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Å Increasingnumberof flexitariansin Europe
ï Increaseturnover of vegetarianproductswith 25% in 2016 (Carrefour, 

Mooijman, 2017),  6% in 2018, expectedincreasein 2019 with 8% 
(Menkveld, 2018)

Å Innovationactions
ïPublications in literature
ïNew insigts, new possibilities
ïNew products

Consumption/market trends



Demandson alternativeingredientsto
beusedin novelproducts

ÅSupply

ÅNutritionalvalue

ÅEnvironmentalimpact

ÅFunctionalproperties

ÅTaste andcolour

ÅRegulatoryaspects

Translation: haver, mungbonen, kikkererwten, 
linzen, lijnzaad, zonnebloempitten



Non meatprotein sources usedas 
ingredientsin novelproducts
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Expectationsfor ingredientswitch in 
food products

Lux Research, 2014



First generationproducts being
developed

Å First generationproducts: the traditional alternatives(from Azian
tradition)

ï Tofu: pressedsoymilk

ï Tempeh: pressedandfermentedsoybeans

ï Seitan: doughof wheatgluten



Second generationproductsbeing
developed

ÅSecond generationproducts: compositeplant derived
products(soy, heppep, quinoaetc.) in the form of 
burgers andsausages



Thirdgenerationproductsbeing
developed

ÅMeat mimics; recentlyon the market
Å Textureandtaste veryclose to meatproducts
ÅMeat like structureobtainedby high moistureextrusion
ÅΨ¢ƘŜ impossibleōǳǊƎŜǊΩ ǿƛǘƘ Daa producedsoyleghemoglobine 

(analogueto animalhemoglobine andmyoglobin



ProteinFibrationtechnologyor High 
moistureextrusion(HMEC)

ÅToobtain from alternativeprotein sources 
meat-like fibre structures



Scheme and principle HMEC

Stage 2 Stage 1

Thermomechanical processing of proteins in 
screw-barrel assembly at high moisture 
content (50-70%) and temperatures above 
140°C

Protein fibration in a 
long thermoregulated
die assembly



Fourthgenerationof developed
products

ÅCultivatedmeatalternatives
ïBiomasses: fungi (Quorn) andbacteriae
ïCultivatedmeat: still needfor growth factors derived

from calfserum or producedby GMM



Otheringredients: insects, algae, 
duckweed, hybridmeatproducts

bioactivecompounts

Waste stream vegetables
andfruit

Processedmeatproducts

Å Motivation for hybridmeatproducts
ï Sustainability(eventuallyusingplant derivedrest straems)
ï Human health by incorporationof plant derived

antixodiants
ï Improvedqualityandextendedshelflife



Nutritionalbenefits anddrawbacks of 
a plant baseddiet

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

High content of argininandglycin

Lessmethionin, alanin/more histidin, 
threonin; high arginin, glutamicacid

Low BMI and plasma cholesterol levels and lower 
risk for related diseases
Beneficial to skin, eye sensitivity,  immunologic 
functions,  improved absorption of iron

Low risk for atherosclerosis
Linked with lower development cancer

Lowers blood pressure => lower risk heart failure 
and ischemic diseases

Low bio-availabilityiron, zinc
Low content vit B12, vit D (vegan)

Higher risk of e.g. anemia, demyelinisation, 
damage to children/foetus
Low vitamin D linked to lower calcium absorption 
causing severe health problems

Most plant protein have an 
incomplete essential amino acid 
profile

Generally needed for basic metabolic functions 



Food safetyrisksof a plant baseddiet

ÅAntinutrionalfactors (phytate, tannins, lectins, enzyme 
inhibitors, saponins)
ïwill bind with nutrients such as protein, vitamins and 

minerals, and will lower the absorption

ÅToxiccompoundse.g. mycotoxins
ÅAllergeniccompounds: meat is low allergenic

comparedto plants/ insects
ÅUnexpectedmicrobiologicalandchemicalrisks(e.g. 

relatedto consumptionpattern with lessprocessed
food, technologicalprocessesas sproutingand
fermentation, productionin water environments)



Nutritionalandfood safetyaspectsas 
drivers for innovation

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

Processing influences allergenicity
Cereals containing gluten, nuts, peanuts, 
soybeans, lupin and sesame

Processing influences protein 
digestibility

Boiling in water improves protein quality
Toasting and dry heating reduces protein quality

Supplementation with iron, zinc, vit
D, vit B12

Vitamins can be produced by genetically 
modified microorganisms

Balancing products for providing 
essential amino acids

Amino acid profiling of different non-animal 
protein sources



Food safetyriskslinkedto new food 
productsandnew consumptiontrends

ÅIntrinsicto the product (endogenous) andexogenous
(dueto cultivatingenvironment)
ÅExamples
ïAlternativeprotein sources
ÅMicrobialbiomassof bacterialor fungalorigin
ÅInsects
ÅAlgae: microalgaeandseaweed
Å5ǳŎƪǿŜŜŘ όΨŜŜƴŘŜƴƪǊƻƻǎΩύ
ÅComponentsfrom Geneticallymodifiedmicroorganism(GMM) 

