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Goal of D3.3 

 How can berries be better positioned based on health 
effects 
● Content 
● Health claims 

 Identify potential leads for health effects of berry based 
on effects towards the gut & immune system 
 
 Review on what is content of berries and what can be 

potentially used for positioning  
 
 Study effects of berries towards gut epithelium 

● Potential new health benefit 



Preparation of review on effects berries on gut & immune system 

What compounds do berries contain 
 Human trials (berries and or compounds 

highly present in berries)  
 Animal trials 
 In vitro supportive analysis 
 Gaps and new strategies 
 Ready for 90% 



Raspberry Strawberry Blackberry Blueberry Black currant 

Red Raspberry 
 
 
 
 
 
 
 
 
 
 

Black Raspberry 

/ 100 g ADH/100g 
ADH/portio
n 

/ 100 g ADH/100g 
ADH/portion 
 

/ 100 g ADH/100g 
ADH/portion 

/ 100 g ADH/100g 
ADH/portion 

/ 100 g ADH/100g 
ADH/portion 

/ 100 g ADH/100g 
ADH/portion 

Vitamins 

Vitamin C 26 mg 33%** 
22%* 

26 mg 33%** 
22%* 

58.8 mg 74%** 
108%** 

21 mg 26%* 
18%* 

3 mg 4% 
3% 

181.3 
mg 

226%** 
154%** 

Vitamin K 7.8 mcg 10% 
7% 

7.8 mcg 10% 
7% 

2.2 mcg 3% 
4% 

19,8 
mcg 

25%* 
17%* 

19.3 
mcg 

25%* 
17%* 

-- -- 

Minerals 

Manganase 0.7 mg 33%** 
22%* 

0.7 mg 33%** 
22%* 

0.4 mg 19%* 
28%* 

0.6 mg 28%* 
19%* 

0.3 mg 14% 
10% 

0.27 
mg 

13% 
9% 

What is in and can be used for positioning 
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• *Source of; ** Rich in 
• Many EFSA health claims on Vitamin C, K and manganese when product is ‘source of’ 
• Vitamine C: 15 autoriseer claims 

 

Presenter
Presentation Notes
Bron van: bij minimaal 15% van de ADHRijk aan: bij minimaal 30% van de ADH



Raspberry Strawberry Blackberry Blueberry Black 
currant 

Red Black 

/ 100 g / 100 g / 100 g / 100 g / 100 g / 100 g 

Anthocyanidins Cyanidin 45.77 mg 669.01 mg 1.68 mg 99.95 mg 8.46 mg 61.30 mg 
Delphinidin 1.32 mg 0.31 mg 0.00 mg 35.43 mg 87.86 mg 
Malvidin 0.13 mg 0.01 mg 0.00 mg 67.59 mg 
Peonidin 0.12 mg 1.09 mg 0.05 mg 0.21 mg 20.29 mg 0.57 mg 
Petunidin 0.31 mg 0.11 mg 0.00 mg 31.53 mg 3.87 mg 
Pelargonidin 0.98 mg 16.69 mg 24.85 mg 0.45 mg 0.00 mg 1.17 mg 

Flavan-3-ols (-)-Epicatechin 3.52 mg 0.42 mg 4.66 mg 0.62 mg 0.47 mg 
(+)-Catechin 1.31 mg 3.11 mg 37.06 mg 5.29 mg 0.70 mg 

Flavonols Quercetin 1.05 mg 19 mg 1.11 mg 3.58 mg 7.67 mg 4.48 mg 
Myricetin 0.00 mg 0.04 mg 0.67 mg 1.30 mg 6.18 mg 

Ellagitannins Sanguiin H-6 81.34 mg 4 mg 63 mg 
Lambertianin C 35.68 mg 15 mg 90 mg 

Phenolic acids Total ellagic acids 47 mg 90 mg 42 mg 140 mg 
p-coumaric acid 4-O 
glucoside 

0.32 mg 0.21 mg 0.27 mg 0.95 mg 0.51 mg 

Chlorogenic acid 30-110 mg 
Stilbenoids Resveratrol  16.1 mcg 

Trans-resveratrol 0.35 mg 
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What is in and can not be used for promotion in EU yet 

Interesting but can not be used for promotion yet. 
Berries general:  48 submitted, 0 authorised 
Berries specific: 14 submitted, 0 authorised 
 



Goal 

 Do berries have effect towards the gut epithelial and what can be 
learned from the response in relation to potential health effects 

 Do all berries have similar effects or do different berries have 
different effects 

 Can it be related to certain phytochemicals present in specific 
cultivars  

 

 Develop product stably high in bioactivity 

 Perform human trial with selected product and specific health 
biomarker in future 

 Support direction of breeding & selection 

 Give positive media attention to berries 



Overview 

Methods 
 
 
 
 
 
 
Results 
 
 
 
 
 
 
 
 
 
 
 
 
 

Caco-2 gene expression analysis by full human microarray’s 
 
- Top 10 up and down 
- Linking osmolarity to genetic responses 
- expression induced by all berries 
- expression unique for species 
- gene expression unique for groups following clustering 

Preparation of digested berry samples 

Exposure gut epithelial cells (Caco-2) and subsequent analysis 
 
Gut epithelial very important for barrier, uptake nutrients and signalling to 
other cells and organs 



Selected most differential cultivars 



Preparation of digested berry samples 

Caco-2 stimulation 

Osmolarity 
measurement 

homogenise 
(mouth) 

pepsin 
(stomach) 
1h/37°C  

pancreatin, lipase,  
α-chymotrypsin 
(small intestine)  

pH 
2 

pH 
5.8 

bile salts 
(small intestine) 

