novel-food_guidance_human-consumption_en.pdf
https://eur-lex.europa.eu/legal-content/DE/TXT/?uri=CELEX%3A32018R0456
https://eur-lex.europa.eu/legal-content/DE/TXT/?uri=CELEX%3A32018R0456

Novel foods because of processing technologies

\
@ Ensure food safety
Novel Food Processing Technologies 1

Improved shelf life

Thermal Electro-magnetic Biotechnological Mechanical

Combination



Authorisation process

unverziglich

Mitgliedstaaten
Antragsteller :

Offentlichkeit

.= 7 Monate
Kommission

optional =
9 Monate + X

1Monat |

Durchftihrungsrechtsakt
Eintrag in Unionsliste

adaptiert nach BVL



Notification of a traditional food from third countries

There is facilitated market access into the EU for traditional foods from third countries. However a safe
history of use of at least 25 years outside the EU has to be proven. But this only applies to plants, animals,
micro-organisms, fungi, algae and cell and tissue cultures.

If there are no objections to the notification of the traditional food, it is entered on the Union list by means of
an implementing act. In case of safety concerns, an authorisation procedure with shorter deadlines is
possible (Article 16). EFSA has also published guidance on the notification of traditional foods from third
countries. The procedure for notification of a traditional food is regulated in the Implementing

Regulation (EU) 2017/2468. Currently ongoing applications for authorisation of a novel food as well as a
traditional food from third countries can be viewed online at the European Commission.

Antragsteller ﬁ

Mitgliedstaaten

Kommission UndIEESA
begriindete 4 4 Monate
Einwande?
nein
Durchfiihrungsrechtsakt o

verfahren
moglich
adaptiert nach BVL

Eintrag in Unionsliste


https://www.efsa.europa.eu/en/efsajournal/pub/6557
https://eur-lex.europa.eu/legal-content/DE/TXT/?uri=CELEX:32017R2468
https://eur-lex.europa.eu/legal-content/DE/TXT/?uri=CELEX:32017R2468
https://ec.europa.eu/food/safety/novel_food/authorisations/summary-applications-and-notifications_en

Examples, Stevia

Stevia

Historical Background:

Stevia has been used over centuries by
the Guarani people of Brazil and Paraguay, who
called it ka'a he'é ("sweet herb"), to sweeten the
local yerba mate tea, as medicine, and as a "sweet
treat”

In 1899, botanist Moisés Santiago Bertoni first
described the plant as growing in eastern
Paraguay, and observed its sweet taste.

In 1931, chemists M Bridel and R Lavielle

isolated the glycosides stevioside and
rebaudioside that give the leaves their sweet taste.
The exact structures of the aglycone steviol and its
glycosides were published in 1955.

OH

Novelty

In 1991, the FDA refused to approve stevia as a sweetener as an additive in foods.
However, in 2008, after the purification process was developed and patented by Coca-
Cola, the FDA approved the stevia extracts as GRAS.

* Based on the JECFA (Joint Expert Committee on Food Additives) declaration, safe
consumption of steviol glycosides for humans is determined to be 4 mg per kg body
weight per day.

* It was also agreed by the European Commission in 2011 for use in food in European
countries. Steviol glycosides have also been accepted in the US as GRAS (Generally
Recognized as Safe).

+ Stevia leaf and raw extracts are not treated as GRAS and their import into the US is
not allowed for usage as sweeteners. Nutrition, Center for Food Safety and Applied (9
February2019). "Additional Information about High-Intensity Sweeteners Permitted for
Use in Food in the United States". FDA.

* Note:
Stevioside was found to be nontoxic in acute toxicity studies.



Lycopin

Lycopin - Herstellung

o

Mit Hilfe spezieller, lebensmittelrechtlich zugelassener
Losungsmittel wird Lycopin aus Tomaten (Lycopersicon
esculentum L.) extrahiert. Ein Kilogramm Tomaten enthilt etwa 20
mg Lycopin.

Haufiger als der isolierte Farbstoff wird Tomaten-Extrakt eingesetzt.
Er gilt, wenn nicht der enthaltene Anteil Lycopin gezielt erhdht
wurde, als farbendes Lebensmittel. Wenngleich Tomaten-Extrakt
keine E-Nummer tragt, ist er doch in der Zutatenliste aufgefiihrt.

Lycopin kann auch chemisch-synthetisch hergestellt werden.
GemaR einer Stellungnahme des Wissenschaftlichen
Lebensmittelausschusses der EU vom Dezember 1999 darf
synthetisches Lycopin jedoch nicht als Zusatzstoff eingesetzt
werden (SCF/CS/ADD/COL/160 Final). Dies wird damit begriindet,
dass das synthetische Praparat anders als das durch Extraktion
gewonnene zusammengesetzt sei und entsprechende
toxikologische Untersuchungen bisher fehlten.



