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-- CholesterolCholesterol
-- BloodBlood sugarsugar

-- BloodBlood pressurepressure
-- CancerCancer

-- CardioCardio--
vascularvascular

diseasedisease



 Epidemiological studies - inverse association 
between vegetable consumption and cancer

 Secondary plant metabolites with health-
promoting properties

Le Marchand et al. 1989

Vegetables - secondary plant 
metabolites � human diet

very low low high                        very high

Vegetable consumption

R
el

at
iv

e 
ris

k



SecondarySecondary plant plant metabolitesmetabolites

GlucosinolatesGlucosinolates

PolyphenolsPolyphenols

ChlorophyllsChlorophylls

SaponinsSaponins

CarotenoidsCarotenoids
SulfidesSulfides

PhytoestrogensPhytoestrogens

MonoterpenesMonoterpenes

ProteaseProtease
inhibitorsinhibitors

PhytosterolsPhytosterols
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Le Marchand et al. 1989 

Vegetables - secondary plant 
metabolites � human diet
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 500 g broccoli, 400 g cabbage, 85 g water cress 
per day

 Dietary strategy: increasing levels of secondary 
plant metabolites 
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Glucosinolates (GS)

 Aliphatic GS
 Glucoraphanin

(4-Methylsulfinylbutyl GS )
 Sinigrin (2-propenyl GS)

 Aromatic GS
 Glucotropaeolin (Benzyl GS)
 Gluconasturtiin (2-Phenylethyl GS)

 Indole GS 
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Brassicales Brassicales speciesspecies withwith
desireddesired glucosinolateglucosinolate

Glucoraphanin

Gluconasturtiin

Glucotropaeolin

Indole GS



PostPost--grad grad BrassicaBrassica

vegetablesvegetables

Hongkong, Central 2010

 Breeding
 Transgenic plants
 Elicitor application
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TargetedTargeted elicitorelicitor applicationapplication forfor influencinginfluencing
glucosinolate glucosinolate biosynthesisbiosynthesis
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application
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application
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application

PPFD

Atmospheric CO2/O2

UV-B irradiation

gamma irradiation

Temperature
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New New foodsfoods requirerequire newnew plant plant cultivationcultivation
systemssystems -- BiomanufacturingBiomanufacturing

Patent PCT/EP2007/000788

 No extraction from plant 
 Continuous collection of glucosinolates

 Highly responsive to elicitor applications



ApplicationApplication chemicalchemical elicitorselicitors ��
signalingsignaling moleculesmolecules

Methyl jasmonate
Salicylic acid

Smetanska , Krumbein, Schreiner & Knorr. J. Hort. Sci. Biotechnol. 82, 2007.
Patent PCT/EP2007/000788

Schreiner, Krumbein, Knorr & Smetanska. J. Agric. Food Chem. 59, 2011.

Aromatic GS Aromatic 

desulfo GS

Aromatic 

GS

Aromatic

thiohydro-

ximate
Phe

Aromatic

aldoxime
CYP79

A2 S trans

Aromatic

thiohydro-

ximic acid

CYP83

B1 

C-S-

lyase
SGT

Indole GS Indolic

desulfo GS

Indole 

GS

Indolic

thiohydro-

ximate
Tryp

Indolic

aldoxime
CYP79

B2/B3 S trans

Indolic

thiohydro-

ximic acid

CYP83

B1 

C-S-

lyase
SGT



7-10 cm

RootRoot developmentdevelopment of of 
B. B. raparapa in in aeroponicaeroponic systemsystem

ca. 80 cm



EffectEffect of of signallingsignalling moleculemolecule applicationapplication
on 2on 2--phenylethyl glucosinolate phenylethyl glucosinolate 

((gluconasturtiingluconasturtiin) in ) in Brassica Brassica raparapa

Smetanska , Krumbein, Schreiner & Knorr. J. Hort. Sci. Biotechnol. 82, 2007.
Patent PCT/EP2007/000788

Schreiner, Krumbein, Knorr & Smetanska. J. Agric. Food Chem. 59, 2011.
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EffectEffect of of signallingsignalling moleculemolecule applicationapplication
on 2on 2--phenylethyl glucosinolate phenylethyl glucosinolate 

((gluconasturtiingluconasturtiin) in ) in Brassica Brassica raparapa

Smetanska , Krumbein, Schreiner & Knorr. J. Hort. Sci. Biotechnol. 82, 2007.
Patent PCT/EP2007/000788

Schreiner, Krumbein, Knorr & Smetanska. J. Agric. Food Chem. 59, 2011.
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ApplicationApplication of of chemicalchemical elicitorselicitors ��
Signal Signal moleculemolecule + + AminoAmino acidacid + + phytohormonephytohormone

Wiesner, Krumbein, Zrenner, Glatt & Schreiner. Elsinore, Denmark, 2009.