2h/37°C  

pH 
6.5 

centrifuge  

pH 
7.5 

Supernatant 
 that potentially 

pass mucus  
layer 

Caco-2 cells; 21 days old – 
resambling small intestinal cells 

LC-MS analysis Gary, Derek 



Caco-2 
cells 

Caco-2 sample exposure and subsequent analysis 
Harvesting mRNA from cells 

Cluster analysis Pathway analysis 

trans-epithelial electrical 
resistance (TEER) 

Gene selection criteria 
- UPC value >0.5 for at least 

1 treatments 
- p<0.05 vs digest control for 

at least 1 treatment 
 

Yielded 8814 genes of interest 

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=H2KJL_Hx2Se_mM&tbnid=f-J-KUcqtpbxdM:&ved=0CAUQjRw&url=http://www.nucleomics.be/&ei=QS3OU7CPKIXVPJ7QgZAE&bvm=bv.71198958,d.ZWU&psig=AFQjCNF5iiRa1cvM7R0m2-ON_q13sQwQDQ&ust=1406107186031182
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=N9-GUeFbUGUBsM&tbnid=aFSxjlmk2OZZmM:&ved=0CAUQjRw&url=http://ajpgi.physiology.org/content/297/4/G726&ei=gy7OU8CQA4jkOa_vgMAO&bvm=bv.71198958,d.ZWU&psig=AFQjCNGgFUlom_TLhlCe6SKzneDXzOAw1g&ust=1406107609681182
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=SfXx2Unvt1tHmM&tbnid=lynZ6_sexmZyuM:&ved=0CAUQjRw&url=http://www.library.ucsf.edu/content/free-training-ingenuity-pathways-analysis&ei=vS7OU4KdKMneOfKdgPAL&bvm=bv.71198958,d.ZWU&psig=AFQjCNGRh7IS--VodrtXXUeOl6WNTj-qOg&ust=1406107700606041


Berries affect membrane integrity 

<75% 

<75% 

<50% 

<50% 

<50% 
<75% 

Careful with interpretation  

as might lead to apoptotic  

response not happening in 

vivo 



Some general background 

 Cell lines are variable 
 Food are mild modulators of epithelial cell responses 
 Subtitle changes in gene expression 
 In vitro digest (remaining of enzyme/bile acids etc.) 

often higher effect then food compound itself 
 Careful statistical/comparative analysis make use of 

biological interpretation, relevant for tissue function   



Pathway analysis of genes clustering with TEER/osmolarity 

159 genes 
Up-regulated 

112 genes 
Up-regulated 

99 genes 
Up-regulated 

153 genes 
Down-regulated 

Cell-cell junction Cell-cell junction Cell-cell junction 

Inflammatory 
response 

Inflammatory 
response 

Inflammation 
response 

Stress response Apoptosis Stress response 

Growth factor 
signaling 

Lipid metabolism 
 

Genes regulated by all berries 

Genes related to TEER (osmolarity) 

More reliable effects of berries when 
only including berries with no/low 

effect on TEER 



PCA clustering of all berry based on phytochemicals 

-2 e 4 -1 e 4 0 1 e 4 2 e 4
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B la c kb e rry  - R .b rig a n tin u s
B la c kb e rry  - R .v a g a b u n d u s

B lu e b e rry  - Mis ty

S tra wb e rry  - R o m in a
S tra wb e rry  - S a b rin a

B la c kb e rry  - Lo c h  Ne s s

B la c kc u rra n t - B e n  S ta ra vB la c kc u rra n t - B e n  Fin la yB la c kc u rra n t - B e n  Ma iaB la c kc u rra n t - B ig  B e n



Clustering of all berry contents 

  
  
  

  
  
  
  
  
  
   
  
  

  
  
  
   

   
   
   
   

 

 

  
 

  
   

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
  

 
 

 
 

 
    

  
 

 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
     

 
 

 
      

 
 

 
  

 
 

 
 

 
 

 

 
 

  
 

   
 

 
 

 
 

 
  

 
 

 
 

 
 

 
  

 
 

 
  

 
 

 
 

 
 

   
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

  
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 

   
 

  
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

  
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

     
 

 

Strawberry - Bianca
Strawberry - AN00,239,55
Strawberry - AN07,216,60
Blueberry - Georgia
Blueberry - Biloxy
Raspberry - 00123A7
Raspberry - Tulameen
Raspberry - 2J19
Raspberry - 0304F6
Raspberry - Glen Ericht
Blackberry - R.brigantinus
Blackberry - R.vagabundus
Blueberry - Misty
Strawberry - Romina
Strawberry - Sabrina
Blackberry - Loch Ness
Blackcurrant - Ben Starav
Blackcurrant - Ben Finlay
Blackcurrant - Ben Maia
Blackcurrant - Big Ben
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Heatmap of Berries with TEER >75% 
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Can we relate 
epithelial 

responses to 
berry content? 

Currently opinion: 
unlikely, but still 

ongoing 

  
  

   
  
  

  
  
  
  

 

 
 

 

 

 

 



Still to be done 

 Interpretation of the responses in biological relevant 
pathways in order to build hypothesis 
● IPA pathways 
● Reading and discussing literature 

 Can it be related to berry content as measured by Gary 
Write and submit paper   

 
 Finish and submit review article on gut & immune effects 

berries 



Questions? 

Thanks for the 
collaboration  
Hope to collaborate 
more in near future 
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