LM ethnic

2.7 Produkte aus fremden Kulturkreisen

O Noni-Saft (Fruchtsaft aus Morinda citrifolia)
« Taxonomie, traditionelle Verwendung
+ Herstellung und Verwendungszweck
« Wirkungsbehauptungen
+ Sicherheitsbewertung von Noni-Saft

O Nangai-Nusse (Canarium indicum L.) aus sudpazifischen
Anbau
« Taxonomie, traditionelle Verwendung
+ Sicherheitsbewertung von Nangai-Nussen

» Entscheidung der Kommission vom 19. Dezember 2000 zum Verbot
des Inverkehrbringens von ,Nangaintssen” als neuartiges
Lebensmittel

Sicherheitsbewertung

In seiner Stellungnahme vom 4. Dezember 2002 war der SCF zu der Auffassung
gelangt, dass Tahitian Noni®-Saft in den beobachteten Verzehrsmengen akzeptabel
ist.

Die EFSA hat am 6. September 2006 erneut die Sicherheit von Noni-Saft bewertet,
Sie war von der Europaischen Kommission um eine wissenschaftliche
Stellungnahme gebeten worden, Sie solite bewerten, ob die berichteten Falle von
akuter Hepatitis einen Einfluss auf die Sicherheit von Noni-Saft haben wiirden.

Noni-Saft ist seit 2003 als neuartiges Lebensmittel zugelassen, vermarktet zu
werden. Das NDA-Gremium der EFSA kam zu dem Ergebnis, dass es keine
schlissigen Beweise fiir einen kausalen Zusammenhang zwischen der in den
berichteten Fallen beobachteten akuten Hepatitis und dem Verzehr von Noni-Saft
gibt,

Unter Beriicksichtigung der verflgbaren Informationen ist es unwahrscheinlich,
dass der Verzehr von Noni-Saft in den festgestellten Verzehrsmengen unerwiinschte
Nebenwirkungen auf die menschliche Leber auslosen konnte,



Baobab

P 4 Baobab-Fruchtfleisch

Taxonomie, traditionelle Verwendung

9 Der Baobab, Adansonia digitata Linné (1753), wird zur Familie der
Bombacaceae (Wollbaumgewachse) gezahlt, Haufig wird er auch als

Affenbrotbaum bezeichnet, da die Frachte gern von Affen gefressen
werden.

J Frochte und auch andere Teile (Samen, Wurzeln, Blatter, Bluten und
Rinde) des Affenbrotbaumes werden von der afrikanischen
Bevolkerung traditionell vielseitig verwendet.

Sicherheitsbewertung

Antragsteller hat die traditionelle Verwendung durch Informationen aus
der publizierten Literatur sowie aus gezielten Befragungen belegt.

Es sind - abgesehen von einem laxierenden Effekt bei hohen

Aufnahmemengen — keine schadlichen Wirkungen durch Verzehr von
getrocknetem Baobab-Fruchtfleisch bekannt geworden.

Aufgrund der langjahrigen Lebensmitteltradition von Baobab-Friichten
auBlerhalb Europas halt der Antragsteller die Sicherheit des Verzehrs von
Baobab-Frlchten fir belegt und weiterfihrende Studien zur
Vertraglichkeit und Toxizitat nicht far erforderlich.

Die zustandige Lebensmittelprifstelle des Vereinigten Kénigreiches kam
in ihrem Bericht vom 12.7.2007 zu dem Schluss, das getrock-netes
Baobab-Fruchtfleisch in den vorgeschlagenen Verwendungs-mengen fir
den menschlichen Verzehr unbedenklich ist.

The following facts should be taken into consideration:

2 Analytical/compositional and nutritional characteristics of
the novel food (including its fate in biological systems);

2 Previous history of human exposure;

2 Expected applications as a novel food and the predicted
exposure,

2 Necessity, appropriateness and outcome of animal studies
and studies in humans;

2 Necessity and outcome of post-launch monitoring



Novel Food Catalogue

http://ec.europa.eu/food/food/biotechnology/novelfood/nfnetweb/mod search/index.cfm

* lists products of plant and animal origin and other substances subject to the Novel Food Regulation, after EU
countries and the Commission agree in the Novel Food Working Group.

* non-exhaustive, and serves as orientation on whether a product will need authorisation under the Novel Food
Regulation.

* EU countries may restrict the marketing of a product through specific legislation. For information, businesses should
address their national authorities.

* In some cases, it shows EU countries' history of use of food supplements and ingredients used exclusively in food
supplements.

