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Novel Food
Haslberger SS 2021

Develoment in breeding and biotech
GVOs, CRISPR

Cloning and epigenetics

Foods, microbiota, the 1,S. and epigenetics, aging
Functional foods, pro, pre, syn, post biotics
Nutraceuticals

Fermenting foods, meat

Foods from new technologies

Ethnic foods

Nano in food industry

Regulations, Health claim, functional food,
Personalised Nutrition
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Nutrition, Foods , Health

Materials

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.
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Foods, functions, claims
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Novel food

« Foods and food ingredients
« with a new or intentionally modified primary
molecular structure (eg, fat substitutes);
« consisting of microorganisms, fungi or algae, or
c@l? be isolated from this (for example, microalgae
oil);
« consisting of plants or isolated (eg phytosterols),
and isolated from animals food ingredients.
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Supplements, NF, functional foods

FF

EFSA

Products contains nutifents garved rom
f00d products Mat are concentrated In
Faud or capaule fom

————
B - efsam

Europesn Food Sataty Authorty

i 1553 Fave been Sar
enicived of fortfied, 3 process cased

Functional [t i
food T

INTRODU(T\ON

* 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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Novel foods because of processing fechnologies

@ Ensure food safety

Novel Food Processing Technologies .

(\f Improved shelf life
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Nutraceuticals, Botanicals Biotechnology and Agriculture, development

Plant Selection

* Agriculture begins withthe
collectionand 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
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GREEN Revolution

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

Landraces, Diversity

Refers to the particular kinds of old
seed strains and varieties thatare
farmer-selected in areas where local

subsistence agriculture has long . ||""8?F'°"
prevailed. Landraces are highly . Fertilizers
adapted to specific locales or groups. . 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)

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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T. Malthus: 1766- 1834
Crisisin food production

oo oy

Puink of Crisis >
rEE

Malthus’ Basic Theory

Pflanzenziichtung
Breeding, yield, time for development

/ :,‘,,..‘.; ;',M
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Models for population growth and food security:
Pessimistic or Alarmist Theory
Malthus - 19th 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

Klassische Ztichtungsmethoden

Ausleseziichtung/Selektionsziichtung

d h
Kombinationszichtung.
never Genowo
Heterosisziichtung
R e
Kreuzt trittbei der F1
Hybridziichtung
werden bei
der

Fir den dies jedoch, wieder neu bezoge muss, wenn er den Ertragsvorteil
gegeniiber L da i i
Mutationsziichtung
Bei Kt

ausgesetztZ, umneue jclen, dieei Damitwird

dieziichtung never Sorten erheblich beschleunigt.


http://de.wikipedia.org/wiki/Genotyp
http://de.wikipedia.org/wiki/Genotyp
http://de.wikipedia.org/wiki/Fremdbefruchtung
http://de.wikipedia.org/wiki/Heterozygotie
http://de.wikipedia.org/wiki/Homozygotie
http://de.wikipedia.org/wiki/Inzuchtlinie
http://de.wikipedia.org/wiki/Heterosis-Effekt
http://de.wikipedia.org/wiki/Pflanzenz%C3%BCchtung#cite_note-1
http://de.wikipedia.org/wiki/Heterosiseffekt
http://de.wikipedia.org/wiki/Landwirt
http://de.wikipedia.org/wiki/R%C3%B6ntgenstrahlung
http://de.wikipedia.org/wiki/Neutronenstrahlung
http://de.wikipedia.org/wiki/Mutagen
http://de.wikipedia.org/wiki/Pflanzenz%C3%BCchtung#cite_note-2
http://de.wikipedia.org/wiki/Mutation
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Hybridzlchtung, Heterosis

» Three Main Principles

o Inbreeding

o Hybridization

o Heterosis

= Main Goals

Increase the homozygosity at all or specific loci
in the plant genome
Produce a plant which breeds true
Produce uniform plants

-3-4-000%

i

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

Hybrid: Heterosis effect

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

The heterosis effect makes the hybrid pigs better than the average of the parents. The traits with thel

lovier heritability showthe largest haterosis effect. This is particularly trus for fertility, mothering
abilities and body structure, which have = low heritability.

Average of
D """ El""pareﬂts

Breed A AxB BreedB
Haterosis Effect

IAEA

Why Radiation Induced Mutation?
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Irradiator at Institute of
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Tissue culture , Clones ?
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Mutation breeding
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Somaclonal variation

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




Breeding using transposons

Ein Transposon ist ein DNA-Abschnitt bestimmter Lange im Genom, der seine
Position im Genom verdndern 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-lI-Transposon).

Isterrapred
DA secuence

7

Transposon

_
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Molecular marker directed breeding
‘Welcome to Innovative Methods for Rice Breeding - Combining
Participatory Plant Breeding (PPB) with Molecular Marker Techniques
”
31
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Transposon tagging

The molecularisolation
of transposable

elements now permits
the cloning of genes in

:E/“W:,M which the element

resides. The major
advantage of this system
is that genes whose
function is not known
can be cloned

Cloning, Definition

Cloningis the process of making an identical
copy of something

il Thes
Be faraertiet

In biology, it collectively refers to processes
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.
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DNA cloning:
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Cut DNA with

Insert lragments
o vectors.

Infroduce vectors.
into bactara

To clone a piece of DNA, DNA
is cut into fragments using
restriction  enzymes  that
recognize specific sequences
of bases in DNA. The
fragments are pasted into
vectors that have been cut by
the same restriction enzyme.
Vectors (e.g., plasmids or
viruses) are needed to transfer
and maintain DNA in a host
cell.

Reproductive Cloning

cloned animal

Y
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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.

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 & @ Mucleus
removed \ l removed
Nucleus from the

B9 body cell Inserted
= into egg cell

Cloned cell
induced to form
an embryo

Stem cells harvested
from embryo cells
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GM plants, Tranferring traits in ways which

Nuclear reprogramming
Skin cells

L
o

Genes inserted to
induce reprogramming

¥

Reprogrammed cells resemble

embryonic stem cells

SOURCE: Science Media Centre

are not used 1in nature: GMOs
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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.

Agrobact. tumefaciens

Tiplesmi
Tok
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TDNA

Gewlinschtes Gen

Pllanzen-Promotor

Pflanzliches

T-DNA

Balerielles = \
Selektionsgen

]
Bakrerieller Promotar
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"~ Replikations-
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Antibiotic resistance marker gene

Testing whether the gene has been

transferred

Plants with new genes
grow despite antibiotics

Cells without new genes
are killed by antibiotics,
50 plants do not grow

desired ———————]
gene -

Plasmid for gene transfer:

——marker
gene
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Homolog recombination

Hemologe Rekombination

B0 ——

0

Integration

Gene gun

plastic pellets.
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Gene transfer with viruses

BEFORE AFTER
HERBICIDE APPLICATION

04.01.2022

Main GMOs, Herbicide tolerance,
glyphosate

Glyphosate
g 1md e
PV-LEGT02 control
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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)

48
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Old and new Problems: Resistance

Herbicide Resistant Weeds
Evolve.

- Hebidde leaece

@ et nsstarce
Mt telearcy
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0% o e 055900 Resiotdt Weed Species
bt it 2086
:
.

]
199 1997 199 199 20 2001 200 2008 208 2005 2006 e

Gene flow: multiresistant Rape

resistance in Japan

Herbizide resistance, gene transfer
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Cross-Pollination

Wead With Incressed
Harbicidal Resistance
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Insect resistance, BT maize

52
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BT resistance: B. thuringiensis proteins

Insect Resistant Maize

W1

ko

Strategien

durch undL

verbliebenen Pflanzenreste

chemisch durch Einsatz von Insektiziden

mit Hilfe von

der auf dem Feld

BT Toxin Préparate

(Bt-Mais)

Roundup ready, Monsanto

54

Bt Corn

+ 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)

56
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Bt Concerns

* Bt pollen harms non-target species?

- Btcrops select for resistant insects

Bt pollen can drift to organic fields

- Food system failed to keep BT Starlink
comnout of human food products

Growth-enhanced fish

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

Auto-transgenic mud
loach: B-actin promoter
linked o GH_gene.