ïSuper food ςgojbes; edibleflowersandself-harvesting
spices/ flowers
ïFreezingvegetablesconsumedas ready to eat



Microbialbiomassas alternativeprotein
source

Å Microbialbiomass
ÅHigh content of nucleicacidsis considered
ÅBacterialoriginalsopossiblepresenceof lipopolysaccharidesfrom Gram negativecell

walls
Å Fungalorigin: possiblepresenceof harmfulsecundarymetabolitesas mycotoxins

Å Example: Quorn as fungalbiomass
ï Quorn commercializedbefore1997, thereforeno novelfood
ï Produced with fungal strain FusariumvenenatumA3/5 strain, genetically 

equipped to produce several myctotoxins
ï Conditions of production process (exponential phase) would not induce 

mycotoxin production
ï During production continuous follow up of presence of: 

Å nivalenol(NIV), deoxynivalenol(DON), 3-acetyldeoxynivalenol (3-AcDON),  
diacetoxyscirpenol(DAS), fusarenoneX, neosolaniol

Å fusarinmycotoxin
Å other secondary metabolites as enniatins, T-2 

ï Need for risk evaluation and risk management
ï Allergenicity: different reports on cross-reactive allergic reaction as a 

consequence of quornconsumption (EFSA journal 2010: 8(7):1700)



Insects

ÅGrowthsubstrateneedsto besafe (animalfeed legislation)
ÅHigh microbialcontent dueto presenceof intestines; 

heatingbeforeconsumptionis advised
ÅHigherrisk for peoplewith allergyfor shellfishanddust

mite (cross reactivity, tropomyosines)
ÅDefensivesecretionsof certaininsectscouldbe toxinogenic

for human ςevaluatedconform the novelfood legislation

http://www.favv.be/wetenschappelijkcomite/adviezen/_documents/ADVIE
S14-2014_NL_DOSSIER2014-04_002.pdf, 
http://www.health.belgium.be/internet2Prd/groups/public/@public/@shc
/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

Å Microalgae
ï About2% of 4000 varietiesform neurotoxinsandhepatotoxins
ï No toxinsfound in SpirulinaandChlorella(onlygenera acceptedin EU); - some

extractsof Chlorellahave been found cytotoxicandpheosafetyevaluation
algaeneedto be performedat strainlevel phorbides, givingriseto
photosensibilizationweredetected

ï Safety hazards includealsoallergens, pathogens, heavy metalsandpesticides

Å Seaweed
ï Iodine
ï Antinutrionalfactors as lectins, tannins, phyticacid
ï High levels of trypsinandamylase inhibitors
ï Heavy metals, ammonium, dioxinsandpesticides

Å Duckweed
ï Heavy metals, phenols, pesticides, dioxinsandpathogense.g. pathogenicE. 

coli, Clostridiumbotulinum
ï Secondarymetabolitesproducedby specificspecies of duckweede.g. oxalic

acid



Componentsproducedby Genetically
modifiedmicroorganisms

Å Leghemoglobinproducedby the yeastKomagatellaphaffii (previouslyPichiapastoris) 
for productionof theΨimpossibleŦƻƻŘ ōǳǊƎŜǊΩ 

Å vitaminB12 andvitaminD 
Å Safety evaluationneededby EFSA underthe novelfood legislation

ï basedon principleof QPS (QualifiedPresumptionof Safety)
Å QPS providesa safetystatus for microorganismsusedin the food andfeed chain, triggeredby anEFSA 

dossier
Å Microorganismwith a QPS status ςapplicationmaynot needto providespecifictoxicologicaltest data 

includinganimaltests

ï QPS is also applicable for GMM in the case the genetic modification is not introducing a safety 
concern

ï List available via link https://zenodo.org/record/2565996#.XOzrjXduKUk

https://zenodo.org/record/2565996#.XOzrjXduKUk


Gojibes, edibleflowersandself-
harvestingspices/ flowers

Å Gojibes
ï Increaseduseas (dried) berries in juices, muesly, tea; also

online sale is common
ï Literatureconcerns mostlythe health-promoting effects
ï Safety hazards (gojibesbelongsto family of Solanaceaeas 

patotoesandtomatoes)
Å High nicotine content ςnot knownof exogenousor endogenous

origin
Å Plant toxinsas alkaloids, anthroquinonescouldbe present
Å Mycotoxinsas aflatoxins, ochratoxinA
Å Possibleinteractionwith human medicationagainstblood

clotting, bloodpressure, diabetes
Å Allergenic

Å Edibleflowersandself-harvestingspices/ flowers
ï Increasedusein restaurants/chefs, at home andonline sale
ï Safety hazards

Å Toxins; mainlydueto misidentificationflower species 
Å Pesticides
Å Triggering allergies
Å Highlyperishable; limited shelflife due to microbialgrowth