* |If foods and/or food ingredients were used exclusively in food supplements, new uses in other foods require
authorisation under the Novel Food Regulation.


http://ec.europa.eu/food/food/biotechnology/novelfood/nfnetweb/mod_search/index.cfm

Authorisations of novel foods and novel food ingredients by Commission Decisions
” the placing on the market of...as a novel food ingredient”

2013
* zeaxanthin
* an extension of use of Chia ( Salvia hispanica ) seed

2012

* bovine lactoferrin

* dihydrocapsiate

*  Gamma-Cyclodextrin

* novel chewing gum base

2011

* novel chewing gum base

* yeast beta-glucans

* Phosphatidylserine from soya phospholipids

* fermented black bean extract

* phosphated maize starch

e Chromium Picolinate

* chitin-glucan from Aspergillus niger

* mycelial extract from Lentinula edodes (Shiitake mushroom)
*  Chromium Picolinate ingredient

* afish (Sardinops sagax) peptide product

* achitin-glucan from Aspergillus niger

* amycelial extract from Lentinula edodes (Shiitake mushroom)



2010

* ferrous ammonium phosphate

* Ferric Sodium EDTA

* puree and concentrate of the fruits of Morinda citrifolia (Noni)

2009

* Chia seed (Salvia hispanica)

* aleaf extract from Lucerne (Medicago sativa) sinimailanen
* the uses of algal oil from the micro-algae Schizochytrium sp.
* the uses of algal oil from the micro-algae Ulkenia sp.

* alipid extract from Antarctic Krill Euphausia superba

* lycopene

* lycopene from Blakeslea trispora

* lycopene oleoresin from tomatoes

* lycopene as a novel food ingredient

* |ce Structuring Protein type IIl HPLC 12

* Vitamin K2 (menaquinone) from Bacillus subtilis natto

2008

* leaves of Morinda citrifolia (Noni)

* arachidonic acid-rich oil from Mortierella alpina (belong to soil fungi)

* Baobab dried fruit pulp (a tree native to Africa, Australia, Madagaskar, Arabian Peninsula)

* allanblackia seed oil (flowering plant in the Clusiaceae family, African)

* refined echium oil (a genus of 60 species of flowering plant in the family Boraginaceae. Native to North Africa,
mainland Europe and the Macaronesian islands)

* alpha-cyclodextrin

* rice drinks with added phytosterols/phytostanols (Teriaka Ltd)



2006-2007

* oil enriched with phytosterols/phytostanols

* diacylglycerol oil of plant origin

* lycopene from Blakeslea trispora

* rapeseed oil high in unsaponifiable matter

*  maize-germ oil high in unsaponifiable matter”

* foods and food ingredients derived from genetically modified maize line MON 863

* rye bread with added phytosterols/phytostanols (Fazer, Pharmaconsult)

* foods and food ingredients produced from genetically modified Roundup Ready maize line GA21

2004-2005

* isomaltulose

* foods and food ingredients derived from genetically modified maize line NK 603

* milk based beverages with added phytosterols/phytostanols

* sweet corn from genetically modified maize line Bt11

* yellow fat spreads, milk based fruit drinks, yoghurt type products and cheese type products with added
phytosterols/phytostanols (Teriaka Ltd)

* milk type products and yoghurt type products with added phytosterol esters

» yellow fat spreads, milk type products, yoghurt type products, and spicy sauces with added phytosterols/phytostanols
(Pharmaconsult Oy Ltd. (formerly MultiBene Health Oy Ltd))

* yellow fat spreads, salad dressings, milk type products, fermented milk type products, soya drinks and cheese type
products with added phytosterols/phytostanols

2000-2003

*  Salatrim

e oil richin DHA

*  'nonijuice’

* coagulated potato proteins and hydrolysates thereof

* dextran preparation produced by Leuconostoc mesenteroides.

* pasteurised fruit-based preparations produced using high-pressure pasteurisation.
* trehalose

* "yellow fat spreads with added phytocolesterol esters"

*  "phospholipides from egg yolk"



Refusals of authorisation of novel foods and novel food ingredients by Commission
Decisions

2000-2005
* Betaine

* "Nangai nuts" Canarium indicum L (dried seed kernels)
http://old.eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2001:004:0035:0035:EN:PDF

» Stevia rebaudiana Bertoni plants and dried leaves
http://old.eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2000:061:0014:0014:EN:PDF

Note! Usage of steviol glycosides from leaf extracts as sweeteners has been accepted (since 2.12.2011, EU food
additive legislation)


http://old.eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2001:004:0035:0035:EN:PDF
http://old.eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2000:061:0014:0014:EN:PDF

Points to consider (from Hermann M. The impact of the European Novel Food Regulation on trade and food innovation based on
traditional plant foods from developing countries. Food Policy 34 (2009) 499-507.)