UVUV--B B applicationsapplications
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UVUV--B B applicationapplication �� nasturtiumnasturtium
glucosinolatesglucosinolates

Schreiner & Huyskens-Keil. Crit. Rev. Plant Sci. 25, 2006.
Schreiner, Krumbein, Mewis, Ulrichs & Huyskens-Keil. EcoSummit, 2007. 

Schreiner, Krumbein, Mewis, Ulrichs & Huyskens-Keil. Innovative Food Emer. Technol. 10, 2009.
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Organ differentiated UV-B 
response

increased expansion of surface area

increased UV-B effect on sustainable benzyl
glucosinolate (glucotropaeolin) accumulation



Functional Functional effectseffects of glucosinolatesof glucosinolates

Aliphatic GS

4-Methylsulfinylbutyl GS  

(Glucoraphanin) 

4-Methylsulfinylbutyl Isothiocyanat

(Sulforaphane)

Indole GS

1-Methoxy-3-Indolylmethyl GS 

(Neoglucobrassicin)

Indole-3-carbinol (I3C)

Glatt, Baasanjav-Gerber, Schumacher, Monien, 
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55, 1-10.
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Brigelius-Flohé. 2010 Biol. Chem. 391,1281-

1293.

Banning, Deubel, Kluth, Zhou, Brigelius-

Flohé. 2005 Mol. Cell Biol. 25: 4914-4923. 
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Res. 40:775-787.

FF - Product

Functional
effects

Process
technology

Plant 
Systems
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Glucosinolates Glucosinolates -- DosesDoses

Baasanjav-Gerber, Schreiner, Iori & Glatt. Naunyn - Schmiedbergs Arch. Pharmacol. 375, Suppl. 1, 2007.
Baasanjav-Gerber, Monien, Mewis, Schreiner, Barillari, Iori & Glatt. Mol. Nutr. Food Res. 55, 2011.

Glatt, Baasanjav-Gerber, Schumacher, Monien, Schreiner, Frank, Seidel & Engst. Chem. Biol. 192, 2011.

Broccoli raw Broccoli cooked Broccoli sprouts Cauliflower raw

Liver Intestine    



Glucosinolates Revertants per nmol

Glucoiberin <1 
Glucoraphanin <0.4 
Glucoraphenin <0.2 
Glucorophasatin 0.6 
Sinigrin 0.5 
Gluconapin 0.2 
Glucotropaeolin 4 
Sinalbin 3.5 
Gluconasturtiin 2 
Glucobrassicin 1.5 
NeoglucobrassicinNeoglucobrassicin 100 100 
4-Methoxyglucobrassicin 0.2 

Baasanjav-Gerber, Monien, Mewis, Schreiner, Barillari, Iori & Glatt. Mol. Nutr. Food Res. 55, 2011.

MutagenicMutagenic activityactivity of glucosinolates in of glucosinolates in SalmonellaSalmonella typhimuriumtyphimurium

strainstrain TA104, TA104, testedtested in in thethe presencepresence of myrosinaseof myrosinase



Saw et al. 2010. Chinese Medicine, 37.

TranscriptionTranscription factorfactor Nrf2Nrf2
Nuclear factor (erythroid-

derived 2) - related factor 2

hydrolysed glucoraphanin (sulforaphane)



NuclearNuclear translocationtranslocation of Nrf2 of Nrf2 isis increasedincreased byby syntheticsynthetic
sulforaphanesulforaphane and and hydrolysedhydrolysed glucoraphanin (GRA) glucoraphanin (GRA) butbut

notnot byby hydrolysedhydrolysed neoglucobrassicinneoglucobrassicin ((nGBSnGBS))

Haack, Löwinger, Lippmann, Kipp, Pagnotta, Iori, Monien, Glatt, Brauer, Wessjohann, Brigelius-Flohé. 2010 
Biol. Chem. 391,1281-1293.



NQO1 NQO1 activityactivity isis increasedincreased byby hydrolysedhydrolysed
glucoraphanin (GRA) glucoraphanin (GRA) butbut notnot byby hydrolysedhydrolysed

neoglucobrassicinneoglucobrassicin ((nGBSnGBS))

Haack, Löwinger, Lippmann, Kipp, Pagnotta, Iori, Monien, Glatt, Brauer, Wessjohann, Brigelius-Flohé. 2010 
Biol. Chem. 391,1281-1293.

Phase II Phase II enzymesenzymes
 NQO1 - NAD(P)H:quinone-

oxidoreductase 1
 GPx2 glutathione peroxidase 2



Future Future viewview �� functionalfunctional sweetssweets
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