59

(eviinetal. 1994)

Disease Resistance, viruses

Genetically engineered p:
papayaringspot virus

58

GM Salmon

* Probleme der Lachsindustrie

* gv Lachs von Aqua Bounty

- Cantaloupes
* Cucumbers

- Papaya
- Potatoes
* Soybeans
* Squash
- Tomatoes
- Wheat

* Produktionssteigerung tiber Erndhrung, Krankheitsresistenz

« Gefahrfir die Wildlachspopulationen

* Abhangigkeit des Fischfutters

* Umweltverschmutzung durch Lachszucht

60

04.01.2022
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Atlantischer Lachs von Aqua Bounty

Wachstumshormon-Gen des Chinook Lachs
Frostschutz-Protein-Gen N
bessere Entwicklung in kalten kanadischen Gewdssern

Wachstum tiber das ganze Jahr

normales Gewicht in der Halfte der Zeit erreicht

BELFOND-CURIELX, 0.1 et al. : Factors to consider before production and comercialization of aquatic genetically

modified organisns: the case of transgenic salnon; Enviromental Science & Policy 12 170-189; 2009

GMOs in development:
CLAIMED BREEDING OBJECTIVES

2Zur Zokt
in Entwicklung

® Einsetzbor nicht rwt
EUSNAFTA

= Auch furlokale Kuturen
for Scweleniandem

62
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GMO tobacco,
expression of human proteins in plants

CLAIMED BREEDING OBJECTIVES

04.01.2022
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09.12.2008

Claimed breeding objectives BREEDING OBJECTIVES

65 66

Breeding objectives

GMO Trees

‘GMO Stiirkekartoffel

‘SENETICALLY WODIFIED TREES: PRODUCTION,
Ausschalten
eines Gens.

CONCLUSIONS
Tree genetic modification is most likely 1o be acceptable to
the public in two areas: where greater productiviy from
reduced plantation forest &eas can be shown 10 (ncrease
areas left to nature’s own devices, and in
ened trees 10 damaged landscapes, such as
ever aspects of GM trees advancy
envizonmental risk assessment sho
~case basis, untila sufficient body of knarwledge
ipated benelits and the possible risks of this
exciting technology & established

Mischung von 2 Starketypen

Relner Bastandtoll

67 68
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GM FLowers

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

Source: OuyTach v + Octobee 30,2200

A vather unusual way of rectltying
manutacturing emissioes has boen
Saveloped by ha world's ladig

69

Safety assessment of transgenic food

Unintended Effects

Specific analysis
= targeted approach

Profiling techniques

71

= non-targeted approach

Safety: Random integration,
Insertional mutagenesis

e

L. Interrupt coding region and inactivate gene

n an

—

Vector

Vector

2. Insert next to gene and activate its expression inappropriately

70
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Detection of unintended effects in vitro, in
Toxicology Asessment: Difficulties Animal Feeding Studies Vivo
Whole Foods

Small doses to be fed (bulk, satiety)
Nutritional imbalance of the diet

Many confounding factors

‘ enhanced
Small safety margins, if any e
Insufficient sensitivity for specific endpoints
74
GMO tests: PCR, primers, areas, array New Objectivesfor gene transfer

Conventional
Transgenic Approaches

Drawbacks:

» Random insertion of transgene
» Not suitable for gene targeting or precise gene mutation
» Difficultto perform gene replacement or create allebc 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

» Toreduce regulatory hurdes and pubiic concerns

76

04.01.2022

19



04.01.2022

T oot g g

“Cas-9 (CRISPR associated protein 9)

+Isan RNA guided DNA endonucleases
enzyme. =
« associated with CRISPR F
+ which plays an role in adaptive I F3 |
<IIm i
-
el 4 H

immunity system, found in bacteria

Streptococcus Pyogenes.
+ involved in Type Il CRISPR mechanism

78

CRISPR/CAS9 Targeting RNA

RNA-targeting CRISPR-Cas? (RCas9) - %
Casf-gRNA +
) Casd PAM e —
s oo o
Genomic DNA 4 . A i cuceage o8
e D~ —
SR 5 G slign

XD rsemes XK
LN : RNA-targeting CRISPR-C2c2

/" Guide RNA 1 e VI RSP ocus .
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tracrRNA

79 80



CRISPR-Cas9

81

83

ation of CRISPR-C

ad App

Technical advantages for basic plant biology and crop breeding
» Targeted gene mutation (multiple or redundant genes)
» Sie-specific integration and gene stacking
» Gene replacement via homologous recombination
» Site-directed mutagenesis to create allelic variation
> Chromosomal engineering such as deletion or transiocation
» 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 socletal benefits:
» Reduce costs for precise and efficient molecular breeding
» Eliminate or significantly reduce regulatory requirements
» Alleviate public concems about GM crops

Video gene editing

04.01.2022

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 siress tolerance).

Genome editing in rice for $918A conversion in Pita
Ao i Pesicn

Fina Varaty __ Pasatan wah AV P g satyps 0 W8 VT
Fimbre el Von Soos 1R W D
Toun va e iR W0
Cus Mo e iR WD
2 dpows 8 8 G ¥

s Mo
Tabin s Bryan oo, (1590), T Pl Eal

82

Parliament agenda, MEP

International group of cconom
calia for relased erop gen
o

omate food sccurity

BREAKING: CRISPR Couid Be Causing Extensve Mutstions And
‘Genete Damsge Aler All

84
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Novel food, functional food,
pro-, pre-, syn-, postbiotics

N
B 1
Functional
Yy o

Foods

85

Interactions Microbiota diversity - 1.S.- epigenetic

system in senescence

‘The Impact of the Micrablome on
Immunosenescence

Dariet Amsteram & Btara €. Ostrow

Inflammaging

87

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

o

04.01.2022

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

86

Structure microbiota

88

Miceobiun - collection of micobial genvnes
Microbisa - oo of wicrdes

+ sy ot s host
cell i bumanbody

+ 150x more bacterial
genes than our
human genome

22



L 1GI Microbiota

Stomach &
Duodenum
10'- 10? CFU/mL
Helicobacter
Streptococcus

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

89

HUMAN
GASTROINTESTINAL TRACT
3 o

Gcensed by R. Alien rom shutterstod.com

Colon
10— 10 CFU/mL
Bacteroides
Prevotella
Facaelbacterium
Ruminococcus
Roseburia
Clostridium
Bifidobacteria
Collinsella
Desulfovibrio
Bilophila
Akkermansia
Methanobrevibacter

Variation in microbiota structure is high

Despite high variation, Gl microbiota depend on :

1. Individuum

2. Area and lifestyle
3. Diet

4. Interventions

Succ =" T

T ———

90

92
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Microbiota Functions

« Protective functions

“Core” Microbiota

* Bacteroidetes (22,9 %)
* Firmicutes (64 %)

32 % of C. Cluster 1V, 36 % of C.
Cluster XIVaand 5 % of

Lactobacilli)
(Mariatetal., 2009)
* Actinobacteria (1- 4 %)
* Verrumicrobiales (1- 4 %)
* Archaealdomain (1- 2,5 %)
+ Eukaryotic microorganisms (<0,1 %)

(Geritsenetal. 2011)

+ Structural functions

+ Metabolic functions
Fermenting dietary fiber into short-chain faty acids

Synthesizing vitamins

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.

CHILD involves more than 10 000 people,
including3500infants

23
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We are not born sterile !

Aging and Microbiota

oy
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Gl microbiota: Diversity of groups and
functions important for health

J—
e et sy e ek

oo e e |Le Crateer €. et at, 2013)
it st b b ety

Bacterial cell wall components and Inflammation:

dysbiosis, LPS and gut permeability; obesity asa
model

(Cani etal, 2011)

04.01.2022
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Endotoxins, saturated fats/ chylomicrons trigger
inflammation, insulin resistance;
SCFAs may trigger GLP1 activation

GLP1: incretin
improves DMIl and
obesity

97

leaky gut: a major health problem

Obesity: Firmicutes: Bacteroidetes;
Akkermansia and the cell wall
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Microbiota metabolites: SCFAs bind to
G-Protein-Receptors GPR 41/43 (FFARs)
Colonocyte Lumen
Mﬁ\
2 o - ..
By — S ’l=
SCFA €~ SCFA & SCFA
F NCTH {1pH)
| S
GRS  SGPRAY Oissetin
s
e -
Anti-inflammatory; (Huster et al.,, 2013; Flint et al,, 2009,
Inhibition of NFkB Nature Rev)
100
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Microbiota and fermentation products

e.g. SCFAs

Clostridial cluster IV

Clostridial cluster
XivVa

(L

Faecallbacterium
prousnitzii

Butyricoccus
ClostridiumLeptum

Eubacterium hallii
Anaerostipes coli
Roseburia spp.
E. rectale spp.