*  Market access outside EU (many of the novel foods available in Canada, USA,
Switzerland and Japan), re-directing of the marketing due to restrictions in Europe?

* Importance of traditional exotic foods to the economics of poor countries and to the diet
diversification among EU consumers? The regulation is critized being a non-tariff trade barrier for
food that is “exotic” from the EU perspective.

*  Would separate categories be needed for exotic traditional foods and “true” novel, innovative
foods with no long-term consumption outside the EU?

- Now extensive data is required of composition, nutritional aspects, intake, toxicology
and allergenic potential, also for products that are generally regarded as safe (GRAS) outside the EU

- Are the requirements even stricter than those required for accepted traditional
European foods?

- Are the scientific requirements proportionate to the potential risks they pose?

- Currently, the history of safe use outside the EU is not considered - should traditional
knowledge be admitted for food safety assessment?

- Lack of peer-reviewed publications, lack of data from certified laboratories — should
be taken into account in project design, product development and trade promotion

- Traditional knowledge from the local people should be used.

*  Would the potato be authorized nowadays (glycoalcaloids)? Wheat (gluten)?



USA, FDA : no regulatons define Novel foods

How are Novel Foods defined by the Food and Drug Administration?

The United States of America [USA] has different regulatory classification systems and pre-market approval
processes. In the United States, no regulation defines “Novel Foods”; however, any new food ingredient is
considered either as a food additive or Generally Recognized as Safe (GRAS).

A food additive is any substance that is reasonably expected to become a component of food either directly or
indirectly; these require pre-market approval. In this case, the applicant needs to submit a Food Additive
Petition [FAP] to the USA Food and Drug Administration (FDAJ. A food additive is any substance that is
reasonably expected to become a component of food either directly or indirectly; these require pre-market
approval. In this case, the applicant needs to submit a Food Additive Petition (FAP] to the US FDA.

GRAS substances, on the other hand, are exempted from the definition of “food additive” and instead are
defined as “substances that are generally recognized, among experts qualified by scientific training and
experience to evaluate their safety as having been adequately shown through scientific procedures to be safe
under the conditions of their intended use.”



Nutrition, disease prevention
-unctional foods, additives
nealth claim regulation

UR FOOD SHOULD
UR MEDICINE

O Lebensmittel vs. Arzneimittel?

+ Bel Pflanzen-Extrakten grof3e kulturelle Unterschiede in den
Mitgliedstaaten der EU
Lander mit langer Tradition, aber sehr unterschiedlichen
Handhabungen (pos. vs neg. Liste, LM vs. AZM)
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. _ Das Heilwissen der ArF
O Neuartig (Novel Food) oder nicht? HL.HILDEGARD \§

« Vielfaltige und nicht konsistente Interpretation sowohl auf VON BINGEN

Mitgliedstaaten als auch EU-Ebene

* Folge =  groRe Unsicherheiten,
eingeschrankte
Entwicklungsmaéglichkeiten



Food or medicine ?

Entscheidungsbaum zur Einstufung von ,Pflanzen und Pflanzenteile® (,Botanicals®) in die Kategorien

.Lebensmittel®, ,Arzneistoff* und ,Neuartige Lebensmittel(zutaten)"

—

3. Ist bei dem Stoff zur
Gewahrieistung der
Sicherheit eine Be-
schrankung der Auf-

nahme/ 4
erforderiich ?

1. Llegen belastbare Hinweise

fiir eine Verwendung des Stoffes in
nennenswertem Umfang fur den menschlichen
Verzehr als Lebensmittel/Lebensmittelzutat

in der EU vor dem 15. Mai 1987 vor?

il

2. Ist der Stoff auch als

Arzneistoff (AS) bekannt 7

\El

4.Ist tur den Stoff eine
pharmakologische Wirk
beschrieben (z.8. Aufbe-

reitungsmonografie) 7

1:@

ClHIlILSC L s MG WY RTWAVITIIOSC

6. Ist der Stoff ein ublicher
Arzneistoff (AS) ?
IIJ/
7. Ist der Stoff verschreibungs-
oder apothekenpflichtig 8. Gehen von dem Stoff
und/oder sind Risiken ‘belegte Risiken aus 7
bolggg?

_Ja™ |
5. Liegt eine Dosierung vw
fur die eine MIW

Wirkung belegt ist?

8. Liegt eine Dosierung vor,
fur die eine pharmakologische
Wirkung belegt ist?

S

b‘/

Nein / nichit




Kennzeichnung
claims

Regional
differences

' Europe ® | Japan

Nutrition claims Nutrient function claims

Health claims FOSHU

Functional food
products

Reduction of disease risk claims '\ Reduction of disease risk claims

%:Uﬂited States

Nulrient content claims Health claims

Functional
fOOd [ RS
products i FOSHY

2 FNuzricnl function claims

Nutrition



Regional differences

Content Structure/Function Health

! ! !

