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Cruciferous Vegetables



glucosinolates
Vitamins 
A, C, E, 
folate

Nutrients: for growth, development & energy

Bioactive Food Components: to slow or reverse 
chronic disease

Fiber

Minerals:Ca, Mn, Mg

Flavonoids

Selenium

Nutrients Bioactives
Phytochemicals
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Dark Chocolate   951 mg/40g
Milk Chocolate   394 mg/40g

Dark Chocolate   951 mg/40 g
Milk Chocolate   394 mg/40 g

Hot Chocolate    45mg/240mL 

Black Tea   943mg/240mL
Red Wine   431mg/240 mL

Hot Chocolate    45 mg/240 mL 

Broccoli Florets  34.5 mg/100 g
Red Wine   431 mg/240 mL



Risk Decrease (%)

All vegetables 25% (p=0.43) Colon
Crucifers 49% (p=0.004) (ratio low: high intake)
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Crucifers 49% (p=0.004) (ratio low: high intake)

All vegetables 19% (p=0.15) Prostate
Crucifers 46% (p=0.01) (ratio <1:>3 servings/wk)

Voorrips et al, 2000; Cohen et al, 2000 
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Intake Low Mid High
Servings/ day 0.08 0.43 0.86

Risk 1.00 0.88 0.63
P=0.001

Cornelis et al, 2007
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Intake Low Mid High 
Servings/ day 0.08 0.43 0.86

Non-smokers

$���������	�
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���	���%���!���

Non-smokers
Risk for infarct 1.00 0.95 0.76
P=0.007
Smokers
Risk for infarct 100 0.79 0.48
P=0.001

Cornelis et al, 2007



Risk Decrease (%)

All vegetables 25% (p=0.43) Colon
Crucifers 49% (p=0.004) (ratio low: high intake)
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Crucifers 49% (p=0.004) (ratio low: high intake)

All vegetables 19% (p=0.15) Prostate
Crucifers 46% (p=0.01) (ratio <1:>3 servings/wk)

Voorrips et al, 2000; Cohen et al, 2000 
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Chemicals, Virus,Chemicals, Virus,
RadiationRadiation

SulforaphaneSulforaphaneSulforaphaneSulforaphane

Induce Phase II 
Detoxification EnzymesInhibit P4501A1 Activation

Initiation

Promotion

Progression

Preventing DNA Adducts

Detoxification EnzymesInhibit P4501A1 Activation

Inactivation/ excretion
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Schedule A - One Week Before Initiation to End
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Gills et al, 2006



DMBA: Dimethyl benzanthracene Sulforaphane, 0, 1, 5, 10 mmmmmol/ mouse

1 2 3Sulforaphane protection against DMBA-induced skin tumorigenesis

Female CD-1 mice, 4 wks

DMBA TPA(16 wks)

1
2

3

Anti initiation

Anti initiation & promotion
Anti promotion



What about whole broccoli ?
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Copenhagen
Male rats

Control Diet n = 26

Study Diets (AIN-93G based)
Were pre-fed for 1 month

Inoculated
with

Dunning

High Lycopene (0.25g lyc/kg diet) n = 27

Low Lycopene (0.025g lyc/kg diet) n = 23Male rats
Aged ~ 1mo.

N = 206

Randomized 
to equally 
distribute

body weights.

10% Tomato Powder n = 27

10% Broccoli Powder n = 26

10% Tomato + 10% Broccoli n = 26

Dunning
R3327-H
Prostate

Carcinoma

Tumors are
allowed to
grow for 
18 weeks

until termination
of the study.

Low Lycopene (0.025g lyc/kg diet) n = 23

5% Tomato + 5% Broccoli n = 24

Finasteride Gavage (5 mg/kg BW) n = 12

Castrated Group fed Control Diet n = 15
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Chemicals, Virus,Chemicals, Virus,
RadiationRadiation

SulforaphaneSulforaphaneSulforaphaneSulforaphane

Induce Phase II 
Detoxification EnzymesInhibit P450 Activation

Initiation

Promotion

Progression

Sulforaphane

Arrest Cell Cycle

Preventing DNA Adducts

Detoxification EnzymesInhibit P450 Activation

Inactivation/ excretion

Apoptosis
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Variety or Category % Positive

Vegetables 80%  (59/74)
Fruits 64%  (36/56)
Raw Vegetables 87%  (40/46)
BrassicaVegetables 69%  (38/55)BrassicaVegetables 69%  (38/55)
Allium Vegetables 77%  (27/35)
Green vegetables 77%  (68/88)
Carrots 81%  (59/73)
Tomatoes 71%  (36/51)
Citrus Fruit 66%  (27/41)

The 1997 World Cancer Research Fund and the American Institute for Cancer Research (WCRF/AICR) report:
Food, Nutrition and the Prevention of Cancer: a global perspective, p442. by John D Potter and other panel members
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Diet

Genotype/ 
EthnicityAge, Medical 

History
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Decreased risk (%)
Crucifers/ non-smokers 30% (ns)
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Crucifers/ non-smokers 30% (ns)

Crucifers/ smokers 69% (p<0.05)