Resistent starch

Non starch
Polysaccharides

(Louis and Flint, 2009, FEMS) 101

Butyrate and epigenetic histone modulation

102

104

Pathways and cross feeding for SCFAs/
Butyrate

-.m--cu
-.myt P Acetyt Con

Butyrate and epigenetics

04.01.2022

Diet Antestinal microflors
L e e s
Butyrate production J
.
Epigenetic regulation of gene expression
nvelved in:
> Anncarcmogena: and chemogeeveserve effecss. [ ——— -
> Ant-flammancey ffects ST .
[T a—
#ffects on candinascula diesses
R i The epigenetic effects of butyrate: potential
E DN o i e therapeutic implications for clinical practice
> Newoprotecive efcs e s Gt g o
> et on e el
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Butyrate: apoptosis, autophagy, mi- RNAs regulating
inflammation, vitro
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Mechanism of action of fibre: Short-chain
fatty acids (SCFAs)?

* SCFAs are major metabolites produced by the microbiota

2 SCFAs

- @ | X

e
,% A, I > . Acetate =P GPR43
Dietary fibre

Commensal
bacteria q

’"‘V’Jl‘cr “a’ Butyrate = GPR109a

™0 1 Propionate m GPRA41
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Diet dictates the production of SCFAs, diversity of the
microbiota, many types of complex carbs
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Gut-Microbiota- l
Brain apl

Communication

Admoals

iotestinal lumen
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Interventions, examples Fasting pathways: Sirt, mTOR pathways
i N - 4
Fasting, CR ST Cartts L gt by et e

i Metabolism Throagh Farnesoid X Receptor and

Probiotika, Prebiotika, Synbiotika, Postbiotika
Epigenetic active foods,

mi RNAs
110
Caloric restriction and aging change epigenetic
CpG -methylation structure Fa sting and Microbiota
wiey Aging Cell @
Global remodeling of the mouse DNA methylome during
‘aging and in response to calorie restriction Esccvisiass Ghae et show et el it
i Scesh | Messar Tysbborky™3 | i N. Gdber® e
; =
Why Your Gut Microbes Love 3
Intermittent Fasting G E RM
FILES
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Caloric restriction, ketogenic diet involve SIRTs (+NAD, clock genes)
+ mTOR pathways (Metformin). What do fasting mimetics?

e 1 b

IO —— i,

batgar i and o il cones: ol rlebusshls

113

Effect of Plant Ingredientand Diet on Microbiota and
Metabolites

- mm Ingredients Shot

115
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Caloric restriction: Rejuvenetion by senolysis? role for
autophagy ?

Senolytic therapeutics

A= 48

senolytics
Is fasting senolytic? | Josh Mitieldort & nescoa
hipa.fjeahivitted: L

neidor ssienesblag omPOTEL. A

Senolytics improve physical function and increase  83rd ICREA Colloquium, 2018
lifespan i old age
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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]
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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]

117

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]
* 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]

119
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Species

* 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]
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Figure 2. Various ways of immune modulation by E. coli Nissle 1917
(summary of data fromin vitro anzdoilna\]/ivo experiments) [Behnsen et al.,
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Treatment of acute diarrhea with probiotics — meta-analyses
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Figure 11. Duration of
hospitalization [Salari et al,, 2012]

Probiotics,

new ways

conceptexploratory study

Commensal Obligate Anserobic
Haalth: Production, Storage, and Deli
Strategies
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Butyrate production or cross feeding ?

oo B ey e

Bacterla and
livery

Butyrate-Producing Probiatics Reduce N
Fatty Liver Disease Progression in Rats: New Insight into
-Liver Axis

the Probiotics for the Gut:

Probiotika: Sind tote Bakierien wirksamer als

Iehende?
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Prebiotics what is it?

)|

l 1

Oligosaccharides -
.9, FOS. ulin, ( Phenciics and
|_phytochemicals (" Antibioties ) (Vivamins

GOS, MOS, X0

L etal
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Fibers and obesity, butyrogenic

R O )}
(G

Nature Reviews | Gastroenteroloay & Hesatoloa
2017; 14: 481502 (CC-BY)
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Fibers and SCFA
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Receptors of SCFAs
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Synbiotics

Prebiotics

Synbiotics Probiotics

ynbiotics are
mbination

cultures
and not the
human host

129

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

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

~Vitamins (like the 8’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)*

131
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Postbiotic concepts

+ ;‘5\
N

Figure 18, Schematic representation of various bealth benefits of postbiotic molecules [165]
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Fermentation spontaneous stater cultures

A Futire Place for Saccharomyces Mixtures and Hybeids in Wire Making

[ v -

Fermentsation of food waste results in usefull

molecules

134

136

04.01.2022

Fermentation between tradition and novel

possibilities

Traditionally
Fermented Foods

Main categories of criteria

Novel fermented
1 L L J Prn-based
Protechrologcal  Sesery  Natritonal/Fusctiondl

——— S Py —
o ot cefienm Jetvr
S o e eresn o

Bioactive plant ingredients,
sekundaere Pflanzenstoffe

Phenyiaianin - Polyketid

ks Hagre” (€

Terpancid, Boipketia

Asgartat
Lyl

Genithin, Arginin
Tyrewia
Toptéghan
Glyein

Terpanoid. A aiaide

e Pioeratin Alkalcion

Lupwen Ahaloide
Pyersidin Aliaisce
Tropan Alksicide

Benayisechinein.
indoi- Alaloice
Purin Akajaice
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Polyphenols Polyphenols and their plant sources,

Potyphenots ’ S it SN DU B
Polyphenols are molecules chemically 5
characterized by the presence of at least one > -7 -
aromatic ring with one or more hydroxyl groups o it S, | W v
attached . Polyphenols are plant secondary - O -
metabolites that are thought to help plants to —— oot
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

137 138

Types and classification of bioactive
Anthocyans
compounds from food

Major Food Bioactive Compounds (FBCs) sources
ond classification
G %
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Nutraceuticals Nutraceuticals for aging

.+ Stabilityof study

141 142

Examples, Resveratrol Green tea extract, EGCG, Catechines

-~ L i
o~ RS \ s Jir Z
4 =4 " £ £ L= ! & i \E:EO e ]
© = R s e @j
- - e VN
= __{ e ]-_ l .l< A\ Epigallocatechin gallate <
< SN rm

Epigatocatectin galate, aisa known 8
epigatocatechin3.galate, s the ester of
epigatocatechin and gallc 30, and .3 type of
catechin. EGOG - the most abundant catechin i tea
2.3 polyphendl uncer basic research for s polential

Previous studies have demonstrated that resveratrol is well-
absorbed following oral administration, with ~75% of the dose

? N 10 affect human health and dissase. Wikipeda
mios, aptarss, MuAbATS, 973 pesns absorbed. Following absorption, resveratrol undergoes rapid and
Vikoeon extensive metabolism leading to low bioavailability

143 144

36



145

Gallic acid

Gallic acid,
induced DNA damage
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Gallic acid
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EGCG I

FEHD

The rees e siypiene S0 s e
i et i el e an b s v

oy sodsied  Research Article
EGCG Prevents High Fat Diet-Induced Changes in Gut
Microbiota, Decreases of DNA Strand Breaks, and Changes
Expression and DNA mtl

n
"‘ and MLH1 in C57BL/6] Male Mice

i . Woslberger
Fiperine enhamces the boseilabilcy of the vea
Neseich Artide polyphenol (-1-¢plgallucatechin- -gallxe I mice
llocatechin Gallate Effectively Affects Senescence and Anti-
SASP via SIRT3 in 3T3-LI Preadipocytes in Comparison with
Other Bioactive Substances