‘Nutrient content claims’ ‘Structure/function claims’ ‘Health claims’

¢ N

‘Authorized *Qualified
health claims’  health claims’

¢ N

‘SSA health claims’  ‘FDMA health claims’

Japanese claims

Food with health claims Food for special dietary uses
Food with nutrient Food with specified Claims for special dietary use
Jfunction claims health uses (FOSHU)

(health claims)

VAR

Regular/ordinary  Qualified  Standardized  Reduction of disease risk FOSHU
FOSHU FOSHU FOSHU

(reduction of disease risk claims)

European claims

Content

!

‘Nutrition claims’

N\

Content claims Comparative claims

Function

!

Health claims

| N

‘Health claims’ ‘Reduction of

disease risk claims'

Claims growth and



Health claim regulation

MAIN CRITERIA OF HEALTH CLAIMS REGULATION

N : Reg. (EC) No 1924/2006
« Authorization of health claims in the EU is based on a scientific
assessment following the highest possible standards.

Consumer protection, fair competitiveness and innovation

’ EFSA assessment

Scientific substantiation requires a favourable outcome in ALL

“Characterization of the food/constituent”

“Claimed effect defined and beneficial”

“Substantiation: human data are central”




Health claim classification

Generally
accepted
scientific
evidence

Art.13.5 Art.14

Reduction of
disease
d Ner"pvgd Risk
evelo :
scientific data / de\(u'::lg:mn:l:f &
proprietary data

health




Examples 13.1

FAVORABLE HEALTH CLAIMS (ART 13.1)

Out of 421 IDs related to this area: 42 with favourable outcomes

v" 14 related to immune function (essential nutrients i.e.: copper, folate,
iron, selenium, vit D, A, B12, B6, C, and zinc)

v" 15 related to Gl function

» 10 bowel function (e.g. dried prune, lactulose, wheat bran fibre,
rye fibre, oat and barley grain fibre)

» 4 Gl discomfort caused by lactose intake in lactose intolerant (e.g.
foods with reduced lactose content)

» 1 reduction of intestinal gas accumulation (e.g. Activated charcoal)
v" 13 related to absorption/digestion

» 7 Absorption of micronutrients (e.g. Vit C, D, meat or fish, fats)

» 2 Digestion (e.g. Ca, chloride)

» 4 lactose digestion:

(i.e. lactase, live yoghurt cultures)




Examples 13.5

FAVORABLE HEALTH CLAIMS (ART 13.5, 14)
|
‘Of 155 applications related to this area (07/2015):

v 7 applications under evaluation or validation
v 90 applications withdrawn during the evaluation
v" 58 applications with opinions adopted/published
v"1 with the food not characterised
v'5 with insufficient evidence
v' 45 with cause and effect relationship not established
v'7 with favourable outcomes:
» 3 Immune system (e.g. Vitamin D, Zinc)
» 3 bowel function (i.e. sugar beet fibre)
chicory inulin, hydroxyanthracene derv.)
» 1 Absorption of micronutrient (e.g. Vitamin C

-



Problems of gut immune claims ( eg
propiotoics

© efsam Lessons rrom experience witn T1irst patcn or ciaims

T-IMMUNE CLAIMS (2011)

b Y Lack of characterization a major reason for
> unfavourable opinions (Art 13.1)

B Non-characterised
microorganisms
(80%)

M Others related to
microorganisms
(20%)

Not just a recommendation as in the past
(Joint FAO/WHQO Working Group Report on Drafting Guidelines for the Evaluation of
Probiotics in Food London, Ontario, Canada, April 30 and May 1, 2002)



European Food Salety Authority

of Antibiotic-Associated Diarrhea
A Systematic Review and Meta-analysis

Susanne Hempel, PhD Context Probiotics are live microorganisms intended to confer a health benefit when

Sydne J. Newberry, PhD consumed. One condition for which probiotics have been advocated is the diarrhea
Alicia R. Maher. MD that is a common adverse effect of antibiotic use.

The main limitatiops

to this result are residual unexplai General pUb“c health

heterogeneity, poor documentatio .

the probiotic strains, and lack ol recommendatlons
sessment ol probiotic-specific adv #

events.

Conclusions The pooled evidence sug Commercial promotion of a

4 reduction in AAD. More research is need brand/propietary strain

ciated with the greatest efficacy and fc through claims
antibiotics.

JAMA. 2012;307(18):1959-1969 WWW.jama.com




New developmements

" efsam EFSA update on claims guidance

o by bty

Characterization

* Move to the general guidance on claims

» New molecular tools added according to the state-of-art
(multilocus sequence typing, optical mapping, whole-
genome sequencing, etc.). Open list to others.

