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Consumptiovmarket trends

A Increasingiumberof flexitariansin Europe

I Increasaurnover ofvegetarianproductswith 25% in 2016 (Carrefour,
Mooijman, 2017), 6% in 201&¢pectedincreasen 2019 with 8%
(Menkveld, 2018)

A Innovationactions
I Publications ifiterature
I Newinsigts newpossibilities
I Newproducts

Figuur 5 Aantal publicaties per land per capita (2008-2018)
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Demandon alternativeingredientsto
be usedin novelproducts

A Supply

A Nutritional value

A Environmentalmpact
A Functionalproperties
A Tasteandcolour

A Regulatoryaspects
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A Givaudan white paper, ~ Translation havermungbonen kikkererwten,

in collaboration with the  linzen, lijnzaad, zonnebloempitten
University of Berkeley, California



Nonmeatprotein sourcesusedas
Ingredientsin novelproducts

Tabel 1 Overzicht enwitingrediénten

Type Eiwitingrediént
Soja A
Erwten pPeas A
Peulvruchten | Veldbonen legumes A
legumes A

Lupine

Kikkererwten Chickpeas A

Bijproducten | Aardappel potatoes A
zetmeelindustrie | Tarwe Wheat A
Hennep A
Zaden . . .
Quinoa A Nograinfamily ofspinach red beet
Zeewier A Group ofnot related algaefrom sea

— @ Waterplanten
not all yet

Waterlinzen (eendenkroos) B Groupplantsfloatingon water,duckweed

ap p rove d @ Insecten
asnovel _

food
Microbiele
eiwitten

B/C
Microalgen (B)/C Onlyunprocessed:hlorellgSpiruliaacceptedin EU
Schimmeleiwit A/B/C
Bacterién B/C

A:commerciallyavailable B:still novelfood approvalneeded Cscalingup phaseneeded



Expectationgor ingredientswitch in
food products

Figuur 1 Toekomstscenario alternatieve etwit consumptie (op basis van marktonderzoek)
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Lux Research, 2014




Firstgenerationproducts being
developed

A Firstgenerationproducts the traditional alternatlves(from Azian
tradition)

I Tofu:pressedsoymilk

i Tempeh pressedandfermentedsoybeans

I Seitan doughof whea




Secondyenerationproductsbeing

developed

A Seconc benerationproducts compositeplant derived
products(soy, heppep quinoaetc.) inthe form of
burgersandsausages




Thirdgenerationproductsbeing
developed

A Meat mimics recentlyon the market
A Textureandtaste verycloseto meat products
A Meat like structure obtainedby high moistureextrusion

A W ¢ mnBossibled dzNH S NX) mroducédsoflegl@emoglobine
(analogueto animalhemoglobineand myoglobin
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ProteinFibrationtechnologyor High
moistureextrusion(HMEC)

A Toobtain from alternative protein sources
meatlike fibre structures

FOOD PILOT
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Scheme and principle HMEC

“+—1 Muscle-like chunks Dry mix

Long Twin screw
, | cooling die extruder

1
1 Melting

i Shearing
-------------------- 1 Fiber formation !

________________________________________________

i i 1 Feeding i
i Kneading | i Hydration i
v Unfolding | 1 Compression |

i Shear-alignment
i Fiber stabilization

Thermomechanical processing of proteins in
screwbarrel assembly at high moisture
content (5370%) and temperatures above
140°C

Proteinfibrationin a
longthermoregulated
die assembly




Fourthgenerationof developed
products

A Cultivatedmeatalternatives
I Biomassesfungi (Quornpndbacteriae

I Cultivatedmeat still needfor growth factorsderived
from calfserum orproducedby GMM
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Otheringredients insects algae
d ugk\weed hybrid meat products
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Tomato drepats
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A Motivation for hybrid meatproducts
I Sustainabilityfeventuallyusingplant derivedrest straemg
I Human healthoy incorporationof plantderived
antixodiants
I Improvedqualityandextendedshelflife
bioactivecompounts
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Waste streanvegetables Processedneat products
andfruit
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Nutritional benefitsanddrawbacks of
a plantbaseddiet

Low BMI and plasma cholesterol levels and lower
risk for related diseases

Beneficial to skin, eye sensitivity, immunologic
functions, improved absorption of iron

Low salt and fat content
More unsaturated/less saturated fat
High fibre, potassium, carotenoidat C

High content ofargininandglycin Low risk for atherosclerosis
Linked with lower development cancer

Lessmethionin, alaninmore histidin, Lowers blood pressure => lower risk heart failure
threonin; higharginin glutamicacid and ischemic diseases
Most plant protein have an
incomplete essential amino acid ~ |—»| Generally needed for basic metabolic functions
profile
e N ( A
Higher risk of e.canemig demyelinisation
Lowbio-availabilityiron, zinc —p | damage to children/foetus
Low content vit B12, vit Dy¢gan Low vitamin D linked to lower calcium absorptign
causing severe health problems
. S \_ J




Foodsafetyrisksof a plantbaseddiet

A Antinutrionalfactors phytate, tannins, lectins, enzyme
Inhibitors,saponing
I will bind with nutrients such as protein, vitamins and
minerals, and will lower the absorption

A Toxiccompoundse.g.mycotoxins

A Allergeniccompoundsmeatis lowallergenic
comparedto plantginsects

A Unexpectednicrobiologicabindchemicalrisks(e.g.
relatedto consumptionpattern with lessprocessed
food, technologicaprocessesssproutingand
fermentation, productionin water environments)



Nutritional andfood safetyaspectsas
driversfor innovation

Removal ofantinutritional factors by combination of
A Thermal processing, enzyme application, soaking, sprouting, irradiation and fermentation
A Dehullingand milling: will also lead to loss of vitamins and minerals
A High Pressure Processing, microwave and extrusion: researched
\