Stephanic Lilfa Julis Oblenbure.' Angelika Poiatace’ Lours Dewald. Marium Lerch.
ert Hippe. OWvier Switzemy and Aleander Haslberyer -
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Astaxanthin

Biological Activities

Antioxidant activity
Protection from UV rays
Anti-skin cancer

T Anti-inflammatory
Astaxanthin < Anli-gastric activity
Chermical compound Anti-hepatoprotective

Anti-diabetes
Cardiovascular prevention
Immune response

Astaxanttin is a kelo-carolenokd with various uses
xding dletary suppiement and food dye. It belongs.
toa larger class of chemical compounds krown as
terpenes bullt from fve carbon precursors,
isopenteny! diphosphate, and dimethylallyl
diphosphate. Wikieda

Neuroprotection
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Quercetin

Fisetin

;1

Phloretin

Phloretin <

PHBIR 1 3 APyt 6t o Falesd
prencl = can b found . apple o leaues 3 .
[r————
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Curcumin

meme of i gnger

152

Biological Effects of Turmeric/Curcumin

Anti- inflammatory

o~ Anti-oxidant activity
Immunomodulatory
>~

Enhance
wound healing

Turmeric/ Curcumin | —— Anti- mutagenic
Prevents IR/ 4—

Neuroprotection
. A Anti-metastatic
Anti- viral
Anti-fungal
Anti-bacteria ‘Anti- angiogenic
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Berberin, Berberitze

Berberine (Berberin)

Bertarin i 3 ity Ammcekam 33t hom the

Spermidin

Spermidine (Spermidin) <
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ESV—

5 Wi, orgarisms.  was orgnaty
kaed bom semen. Wiped:

155

Anthocyans
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Spermidin mechanisms
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HEA[TH BENEFITS.OF &V
anthocyanins

i pryin o o o
* boost immune system SOUNES: .
+ improve brain functions
 prevent cancer development
* anti-inflammat
« protect from diseases
« fight viruses
* balance blood sugar tohmbary
* maintan healthy weight 3 red abozge
« fight free radicals “backrice
« support heart health

\

e

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
& expressions of Atg genes. Second, it regulates transcription factor elf
5Ato pmmnle the synthesis of transcription factor TFEB. Third, sperm
idinei ), which directly promotes the acetylation of Atg ge
nes and |nd|rully 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, differe: n, 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 lipogenicgene expression
s, and represses lipid accumulation. Furthermore, spermidine can delay
aging through specific signaling pathways, such as SIRT1/PGC-1a, insuli
n/1GF, AMPK-FOXO32, and CK2/MAPK signaling pathways
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Fishoil, EPA, DHA

Fish oil

157

E 111 PUF,
Diet \ ~

~ ¥, Gl ympaows
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Systemic
inflammation
deal

Discussed activities of nutraceuticals along the
hallmarks of aging, age related complex diseases

Anti oxydative
inflammation
Telomers
Autophagy
Senolytic

Immune senescence
Anti bacterial
AGING

159

Epigenetic active
neuroinflammation

Mitochondria

Anti viral

Apoptose

DNa repair p\l*!"

Nuro infl @ @
A
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Fishoil Il

ROS and antioxydative activities

Conclusion
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Antioxydants
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Enzymatic pathway for detoxification of reactive oxygen species

Stress and Mitormesis

Efloct

Superaxide
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260 puman*
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Superoxide: Peroxidases
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— H,0, — H,0
Hydrogen Water

peroxide

ECG and EGCG are considered antioxidants, which means they

counteract or prevent oxidativestress in the body caused by
saidsenior co-

Michael Ristow,a researcher inthe Department of Health Sciences

and Technology at ETH Zurichand the Department of Human

“Until now, itwas assumed that these catechins neutralize free
radicals and thus prevent damage to cells or DNA"
One

B ple, when
the mitochondria — the powerhouses of the cell — areworking to
produce energy”

“We took a closer look at how catechins actin the nematode

worm Caenorhabaitis elegans and came to a different, seemingly

green tea catechins promote it”

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

of Caenorhabaliis elegans.

The long-term effects alsoincluded reduced fat content inthe
nematodes after 5 days of catechin treatment.

“ECG and EGCG initially increaseoxidativestress intheshort term,

is has fect
capabilities of the cells and the organism,”they explained.

04.01.2022

Ros, stress impairs all mechanisms of the

epigenetic machinery - > aging
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AG Hastberger

Antioxydants, mithormesis

Antioxidants

Abstract
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Novel foods, functional foods and epigenetics DNA, CpG methylation
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Best marker for aging: The epigenetic clock
(Horvath) evaluates the biological age, ; :
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- Epigenetic miRNAs: food borne, marker
Sirtuins : :
for mechanisms, phenotypes, disorders
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Mi RNAS, non coding RNAs Epigenetics regulates aging mechanisms involved in
telomere attrition, mitochondrial functions, autophagy,
1.S./inflammation, senescence and DNA-repair
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Figure 9. Polyphenols and ncRNAs 2022
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. ' Inflammation: interactions novel foods
Polyphenols and Inflammation mechanisms

facts or hypothesis ?

173 174

Polyphenols and NRF2 NRF2 agonists, antiagonists

Therapeutic targeting of the NRF2
and KEAP1 partnership in chronic
diseases
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Neuro- inflammation
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Spermidine mechanisms
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the expre
ssions of Atg genes. Second, I ption factor elF5A to pr
omote the syntheslscﬂranunptmn factor TFEB. Third, spermidine inhi
bits EP300, which directly promotes the acetylation of Atg genes and in
direclystimuistes deacetylation of tubalin due 1 initition of STATL B
roles by suppressing
of multiple i ﬂammatnry cytokines, such as ROS, NF-xB, IL-1 and IL-18
Moreover, itis involved in regulation of cell proliferation, differe
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 delay aging
through specific signaling pathways, such s SIRTL/PGC-1a, insulin/ IGF, A
MPK-FOXO3a, and CK2/MAPK signaling pathways.

178

180

04.01.2022

Polyphenols and microglia

=8 =
Spermidine mechanisms. Moy

Autophagy and
lmer’s Disease:

e e e et 8 s

Polyphenols and mitochondria, the oldest
theory of aging
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Telomers

181

Polyphenols in the regulation of telomerase,
hTERT

183

182

184

Telomers, telomerase
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EGCG telomerase, cmyc, hTERT
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Autophagy, apoptosis
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Senescence and polyphenols
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Apoptosis, p53 and polyphenols

186

Polyphenols and senescence

o
Natural Polyphenols Targeting Senescence: A Novel
Prevention and Therapy Strategy for Cancer
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Senolytics between rejuvention of tissues and

. CR, fasting mimetics,
cancer prevention

Recrutment Aging

189 190

STUDY SENOLYTICS, SENESCENCE
MARKERS IN BRDU TREATED PRE- Case study: comparing Fasting and a Fasting mimetic sirt-food
ADIPOCYTES, ADIPOCYTES, 3T3 shot: Microbiota, epigenetics

B-Gal, senescence

Buchinger Fasting <120 kcal/day Active (N. 131) Placebo (n: 30)
n:22in Pernegg Monastery Intervention 3 months

Aoy Spermides szt

BLUUEIONEE™ RESVERATACK

) Feces , blood spots, before and Feces, Blood spots before, after 1,3 month
Phioretin, BHB, Butyrate (Merck) Adipocytes, After the end, first solid feces
fat droplets
Illuminia sequencing, Line 1 methylation bisulfite gPCR, HR-MCA,
RNA, MiRNA RT QPCRi
2022 AGHasberger -1 AG. Hasterger 2021
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Buchinger fasting resulted in a rise in the distribution of Proteobacteria,
increased microbiota diversity and a significant increase in
Christensenella

IEKERR]
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193

positive correlation of the abundance of butyrate-producing
Bacteroidetes with Mirl125, siRT-1 expression, telomere length
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3M sirt inducing drink increased Actinobacteria.
Firmicutes/Bacteroidetesratio decreased and correlated with BMI. Only