Zhao et al, 2001
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Diet

Genotype/ 
EthnicityAge, Medical 

History

Plant Genetics

Growing 
Environment

Processing
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Lutein

Beta-carotene

� �� �� �� �� �� ��


���
�$

%���


��&� ��

� �''$

� �������

� �(�#�


���
�

� ��
�

� ��

� �� �)���
��
��
��
��
��
�	



��
�



� ��������

Means, 22 different broccoli genotypes ( mmmmmol/100g DW), 
one season, one location
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glucoraphanin
glucobrassicin

Kushad et al, 1999
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* Several common varieties are 
stable across environments

*

e.g., Brigadier, EU8-1, 
and VI-158 

Brown et al, 2002
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Source of Variation Aliphatic Indolyl
(glucoraphanin)   (gluco- &  neoglucobrassicin)(glucoraphanin)   (gluco- &  neoglucobrassicin)

Genotype 61 %61 % 12 %

Environment 5 % 33 %33 %

G x E           10 % 21 %

Residual 24 % 32 %
Brown et al, 2002



Bioactivity of indolyl glucosinolates

�� I3C upI3C up--regulates synthesis of phase I and II detoxification enzymes regulates synthesis of phase I and II detoxification enzymes 
facilitating elimination of carcinogens facilitating elimination of carcinogens (Wortelboer et al., 1992).(Wortelboer et al., 1992).

�� I3C inhibits proliferation of human breast cancer cellsI3C inhibits proliferation of human breast cancer cells..

�� I3C induces apoptosis and cell cycle arrest in human prostate cancer cell lines I3C induces apoptosis and cell cycle arrest in human prostate cancer cell lines 
(Nachshon(Nachshon--Kedmi et al., 2003).Kedmi et al., 2003).
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• 40 mM NaCl increased glucosinolates 
4-fold, in florets and leaves.

• Flavonoids, relatively low in florets and 
usually rich in leaves, were decreased usually rich in leaves, were decreased 
by 60% in leaves with 40 mM NaCl.

• Vitamin C unchanged

Lopez-Berguer et al 2009



N mmol/L Glucoraphanin Glucobrassicin
5 0.15 ���� 0.01 0.18���� 0.04
10 o.46 ���� 0.08 0.25���� 0.01
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10 o.46 ���� 0.08 0.25���� 0.01
20 0.88���� 0.06 0.28���� 0.00

Gui-Xiao et al, 2009
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Omirou et al, 2009

Aliphatic Indole GSL
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Broccoli, Brassica oleracea, was treated with increasing 
amounts of sodium selenate during production
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Se treatment total glucosinolate aliphatic glucosinolate 

(mostly glucoraphanin)

0 ppm 15.9 +/- 1.7a 11.4 +/-1.4a

100 ppm 14.0 +/- 2.4 ab 8.0 +/- 1.8 ab

1000 ppm 11.6 +/- 1.8 b 6.5 +/- 1.7 b

Robbins et al, 2005
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Broccoli, Brassica oleracea, was treated with low amounts of 
sodium selenate during production
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Liu et al, 2009

Glucosinolate: total aliphatic indoles
0 ppm Se 8.3 +/- 0.3 3.1 +/- 0.4 3.4 +/- 0.6
3 ppm Se 17.9 +/- 0.5 3.4 +/- 0.6 12.7 +/- 0.7*

*  95 % Neoglucobrassicin 
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M. Berhow
350 1500 3000 10,000 30,000 mmmmL CO2 Liter-1 



Dry Weight (g) Rosmarinic Acid (mg /gDW) 

PPFD 350 10,000 350 10,000

40 0.39 ���� 0.03 a 0.98 ���� 0.08 a 1.08 ���� 0.01 a 3.85 ���� 0.03 a

*���	���	�
���

���
��	
������	��	���������	
���)�	�����	 ;?9	��	29.999	 mmmmC	 � : C%2���	����	
���
�	�����������	���	D	)��!�=

80 0.58 ���� 0.08 a 2.06 ���� 0.11 b 1.18 ���� 0.02 a 4.34 ���� 0,05 a

120 0.46 ���� 0.03 a 2.78 ���� 0.39 b 1.17 ���� 0.05 a 6.75 ���� 0.18 b

180 0.33 ���� 0.03 a 1.30 ���� 0.14 a 0.91 ���� 0.04 a 8.08 ���� 0.09 b

PPFD: photosynthesis photon flux density
M. Berhow
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Processing tomatoes causes 5 – 9% of 
lycopene to be in the cis form, which is 
more readily absorbed
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� Cancer site    Intake                   Decreased Risk        
Bladder1 >5 serving/wk       51%      

� Lymphoma3 >5 serving/wk        43%      
� Prostrate4 >3 serving/wk        41%      
� Prostrate5 5 serving/wk          39%     
� Breast6 Quartile 4               50%     
� Kidney7 Quartile 4               47%     
� Ovarian8 >0.83 serving/d      25%       

�.�/��
�0����������111���.�2
�
����������&&����.�2
 � �����������&&&���.��

� ����������&&&��
#.�3
�
 ������������&&&���.�	
�������������&&���'.� 40� ����������115��5.�(�������������
�&&�



/�'�+#�"���#��$���#��0������������������
����������'��������$�����
���1

�����0�
���$���#��$����2����#���$�$���"��
2�3��#��$��4�
5�

������#��6���7����0�
�

3-5 servings/wk
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Do people eat 3-5 servings/wk ?
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1US Department of Agriculture 



Mette Sondergaard     Jenna Cramer     Sonja Volker

Ren-Hau Lai                                       Marcela Araya         Ning Zhu   
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