* |ndigenous human bacteria (called “next generation probiotics”)
can be considered novel foods (Regulation EU 2015/2283).
Section 9 of EFSA guidance relates to taxonomic and safety
evaluation (under revision).



Spermidine

Scientific output

Scientific Opinion on the substantiation of health claims related to spermidine and contribution to normal hair growth (ID 1705) pursuant to Article 13(1) of
Regulation (EC) No 1924/2006

.. Opinion on the substantiation of health claims related to spermidine and contribution to normal hair growth (ID 1705) ... 10.2903/].efsa.2011.2265 2265 Fri, 04/08/2011 -
12:00 Spermidine , hair growth, health claims European Commission ...

Published: 30 June 2011

Scientific output

Scientific Opinion on the substantiation of a health claim related to spermidine and prolongation of the growing phase (anagen) of the hair cycle pursuant to
Article 13(5) of Regulation (EC) No 1924/2006

... Opinion on the substantiation of a health claim related to spermidine and prolongation of the growing phase (anagen) of ... 10.2903/].efsa.2011.2466 2466 Wed, 11/23/2011 -
12:00 Spermidine, hair cycle, anagen, health claims Competent ...

Published: 7 December 2011

Scientific output

Response to comments on the Scientific Opinion on the substantiation of a health claim related to spermidine and prolongation of the growing phase (anagen) of
the hair cycle pursuant to Article 13(5) of Regulation (EC) No 1924/2006

.. Opinion on the substantiation of a health claim related to spermidine and prolongation of the growing phase (anagen) of ... 10.2903/sp.efsa.2012.EN-309 EN-309 Fri,
06/29/2012 - 12:00 Spermidine , hair, health claims, comments European ...



Personalisation and novel foods
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Highly different personal responses to diets, eg post- prandial
glycemic responses, explanations 7

»What explains the variability in people's response to the same food?"
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GWAS : SNPs, common variants have often only moderate
effects; in different metabolic areas

What Is Variation in the Genome? Health or Diseasa?
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despite low penetrance of SNPs,
D-T-C genetic testing for nutritional advice

For diseases controlled by 1000 loci of mean relative

J“,,L f‘l %%E.":"‘E P = risk of only 1.04, a case-control study with 10,000
cases and controls can lead to selection of ~75 loci But:
AR ok otiotye St ey Chatiol o0k T that explain >50% of the genetic variance. The 5% of :
koAt N = people with the highest predicted risk are three to FTO+MC4R : 1.7 %

i e e T seven times more likely to sgffer the disea§§ than the increase in fat mass

population average, depending on heritability and o
disease prevalence. Whether an individual with known
genetic risk develops the disease depends on known
and unknown environmental factors.
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Missing heritability: what is missing to understand a
phenotype: gene- environment interactions,
epigenetics, reversibility
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Epigenetic differences arise during the lifetime
of monozygotic twins
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Epigenetics mechanisms, Interactions,
early imprinting

+ VRaminDtatus : Neonatal and infant nutrition
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nylation, Epigenetic clock,
ect C.R., nutrition

Extrinsic
Epigenetic Age

1 Insulin & glucose
1 C-reactive protain
1 BAI & Waist-lo-fup rati
1 Trglycerides

1 Systolic blood pressaine
| HDL cholesatorol

1%

1 Fruits & vegetables
| Moderate nicobol

1 Eduction 3 inuome
| Exercise

1 Poultry
& &
Figure 4. Pictorial summary of our main findings. The blue and red arrows depict antl-
aging and pro-aging effects in blood respectively. The two diocks symbolize the extrinsic

epigenetic clock (enhanced version of the Hanoum estemate) and the Intrinsic epigenetic dock
(Horvath 20113) which are dependent and independent of Hlood celf county, respectively.
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Nutrition: central importance Epigenetic histone-mediated
regulation: e.g. C.R. regulate sirts, (HDACs; do all benefit from a
SIRT diet ?