Fasting increased Butyrate significantly
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Immuno senescence and nutraceuticals
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@
i . . Egcg Effectively reduce Senescence (p21) and SASP
R i
COﬂC| usions e e —— EGCG, spermidine, resveratrol, anthocyans stimulate SIRT3

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
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AG Hastberger

Quecetin, senolytics and markets millio $ ) q
markets Aging DNA-damage response, DNA-

repair, Epigenetics, Polyphenols
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MGMT and MLH1 DNA repair enymes and
promotor methylation, EGCG

 Methylstion
b retaten > g o cveratrol
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Mouse study: EGCG reduced high fat diet
induced strandbreaks, DNmt1, comet assay
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Epigenetics regulates DNA repair

202

Caloric restriction improves healthy aging, role for
epigenetic regulation as seen in epigenetic clock

Also true for mi RNA- marker

204
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Caloric restriction as well as special polyphenolsimprove
healthy aging including similar epigenetic mechanisms,
especially Sirt enzymes

Aging, ageotypes and prevention
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Anti bacterial polyphenols Polyphenols in food preservation, processing
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Antiviral nutraceuticals RNA and Corona viruses
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Strategies

Targeting cellular Targeting viral RNA-
signaling pathways eperent RNA
polymerase

8locking Virus
Various antiviral

Cell Entry

mechanisms.

Interfering with
the endocytic Vaccines

pathway
Blocking polyprotein
posttransiational Modulation of
processing the immune
defense

Oligonucleotide and  sypplements and
gene therapy nutraceutical
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Novel Protein Sources

By product

Pulies &

215
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Nutraceuticals, epigenetics and inhibition of

RNA viruses

‘Schematic prasentation of virus entry and action

Quarcetin
Nigella satha
Qurcurin
Phloretin
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Main problem allergy
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Algae
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Bcarote:
(Feed suppls

Caroteno
(Feed additive)

Phycocyanin
(Cosmetics)

Vidalol A& B
(Bactericidial and
antlinflammatory)

]
fatty acids
* (Supplements)

Domoic and Kainic
aci

(Neuroexcitory)

04.01.2022

Pharmacouticals &

Nutracouticals

Fortiizor

[—
troatmont
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What is single cell protein?!

Single cell proteins

* 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 s a term which refers to either microscopic single-cell
true algac 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 is 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.

220
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Efsa, astaxanthin as an example

Safety of astaxanthin for its use as a novel food in food
supplements

EFSA Panel on Mutron, Novel Foods and Food Alegens (NDA),

e oA
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Spirulina
* Spirulina is among the world’s most popular
supplements.

«It is loaded with various nutrients and
antioxidants that may benefit your body and

a is a biomass of cyanobacteria (blue-
green algae) that can be consumed by humans

04.01.2022

and animals.

* Spirulina was once clas:
of "its richness in plant pigments as well as its

ability of photosynthesis.
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Microalgae as a novel food

Potential and legal framework

Tomke . Prie, Pogay G. Braun, Ciudia Wk

Abstract

Mroagae such 25 e and speukahove i dhetary pornts
Cecaun they coekan o arge rmberof s whe s 1o ke

g thgs ks
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ied as a plant because

Spirulina is promoted mainly for its protein and
vitamin B12 content. Tablets of dried spirulina have
avitamin B12 content of 120-240 ug/100 g,
although 83% is in the form of non-bioavailable

4 e Eusogaan ket shr s v <onsuming eetigain s,

o oo, o3t
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B12 [17). The
spirulina s around 50-60% of the dry mass with a
biological value of S0-70 [18]. However, even
microalgae not approved up to now have major
potential. For instance, not only does the dry mass
of Phaeodactylum tricornutum contain 1.7-5.0% of

(EPA) [29], it

the carotenoid fucoxanthin
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Plant-based proteins

¢

Plant-Based Protein Sources

* 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

225

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 g

227

EU Novel food ?

04.01.2022

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

Plant-based proteins- nutrition
comparison

« Slightly different than meat

Table 1. Nutritional comparison of a regular Whopper®
ta an Impossible"Whopper* (patty only)

Regular impaossible”

Whopper' _ Whopper”
Calories (Keal) 20 210
Fatig) 8 12
Saturated Fat (g) 8 7
Trans Fat (g) 15 0
Cholesterol (mg) 80 ]
Sodium (mg) 230 330
Carbahydrates (g) o 9
Fiber (g) a 2
Sugar (g) o 1
Protein (g 20 7
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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, production

There are three stages
in the production of
cultured meat.

1. Selection
of starter cells,

2. Treatment
of growth medium,

3

Scaffolding,

230
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Cultured meat is coming

* NOT currently available for many consumers
« Not currently produced on large scale

* Grown in laboratories from animal cells in culture medium
* Grown on an edible non-meat scaffold that holds cells in position

»ou

* May be called “cultured protein”, “clean meat”, “lab-grown
meat”, “in vitro meat”, others

Cells, media, scaffolds (Gerdst)

* 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.

* 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.

58



3D printing ?

 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.
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Insekten als Lebensmittel

* in Uber 200 Léndern als Lebensmittel verzehrt

i

* v.a. in Asien, Afrika, Lateinamerika

e
« in Kenia und Thailand )P. Z X “

-> Massenziichtungen ? : \#
i/ ‘

* in westlichen Landern Saugetiere als prro e
Hauptproteinquelle -> kaum Insektenverzehr SR

PKATAPULT

[Garinoet al, 2019
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Proteins from arthropods, insects

gesundheitliche Vorteile von Insekten

« vergleichbare Nihrstoffgehalte wie Fleisch und Fisch

* hohe Gehalte an: .H |........m
m m

* essentielle Aminosaure

+ mehrfach ungeséttigten Fettsauren

* Ballaststoffen

* Mi Kupfer, Eisen, i “ [hearpeae] ' '
[2+] ]

Mangan, Phosphor, Selen und Zink

[}

[FAO, 2013]
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Durchschnittliche Zusammensetzung verzehrter

8

]
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|
I
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Insekten

[BfR, 2016]
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Aminoséurespektren verzehrter Insekten
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Risiko allergenes Potential

+ direkte Allergie bei Mehlwiirmern und Seidenraupe

bei ilben- und
Argininkinasen der Insekten

-> bei Mehlwiirmern, Grillen, Grashiipfer, Motte, Termiten, Schabe

Vorkommen:
« 7,6%allergische Reaktionen

+ davon 18% anaphylaktischer Schock
Symptome:

Hautreaktionen (Rétung, Urticaria), GI-Probleme
Stérungen (Asthma, Dyspnoe)

[De Gier & Verhoeckx, 2018]

Diarrhoe), respi

238
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Okologische und 6konomische Vorteile

« geringer Futter und Wasserverbrauch

-> effizientere Futterverwerter
-> 2kg Futter 2 1kg Insektenmasse
-> 8kg Futter 2 1kg Rindermasse

v — g
=4 100
* weniger Landverbrauch s I, ]
»~.125 +.15.500

« geringer Treibhausemissionen
w
* Zucht auch mit geringen Ressourcenaufwand maglich :
-> auch fir Schwellen- und Entwicklungslander

[FAO, 2013]

Risikoanalyse-System allergenes Potential

« Verhinderung einer Ubertragung von
Foud preceming | | [abergna

allergenen Material auf andere

Lebensmittel
->Schutz von Allergikern
ams ot rarpcacton
« Stellung eines Novel Food- Antrags
-> Beweis, dass kein allergenes Protein in Lebensmittel enthalten
-> Vergleich der AS-Sequenz mit Sequenz von allergenen Proteinen

(Garinoet al,, 2019]
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Risikoanalyse-System Allergene
(Mehlwiirmer)
1. Stufe: Gefahrenidentifikation

-> allergische durch t
-> IgE-Korper Produktion

oder Verdauung

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: ko Charakterisierung
-> Charakterisierung des Risikos bei verschiedenen Leveln von Allergenen
-> Entwicklung eines sicheren Grenzwertes filr allergene LM
[Garinoet al., 2019]

gesetzliche Regelungen

. EU I}jegulation 2015/2283: Insektenbasierte Lebensmittel gehéren zuNovel
00

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

Hermetia illucens (Soldatenfliege)
* Musca domestica (Stubenfliege)