Processing influences protein Boiling in water improves protein quality
digestibility > | Toasting and dry heating reduces protein quality

— | Cereals containing gluten, nuts, peanuts,

Processing influencedlergenicity soybeans, lupin and sesame

Supplementation with iron, zinejt Vitamins can be produced by genetically
D,vitB12 modified microorganisms

Balancing products for providing | "Amino acid profiling of different noanimal
essential amino acids protein sources




Foodsafetyriskslinkedto new food
productsand new consumptiontrends

A Intrinsicto the product gndogenougand exogenous
(dueto cultivatingenvironment)

A Examples

I Alternativeprotein sources
A Microbial biomassof bacterialor fungalorigin
A Insects
A Algae microalgaeandseaweed
A5dz01 6SSR O0WSSYRSY{I NRB24aQU
A Componentdrom Geneticallynodified microorganism(GMM)

I Super food; gojbes edibleflowersandseltharvesting
spicegflowers

I Freezingregetablexonsumeadas readyto eat



Microbialbiomassasalternativeprotein

source

A Microbialbiomass

A High content ohucleicacidsis considered

A Bacterialorigin alsopossiblepresenceof lipopolysaccharideom Gramnegativecell
walls

A Fungabrigin: possiblepresenceof harmful secundarymetabolitesasmycotoxins

A Example Quorn agungalbiomass

Quorncommercializedefore 1997 ,therefore no novelfood

Produced with fungal straiRusariunvenenatumA3/5 strain, genetically
equipped to produce severatyctotoxins

Conditions of production process (exponential phase) would not induce
mycotoxin production
During production continuous follow up of presence of:

A nivalenol(NIV),deoxynivaleno(DON), 3acetyldeoxynivalenol (3cDON),
diacetoxyscirpenglDAS)fusarenoneX,neosolaniol

A fusarinmycotoxin
A other secondary metabolites &nniating T-2

Need for risk evaluation and risk management

Allergenicity different reports on crosseactive allergic reaction as a
consequence ofjluorn consumption (EFSA journal 2010: 8(7):1700)



Insects

A Growthsubstrateneedsto be safe @nimalfeed legislatior)

A Highmicrobialcontentdueto presenceof intestines
heatingbefore consumptionis advised

A Higherriskfor peoplewith allergyfor shellfishand dust
mite (crossreactivity, tropomyosine$

A Defensivesecretionsof certaininsectscould be toxinogenic
for humang evaluatedconformthe novelfood legislation

N http://www.favv.be/wetenschappelijkcomite/adviezen/ documents/ADVIE
S142014 NL DOSSIER2@ 002.pdf

¥ http://www.health.belgium.be/internet2Prd/groups/public/@public/@shc
. 8 /documents/ie2divers/19099421.pdf



http://www.favv.be/wetenschappelijkcomite/adviezen/_documents/ADVIES14-2014_NL_DOSSIER2014-04_002.pdf
http://www.health.belgium.be/internet2Prd/groups/public/@public/@shc/documents/ie2divers/19099421.pdf

Algae microalgaeandseaweed
Duckweed

A Microalgae
I About2% of 400arietiesform neurotoxinsand hepatotoxins

I Notoxinsfound inSpirulinaand Chlorella(only generaacceptedin EU)- some
extractsof Chlorellahave been foundytotoxicand pheosafetyevaluation
algaeneedto be performedat strainlevelphorbides givingriseto
photosensibilizatiorwere detected

I Safety hazardscludealsoallergens pathogens heavymetalsand pesticides

A Seaweed
I lodine
I Antinutrionalfactors adectins tannins phyticacid
I High levels ofrypsinandamylase inhibitors
I Heavymetals ammoniumdioxinsand pesticides

A Duckweed

I Heavymetals phenols pesticidesdioxinsand pathogense.g.pathogenicE.
coli, Clostridiumbotulinum

I Secondarynetabolitesproducedby specificspecies ofluckweede.g.oxalic
acid



Componentproducedby Genetically
modified microorganisms

A Leghemoglobimproducedby the yeastkomagatellgphaffii (previouslyPichiapastorig
for productionof the Ynpossiblet 2 2 R 0 dzNH S NX

vitamin Bl2andvitamin D

Safetyevaluationneededby EFSAInderthe novelfood legislation

I basedon principleof QPSQualifiedPresumptionof Safety)

A SPSQrovidesa safetystatusfor microorganismsisedin the food andfeed chaintriggeredby an EFSA
ossier

A Microorganismwith a QPS status applicationmaynot needto provide specifictoxicologicakest data
includinganimaltests

I QPSis also applicable for GMM in the case the genetic modification is not introducing a safet
concern

T List available via linkttps://zenodo.org/record/2565996#. XOzriXduKUk
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Gojibes edibleflowersandself
harvestingspicesflowers

A Gojibes
I Increaseduseas (@ried) berries inuices muesly tea;also
online sale is common
I Literatureconcernanostlythe health-promotingeffects
I Safety hazardgypjibesbelongsto family of Solanaceaas
patotoesandtomatoes

A High nicotine content not known of exogenousr endogenous
origin

Planttoxinsasalkaloids anthroquinonescouldbe present
Mycotoxinsasaflatoxing ochratoxinA

Possiblanteractionwith humanmedicationagainstblood
clotting, blood pressure diabetes

Allergenic

To o Io Do

A Edibleflowersand seltharvestingspices#flowers
I Increasedusein restaurants/chefs, at homandonline sale
I Safety hazards
A Toxins mainlydue to misidentificationflower species
A Pesticides
A Triggeringallergies
A Highlyperishable limited shelflife due to microbialgrowth