NUCLEOSOME

i) SIRTUIN HISTONE TARGETS

’ 1
Ananaal. Al Rienah: | MaAKaA AANEE A~ ey  HAKIRA el ey TRSRLEND £ (it
M 0 1) ~\".’. \ \?._, N
i -
Rel xation )

5 n o > - B
CHROMATIN ' ABNEHMEN MlT#.

alr eris
Condensation Related Gepes
3 3 Y y
of s -
alat nes elnted Gene

Gntln« mmmm




Epigenetic miRNAs: food borne and
regulators and markers of metabolic
mechanisms, phenotypes, disorders

@PLOS ONE

FESEARCH ARTICLE

Dietary MicroRNA Database (DMD): An

Archive Database and Analytic Tool for Food-

Borne microRNAs

Kevin Criang', Sang Shu'. Janos Zemplent”, Jusn Gul'*
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High Individual diversity of gut microbiota reflects
nutrition and lifestyle , results in different expression of
metabolites esp. SCFAs

L] _ ‘_
Most abendant genera & species in relation to food type & BMI Y
.sk A s
Intestinal microbiome
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highly personal different responses of microbiota
to diets, (crossfeedinG) and metabolisation of
foods
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Correlation of microbiota structure with
Glycemic responses used for algorithms for
dietary advice

Beispiel - Personalized Nutrition by Prediction of Glycemic Responses

David Zeevi, 2016
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Israeli Startup DayTwo Offers
Personalized Nutrition

Globes
By Gall Waldreb . Novermber 02. 20156
Eran Elinav and Eran Segal,
Weizmann Institute of monitoring
the blood sugar, diets, and other
traits of 800 people, they built an
algorithm that can accurately
predict how a person's blood-sugar
levels will spike after eating any
given meal.
They also used these personalized
predictions to develop tailored
dietary plans for keeping blood
sugar in check.
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http://www.weizmann.ac.il/immunology/elinav/
http://www.wisdom.weizmann.ac.il/~/eran/
http://www.cell.com/abstract/S0092-8674(15)01481-6
http://www.cell.com/abstract/S0092-8674(15)01481-6

So, Genetic and microbiota analysis for personal dietary plans, But of
central importance are Interactions microbiota with epigenetic System;
host gut interactions e.g. in C.R., Fasting (fasting Mimetics)

Cell Metabolism

Functional Gut Microbiota Remodeling Contributes
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Personal different responses to nutriton affect aging, e.g. clock and
other hallmarks of aging. this results in personal types of aging,
ageotypes ?

Immunity pathways (88)
(C20; CL1; M2; P7; T59)

Figure 4. Pictorial summary of our main findings. The blue and red arrows depict antl-
aging and pro-aging effects in blood respectively. The two docks symbolize the extrinsic
epigenetic clock (enhanced version of the Hanoum estmate) and the Intrinsic epigenetic dock

Liver dys-
function (40) ‘
(C13; CL1; M2; P6; T18)

Metabolism and
Inflammation (32)

(C7: CL1; MO; P15; T9)

Personal aging markers and ageotypes revealed
by deep longitudinal profiling
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Faces of personal aging: correlations of age
with telomers, CPG-methylation,
inflammation, mirnas( n>500)

T8 Correlation age with telomere-shortening
, *'z.‘t
' : Correlation age with CPG methylation ASPA
. |l i b
Maer |} 1 - ; !;\»ﬁ,;‘“-“— =

i | Vf’«ax“ Correlation age with CPG methylation IL6

... ... - Correlation age with miRNA-127
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Conclusion: Complex diseases ( Aging) can arise from (a mixture of)
personal diverse causes, an argument in favor of personally specific
interventions ( e.g. metabolic disease )
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Consequences for

Intervention: Flagship E

Food4me study results prove , personal nutr
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Does personalised nutrition work?
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Definition of metabotypes from genetic-, microbiota-
metabolomics based information, Metabotyping

Medication
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Dalivery of targeted advice

Dietary advice tailored to the
metabotype

AG Haslberger
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Evaluation of the Metabotype Concept Identified in an Irish
Population in the German KORA Cohort Study

Anna Reegl, Elaine Mllesheim, Nina Wawro, Thnsta Mesinger, Annerte Pecers. Michael Roden, Flonan
Kranerderg, Chrstian Heeder, Wolfgang Rathmann, Henry Volzke, Marin Rencke .., 5ee all authors «
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Nutrition & Metabolisim

Optimisation of a metabotype approach =
to deliver targeted dietary advice
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Consequences of Metabotypes, diets
next step trackers

Spectrum of Possibilities for Human Metabolism

S Y M0 Sk AN )
L T e L) Nutrition & Metabolisim

' ' Optimisation of a metabotype approach =X
Carho Types Mixed Types Protein Types to deliver targeted dietary advice
Increasing need for Carbohydrates Relatively balanced need for Increasing need for Proteins,
Decreasing need for Proteins, Carbohydrates, Proteins, Fats & Purines  Fats & Purines
Fats & Purines Decreasing need for Carbohydrates

< < < < < > > > > >

(arbo Type Characteristics: Mixed Types: Protein Type Characteristics:

* Casval relationship with food (an identify with some * Infense relationship with food -

* Skipping a meal is vsually nol @ characteristics of beth loves fo eat & fends to eat fast
big deal . * Skipping @ meal IS a big deal