« Tenebrio molitor (Mehlkfer)

« Alphitobius diaperinus ideschi )

« Acheta domesticus (Hausgrille)
Gryllodes sigillatus (Kurzfliigelgrille)
Gryllus assimilis (Steppengrille)

04.01.2022

Risiko: biologische und chemische Gefahren

Biologische Gefahren

n Kteri Abhingig von:
pat oger}e Bal kerllen i « Spezifische Produktionsmethoden
* Mykotoxin-produzierende Pilze + Substratverwendung
* Parasiten

N * Phase der Ernte

: Vlre‘n‘ i . * Insektenspezies

* Antibiotika resistente Gene + Verarbeitungsmethoden
Chemische Gefahren

* Schwermetalle
« toxisch-chemische Verbindungen

[Garino et al,, 2019]
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Nachweismethode Insekten

* Fir Gen-ldentifikation CO1-Gen verwendet [ -
+ Cytochrom C Oxidase 1.Gen in Mitochondri 000 AR AR
-> Cytochrom C Oxidase 1-Gen in Mitochondrien 2 -
aller Tierarten ‘IH\IIII IRE 1 OEOE O AT HI_
[ TR RO T TR T ] ]

« CO1-Gensequenz bei allen Spezies unterschiedlich i

« je naher verwandt, desto dhnlicher

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

= Nachweis durch Vergleich Gensequenz von Probe
mit Datenbank

(Garinoet al.,2019)
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NANO particles, nutrition and foods

2 Nanoparticles

nanoparticle L colloid,  3and,

L e —

*av0l O -

w0 e
Y

10
1

— —t——t
jumersees 3 Nanoparticles have
O Do
& e weight ratio
arcarann 'J Many nanomaterials
e
that differ from the parent
bulk material

Quantum dots (QDs)are semiconductor particles a few nanometres in size,

quantum mechanics
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Targeted drug delivery, Gene Catalytic activiy, Removal of
therapy, Cancer therapy, toxic pollutanty heavy
Phatoimaging, Antioxidant metaljoil
activiy, Antimicrobial droplets/pesticdes/insecticide|
activity, Mosquitacidal uses [ water remediation
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efficiently and time moaitoning newraceuticals for better
* Delivery of growth * Napotubes and * Nanoclays and nanofilms  absorption. betier stability
o od Jesasgelaion | m y
fashaon and viscoufying agents peevent spoilage and * Nanocochleates (corled
« Nanosensons for « Nanocapsule infision of
" "
d crop growth 2 meat’s ors 10 detect echylene 10 celli without affecting
« Nanochips for identity choleserol * Antimicrobial and color ar taste of food
preservation and tracking  + Nanopurticles 1o <o Y
* Nanosensors for detection  selectively bind and with namogarticles (siver, | ative molecules into
of animal a0d plant remave chemicals of magnesiurm, 7inc)

pathogens
* Nanocapsules 10 deliver

* Lighter, stronger and more
heat-reistant films with

vaccines particles for bener silicate manopartickes
. del availabilisy .
DNA o plants (targeted of nusrients behavior of foils

genctic cngineering)

Application of
Nanotechnology

nanodroplets for betier

04.01.2022
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Nano and nutrition

Enhanced nutritional value

Improved tastes,
flavors and textures
o food products

Maintenance
of food quality

Nanotechnology
in food industry

Better traceability and
safety of food products

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

249

Nanoparticles: Delivery, stability, release
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Methods Nano
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Nano and nutraceuticals

Nano sensors

253 254
Nutraceuticals delivery Devglopmer_wts novel food regulation,
vertical, horizontal
® .
( { l* Cartagena Protocol on Biosafetyl
- 7 ‘O;;é’c CBD
o

16 -
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Gold nanoparticles , GNPs
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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 fallinto at leastone of the
following 10 food categories:

1with 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. dlinoptilolite (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 withinthe Union before 15 May 1997 resultingina
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, litf)

9.vitamins, mineralsand other substances (e.g. iron (Il) ammonium phosphate, vitamin k2 (menaquinone), chromium picolinate)
10.used exclusivelyinfood permitted in food cat ther than food .g. magui berry
(Aristotelia chilensis), rose root(Rhodiola rosea)

257

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
ingredientsthey are intendedto replace in such a way that their normal consumption would result in nutritional deficiencies for the
consumer.

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 is responsible f he food to be placed on the market is anovel 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 listin 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 o provide an overview of the use of plants and fungi n foodstuffs

For criterion 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 food, the food b

competent authority of the Member State in which the potentially novel food is to be placed on the market first
procedure according to Article 4 of Novel Food Regulation (EU) 2015/2283)

may consult the
Consultation
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Navel foods

been used for human
degree inthe EU before 15 May 1997 novel foods and novel food ingredients.

which satisfy the decrintion. th

a significant

Foods and food ingredients
1 uhiehpresent s new o modifed primary malecularstucure
of micro-organisms, fungi or algae;

whose
production process.

They

Must be safefor consumers.

Must be properlylabelled to not mislead consumers.
Can not be nutritionally disadvantageous.

The Regulation does ot cover

Flavourings for useinfoods
Extraction solvents used in the production of foods
GMOs for food and feed

Iffoods and/or food ingredi uses in
Novel Food i i

Authorisation process

unverzoglich

s P Mitgliedstaaten

- Offentlichkeit

7 Manate

optional

1Monat 9 Menate + X

adaptiertnsch BVL

Durchfhrungsrechtsakt
Eintrag in Unionsliste
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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://eur-lex.europa.eu/legal-content/DE/TXT/?uri=CELEX%3A32018R0456

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

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

s
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Lycopin

Lycopin - Herstellung

3 Mit Hilfe spezieller, lebensmittelrechtliich zugelassener

Losungsmittel wird Lycopin aus Tomaten (Lycopersicon

esculentum L.) extrahiert. Ein Kilogramm Tomaten enthalt etwa 20

mg Lycopin.

Haufiger als der Isolierte Farbstoff wird Tomaten-Extrakt elngesetzt.

Er gilt, wenn nicht der enthaltene Anteil Lycopin gezielt erhdht

wurde, als firbendes L £

keine E-Nummer tragt, ist er doch in der Zutatenliste aufgefuhrt.

Lycopin kann auch chemisch-synthetisch hergestellt werden.

GemiiB einer Stellungnahme des Wissenschaftlichen

Lobensmittelausschusses der EU vom Dezember 1999 darf

synthetisches Lycopin jedoch nicht als Zusatzstoff eingesetzt

Werden (SCFICSIADDICOLI60 Final). Dies wird damit begrundet,

dass das synthetische Praparat anders als das durch Extraktion
sei u

toxikologische Untersuchungen bisher fehiten.

<

C
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Examples, Stevia
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2.7 Produkte aus fremden Kulturkreisen

2 Noni-Saft (Fruchtsaft aus Morinda citrfolie)
- Tanonomie. radsanelie Verwendung
+ Horstelkung und Verwandungszweck

+ Wrkungsbehaugtungen TR
- Sehemossbsmenng von NorvSat
> Nang: (Canarium indieum L.) =
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https://www.efsa.europa.eu/en/efsajournal/pub/6557
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
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Sicherheitsbewertung
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1 ihrem Bericht vom 12 7.2007 2u dem Schluss, das getock netes.

27 Baobab-Fruchtfleisch 3 >
au
Tauencerie maatonmte Vecatnsung
o DurBaean,
Bahacorooe (ACIRaUINIChID) JRZBI. Hou Wi o uth 3
Ao bagekzine. cn 110 in Qe v A gubensan
wordin

3 Frochto und aueh andaes Tor (Samsn, Wurzoh, B, Bsan unt

dan

o) s Afeebre S wmrn v de Sk
Bereisrun Midtione vabas varmanie
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hori novel N
“ the placing on the market of...as a novel fc

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

* bovine lactoferrin
« dihydrocapsiate

* Gamma-Cyclodextrin

* novel chewing gum base

novel chewing gum base
yeast beta-glucans.
Phosphatidylserine from soya phospholipids
fermented black bean extract

phosphated maize starch

Chromium Picolinate
chitin-glucan from Aspergillus niger

‘mensehikchen Verzehr unbedenkich tt

The following facts should be taken inlo consideratian:

= F

ATyt Scom p3IONH! 31 UGN CRATITBIIStcs of
‘he navel faod {Including i fate In biological sysiems}:

Posvious history of hursan sxposure;

Expected appiications a3 3 novel focd and the preicted

oxpasure;

Necessily, sppropriateness and owicome of animal studies
and studies in fumans;
Hecassity and oulcome of pest-launch menitaring

ood ingredient”

Chromium Picolinateingredient
afish (Sardinops sagax) peptide product
a chitin-glucan from Aspergil us niger

a edodes
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Novel Food Catalogue

lists products of plantand animal origin and other substances subjectto the Novel Food Regulation, after EU
countries and the Commission agree inthe Novel Food Working Group.

. "l apr the Novel Food
Regulation.

U
address their national author

Insome cases,itshows EU
supplements

food supplements and ingred| d

Iffoods a were used uses inother foods require.
authorisation under the Novel Food Regulation,

2010
+ ferrous ammonium phosphate

+ Ferric Sodium EDTA

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

Chia seed (salvia hispanica)

the uses of algal oilfrom the micro-algaeSchizochytriumsp.
the uses of algal oilfrom the micro-algae Ulkenia sp.

alipid extractfrom Antarctic Krill Euphausiasuperba
Iycopene

Iycopene from Blakeslea trispora.

Iycopene oleoresinfrom tomatoes

Iycopene as a novel food ingredient

Ice Structuring Protein type 11l HPLC 12

Vitamin K2 (menaquinone) from Bacillus subtis natto

2008
+ leaves of Morinda citrifolia (Noni)

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

refined of 6 Nativeto North Africa,
mainland Europe and the Macaronesian islands)

alpha-cyclodextrin

ricedrinks with added phytosterols/phytostanols (Teriaka Ltd)
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http://ec.europa.eu/food/food/biotechnology/novelfood/nfnetweb/mod_search/index.cfm

269

271

2

Points to consider

2
oil enriched with phytosterols/phytostanols.
diacyglyceroloilof plantorigin

Iycopene from Blakeslea tispora

rapeseed oil high inunsaponifiable matter
maize-germ oil high inunsaponifiable matter”
food: MON 863

rye bread

Isomaltulose
food: NK603

sweet com from geneticallymodified maize ine Bt11
ellow
phytosterols/phytostanols (Teriaka Ltd)

Voghurttype product dded
(Pharmaconsult Oy Ltd. (formerly MultiBene Health Oy Lid))

products with added phytosterols/phytostanols

‘noni juice
coagulated potato proteins and hydrolysates thereaf

trehalose
“yellowfat spreads with added phytocolesterol esters™
“phospholipides from egg yolk”

Market de €U (many of the novel da, U
Japan), th

economics of poor the diet
consumers? The non- or
food that s “exotic” from the EU perspective.

Would be needed for and“true” novel, 4
foods with no long-term consumption outside the EU?

- Now extensive take, o

an outsidethe EU

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

European foods?

-Are the o

- Currently, the 2 -

knowledge be admitted for food safety assessment?

~Lack of peer-reviewed publications, lack of data from certified laboratories ~should

d duct development and
~Traditional knowledge from the local peopleshould be used.

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

04.01.2022

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

2000-2005
- Betaine

* "Nangai nuts" Canarium indicum L (dried seed kernels)

* Stevia rebaudiana Bertoni plants and dried leaves

Note! Usage of has been accepted (since 2.12.2011, EU food
additivelegislation)

270

Functional foods, additives
health claim regulation
D Lebensmittel vs. Arzneimittel?

« Bei Pflanzen-Extrakten groRe kulturelle Unterschiede in den
Mglidstaaten der EU

Lander mit langer Tradiion, aber sehr unterschiedlichen VIR EES
Handhabungen (pos. vs neg. Liste, LM vs. AZM) e PN,
s
X Das Heilwissen der
2 Neuartig (Novel Food) oder nicht? HL HILDEG,
+ Vielfaltige und nicht konsistents Interpretation sawohl auf VON BINGEN
Nigliedstaaten als auch EU-Ebene
+ Folge 3 grofie Unsicherheiten,

eingeschranite
Entvicklungsmoglichiksiten
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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

Food or medicine ?

Entscheidungsbaum zur Elnstufung von Panzen und Pllanzentele (Botanicals” ) in de Katogorien
Lebensmittel", Arzneistoff” und Neuartige Lebensmitei(zutaten]

s

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.

04.01.2022

Food improvements

FOOD IMPROVEMENT AGEN

Food Improvement Agents

Additives
T P ST —
o agents
Flavourings Wiy add foud additives, enzymes and flavourings o food?
Extraction Sofvencs + Ameng others, food addiives preserve, colour and sabilise food during its production,

packaging o starage,
Common Autherisation Procedure

+ Enzymes have spect

stage of the food chain

biochemical setions which serve technalogicsl purpases at any

274

Example EGCG

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

The Panel considered the possible iation between the of (-) 3-gall
(EGCG), the most relevant catechin In green tea, and hepatotoxicity. This scientific opinion s 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.

276
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Health claim regulation

of hesth caims in the EU
‘assessment loliowing the highest possbie sian

. Gonsumar protaction, fair competitivene:

4 on a sclentific

) -Characterization of the foodiconstituent”
e—
D e e

EFSA assessmant

Scientific substantiation requires a favourable outcome in ALL

277

Examples 13.1

FAVORABLE HEALTH CLAIMS (ART 13.1)

Out of 421 IDs related to this area: 42 with favourable outcomes
¥ 14 related to immune function (essential nutrients i e.: coppes, folate.
iron, selenium, vit D, A, B12, BS, C, and zinc)
¥ 15 related to Gl function

» 10 bows! function (e.g. dried pruno, lactulose, wheat bran fibrs,
rye fibre, oat and barley grain fibre)

> (o9
foods with reduced lactose content)

1
¥ 13 related to absorption/digestion
7 Absorption of micronutrients (e.g. Vit C. D, meat o fish, fats)
# 2 Digestion (e.g. Ca, chloride)
» 4 lactose digestion:

(1e. lactase. live yoghurt cultures)

279
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Health claim classification

eliam

f ! HEALTH CLAIMS CLASSIFICATION

278

Examples 13.5

FAVORABLE HEA
‘ Of 155 applications related to this area (07/2015):
v 7 applications under evaluation or validation
| v during the
| vs8 i with opinions
¥ 1 with the food not characterised
¥ 5 with insufficient evidence
¥ 45 with cause and effect relationship not established
¥7 with favourable outcomes:
» 3 Immune system (e.g. Vitamin D, Zinc)
» 3 bowel function (i.e. sugar beet fibre)
chicory inulin, hydroxyanthracene derv.)

CLAIMS (ART 13.

, 14)

280
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Problems of gut immune claims ( eg
probiotoics

LESSONS ITOM EXPErTENCe Wit TITST DaTe of Gaims

(] f - FIRST GUIDANCE ON GUT-IMMUNE CLAIMS (2011)

Lack of characterization a major reason for
unfavourable opinions (Art 13.1)

Lo W Non-characterised
7 icroceganismes
80%)

 Others related to
microarganisms
120%)

Not just & recommendation a5 in the past
doint FAQMWHO Werking Group Reprt on Drafling Guadeines for he Evaiuation of
Prodieics n o0 Lonson, ONtans, Cansds, Apn 30 ana My 1, 2007)

281

New developmements

* efsam EFSA update on claims guidance

T I - WHAT IS NEW IN THE GUIDANCE UPDATE?

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 st to others.

Indigenous 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).

283

META-ANALYSIS FOR ASSESSING PROBIOTIC EFFECTS ?