* Needs high quality Vegetable Carbo ypes & Protei * Needs some high quality animal

and /ot Fruit nutrition af their Types - but, typically Protein & Fot af every meal fo
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Personalisation of additives for Prevention
Monitoring basic hallmarks of health/aging. Use of mixes of supplements,
functional foods which address specific mechanisms ,Achilles Fersen
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And what happens to the nutrition pyramide? But already the dietary
reference values1992 US USDA-Pyramide, used an individualised

2024

approach, age, lifestyle (work)
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35 s«»nm'x 2-4 Servingy

Brvad, Cereal,

Rice, & Pasta
Group

611 Servings

Key (The symbols show fats and added sugars in foods):
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Anatomy of MyPyramid

One size doesn’s fit all
SIS new My Pyrumad symix

Activity —
Activity Is repeesented by the steps and the
person dienbizg them, as 3 reminder of the
impartance of daily physical activity.

Maoderation —_
Moderation is represented by the
narrowing of each food groap from

Bottom 1o top. The wider base stands for
foods with litthe or no xolid fats or added
sugars. These should be selected more

often. The narruwer top area stands for
foods containang more added sogses and
solid fats. The more active vou arc, the

moee of these foods can ft into yoore diet

Personalization — J

Persanalizathon is shown by the person
un the steps, the slogan, and the URL
Find the kinds of amounts of food to eat
coch day at www. My Pyramid gov

»MyPyramid.gov

STEPSTO A IIF.'\I.I HIER YOU

versanallond appeoach to healtly cotieg aned physical sctivity, The symibal his boen destged 1o be simple. & bas
s Lo s bealthy food chakoes and 10 be active every day. The different parts of the symbol are describesd hebow,

Proportionality

Proportionality is shown by the
difierent widtha of the food group
bands. The widths suggest how mach
food a person should choose: froen each

“| group. The widths are just a general
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Prevention, intervention, Salutogenesis
personal or precision medicine, synonyme?
personal or precision nutrition, synonyme?

Precision vs Personalized Medicine...synonymous? . . s <
- Application of Molecular Medicine towards
PISNEA. TMIONA ity personalised treatment
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Precision, personalised nutrition,
where we are, where to go

Metagenomics

Personalized

studies

Epidemiological
application

New population advice?

Omics technologies

Bioinformatics tools

Interpretation

Functional foods Genetic tests

Valid biomarkers

General

recommendations

Internet tools

Fig. Achievements already made and challenges faced by personalised nutrition (Prasad et al., 2016)
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guidelines

Challenges

—e

AG Haslberger

Personalisierte Erndhrung und Einteilung/ Klassifizierung von me-
tabolischen Typen basierend auf genetischen, epigenetischen und
mikrobiologischen Analysen

Personalized nutrition and classification of metabolic types based
on genetics, epigenetics and gut microbiota

Stephanie Llja. Diana Gessner, Cheistina Schnitzler, Nicola Stephanou-Rieser,
Clidia Nichter|, Angetka Pointner, Elesa Tomeva, Marlene Remely, Alesander Hasberger

375



Precision-, persona
the way we

Nutrigenetic, nutrigenomic and nutriepigenetic
knowledge for actions

Z X

Age, gender, ethnicity

SNPs and other structural variants Physiopathological status
DNA methylation, histone Microbiome
modifications, and miRNA Nutrition (dietary intake,

expression absorption, transport, metabolism,
Gene expression profiles excretion)
Physical activity

¥

Precision

nutrition

¥

Disease risk prediction
Genotype- and phenotype-based personalized treatment
Therapy responsiveness
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Obesity
Dyslipidemia
NAFLD
cvD
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Cancer
Others

2024

ised nutrition,

may go

Mobile apps and wearable
devices facilitate real-time
assessment of dietary intake and
provide feedback which can
improve glycaemic control and
diabetes management.

By integrating these technologies
with big data analytics, precision
nutrition has the potential to
provide personalised nutrition
guidance for more effective
prevention and management of
complex metabolic diseases

(D. D. Wang & Hu, 2018).
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Prevention, intervention: personal precision
medicine, personal precision nutrition

2024

Precision vs Personalized Medicine...synonymous?

Objectives aging:

longevity,?

healthy life span ?
age related complex
diseases?

Precision Nutrition

AG Haslberger
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Analysis of molecular markers of different aging mechanisms and
functional foods adressing the personal hazard may contribute to a
personal, preventive health care, disease prevention, healthy aging

Application of Molecular Medicine towards
personalised treatment

Current health care Desirable health care
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The Paradigm Shift from Reactive to Predictive, Preventive and Personalized Medicine
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Epigenetic and Salutogenesis : the bridge between
scientific reductionism of markers and mechanisms and
the need address the entire person ?
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