-Associats
M, o Yooomunendet
the
m bess-sphs #
Contons Th ks cviece Commercial promotion of a
research s need - Drand/propietary strain

mmd with the ztuxul efficacy and ¢ through claims

91969 o ama.com

amA mu 30701
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Spermidine
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Highly different personal responses to diets, eg post- prandial
glycemic responses, explanations ?

Personalisation and novel foods

Different people have
different, opposite
responses to
standardized meal,

bread, Zeevietal.,,
2015, Cell

022

285 286

GWAS : SNPs, common variants have often only moderate despite low penetrance of SNPs
effects; in different metabolicareas . . . b
D-T-C genetic testing for nutritional advice

For diseases controlled by 1000 loci of mean relative
riskof only 1.04, a case-control study with 10,000

75loci .
that explain >50% of the genetic variance. The 5% of But:
people with the highest predictd riskare three to FTO+MC4R : 1.7 %
seven times more lkelytosuffer the diseasethan the i reace in fat mass
population average, depending on heritability and

Whether an e

genetic riskdevelops the disease depends on known
and unknown environmental factors.

. Fomn e 2.t ety vk

Melanocortin

Prediction of individual genetic risk 1o disese
from genome-wide asociation studies
. s e

287 288

7076 opan gencmes
T84 OoanShE 1262 PP
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Missing heritability: what is missing to understand a
phenotype: gene- environment interactions,
epigenetics, reversibility

}-|>.

HAE SR

I l M I 2003: Randy L Jirtle
A
T

289

CpG Methylation, Epigenetic clock,

reflect C.R., nutrition

Intrinsic age: Horvath
multipletissues.
Extrinsic Hannum,
blood cell

2022

291

Epigenetics mechanisms, Interactions,
early imprinting

04.01.2022

290

Nutrition: central importance Epigenetic histone-mediated
regulation: e.g. C.R. regulate sirts, (HDACs; do all benefit from a
SIRT diet ?

{E‘.‘;ba‘/‘”“. ‘;; @@ m’:?‘ngl ‘
. emembie

Y7 W ntandmu i adendends i -
@ SV e B S s Rt
= B B e gl
292
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Epigenetic miRNAs: food borne and
regulators and markers of metabolic
mechanisms, phenotypes, disorders

s -

R
R R
ARG
AR107 nR1Z

- arithsd RIS ignesc confrbusion o obssy
k16 AR
R 1) R
k15 R
k1R R
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aRm R
k4
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022 AG Haserger 203
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highly personal different responses of microbiota
to diets, (crossfeedinG) and metabolisation of
foods

butyrate

! Pobptencis
- ] {
~ i R
SN Pobmhanois PRAIEL W ot W ol

Mirobistmetsboltes of pohencls

Heskthy gt barrer
ot infamed

g M.t
oy

METABOLIC PRODUCTS.
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High Individual diversity of gut microbiota reflects
nutrition and lifestyle , results in different expression of
metabolites esp. SCFAs

et ot g s s o b

S oy

2022 Gaye SC et MKTOBICkgyopEn 2017

294

Correlation of microbiota structure with
Glycemic responses used for algorithms for

dietary advice
P )|
Personalized Nutrition . o

P

Beispiel - Personalized Nutrition by Prediction of Glycemic Responses.
Dot oo 2006

* 800 Personen - jeder hat andere.
<post meal Ghucose response”

Eran Elinay and Eran Segal,
Weizmann Institute of monitoring
the blood sugar, diets, and other
traits of 800 people, they buitan
algorithm that can accurately
predict how a person's blood-sugar
Tevels wil spke after eating any
given meal

They also used these personalized
predictions to develop tailored
dietary plans for keeping blood
sugar in check

2022 AG Hastberger 29
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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

So, Geneticand 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)

297

Faces of personal aging: correlations of age
with telomers, CPG-methylation,
inflammation, mirnas( n>500)

Correlation age with telomere-shortening

Correlation age with CPG methylation ASPA

2022

299
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Personal different responses to nutriton affect aging, e.g. clock and

300

other hallmarks of aging. this results in personal types of aging,

L
1191501z P 1) -
b 32y
G G #1575

acion
G P2 T

Age dependent epigenetic markers: In the Metabolicdisease
group (MD) correlationsare disrupted, n>300

Eid
lMarker __Janalyss__|comparison
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different aging patterns ( age related Mirnas) in metabolic

disease group

Healihy controls

Bz 0 w040 505 606

Metaboli disease
T 2 0N 046 059 069 7080 Imarker lan
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Conequences for Intervention: Flagship EU-
Food4me study results prove , personal nutrition

does better than on size fits all”, J. Mathers
=|

[IpeTp———

ELY

2022

303

the FTOiskallek (level 3AT/AR
cariers)thanin the nonpersonalized

04.01.2022

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 )

Hereditary SNPs

Somatic mutatiions
Epigenetic (hereditary) or
acugired mismethylations,
Histone modifocations or
NCRNA structure

Delivery or accessed
microbiota dysbiosis

Psycho- neuro- immune
endocrine axis

Symptomatic treatment

Causative treatment ?
Epigenetic active additives?
mTOR — Inhibitors ?
Nutrition, Lifestyle

Causative treatment ? pro-,
pre, postbiotics? Nutrition,
Lifestyle

Definition of metabotypes from genetic-, microbiota-
metabolomics based information, Metabotyping

2022 AG Haslberger

04
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Personalisation of additives for Prevention

Conseq uences of I\/IetAbotypes, diets Monitoring basic hallmarks of health/aging. Use of mixes of supplements,
functional foods which address specific mechanisms , Achilles Fersen
nexT step trackers Concept”
Spectrum of Possiilites for Human Metabolism S —
Carbo Types Mixed Types Protein Types W

Ovavear med b e, Catohpbore, Petom foh b s o D
. Duorasg

o e Qarewi: [y ——
o oy it s et i -

gy s e oundy s st e o bian

sy Siping 4 k0 by de .

N bgh gy Vg Needs o gt quey e Pre: n Probiotics +

Prebiotics with Viome's
Gut Intelligence™ Test

skt i bt P& Pt vy masl .

305 306

And what happens to the nutrition pyramide? But already the dietary Importance of good Markers, Nutrition: following the way of
reference values1992 US USDA-Pyramide, used an individualised personalised, prezision medicine, CFDNA) ?
approach, age, lifestyle (work)

Epigenetic markers, quite
stable, eg condens
events over longer time

B
g H spans
e Metabolomic marker ~ Tumoreelis . Cecsmry
E : reflect more immediate
g ] s Croutatng
3 [ T————— 5 o
S 4 e Conca d Chosty s P 4

Tt P HesHesr:

® O Ewcome
Circulation

[T

Lo
John Neustadt
Integrative Medicine 2005

2022 AG Hastoerger 307
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Prevention, intervention, Salutogenesis
personal or precision medicine, synonyme?
personal or precision nutrition, synonyme?

Application of Molecular Medicine towards
personalised treatment

Precision-, personalised nutrition,
the way we 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).

04.01.2022

Precision, personalised nutrition,
where we are, where to go

Peesuraliceie Ermthueg ad Elselling] Kacsifzierung yom e
EAbaitchan Typan bidieioid dul GREaTICNES, SpAGSRALANES Sd
mikrbisogss ben dnlysen

Presonained nution 4nd dlssifcatin of metabasic types bised
on geeutic, 2  mitrbits

. Iready made and chal a1, 2016)

Prevention, intervention: personal precision
medicine, personal precision nutrition

Precision Nutrition

Objectives aging:

+ longevity,?

* healthy life span ?

+ age related complex
diseases?

312
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Analyss of molecular markers of different aging mechanisms and Epigenetic and Salutogenesis : the bridge between
unctional foods adressing the personal hazard may contribute to a . o s .
personal, preventive health care, disease prevention, healthy aging scientific redUCthnlSm of markers and meChar“SmS and

the need address the entire person ?

N e Personal Omics Protili
fopican o Melecur Medkine enarss Objectives aging: = = o A
Current hoalth care Oesirable haaith care ° IongEVity’ i ‘:;.:"':“ Billons af Eplgmtm-mdglngxhegapwnnav.umdnunun
. * healthy life span o e T )
! * age related RS i
= — complex L FET
diseases? ' - %
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