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• Berries and antioxidants 
 

• Possible health benefits? 
 
 

• Examples of new JHI research 
 

• Overview and future directions 
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 “Insufficient intake of fruit and vegetables 

increases the chances of developing cancers, 

cardiovascular disease and strokes” - World 

Health Organisation (2003)  

 The 3 main causes of premature death in Scotland 

Led to the “5 a day” programme - 
Government-led Mass Intervention to alter 
our diet and improve health 

Minerals (Zinc)? Vitamins (C and E)?       
Fibre? Displacement? Lower Fat? 

Phytochemicals? Antioxidants?  

How do FAV 
affect health? 
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Berries are a rich source of antioxidants – the two main types are 
Polyphenols and Vitamin C 

Tannins 



Living with oxygen & free radicals 

We “burn” our food with oxygen to 

release energy  

 By-products include free radicals 

which are VERY reactive. They can 

damage the body and cause 

disease.  

Our bodies work hard to remove 

these radicals and prevent damage 

Dietary antioxidants are proposed 

to “top-up” our protective systems 



Free radicals are involved in the 
development of cardiovascular disease 

• Protein damage  and lipid peroxidation leads 

to loss of membrane integrity, cell damage 

and cell death  

• DNA damage leads to mutations  

Oxidative stress 

 

 

 

Oxidative stress 

Stroke, Atherosclerosis, 

 High Blood Pressure, Heart 

attack 



A simplified version? 
 Polyphenols as antioxidants 

Not all effects 
due to 
antioxidant 
mechanisms? 



Gopalan et al (2012) Food and Function, 3, 795-809 

There is 
considerable 
evidence for 
health effects 
of black 
currants 

Model studies with cell lines 



Gopalan et al (2012) Food and Function, 3, 795-809 

Animal model systems 



Animal model 
systems 2 



Human studies confirm potential health effects 



A useful recent review 

Berries and Health: A review of the 

evidence.  Gordon J. McDougall and 

Derek Stewart 

http://www.foodhealthinnovation.com/

media/5637/berries_august_2012.pdf 

 

http://www.foodhealthinnovation.com/media/5637/berries_august_2012.pdf
http://www.foodhealthinnovation.com/media/5637/berries_august_2012.pdf
http://www.foodhealthinnovation.com/media/5637/berries_august_2012.pdf
http://www.foodhealthinnovation.com/media/5637/berries_august_2012.pdf


So what’s new? 
 
Work on neuroprotective effects 
Research on colon cancer 
Research relevant to Diabetes 



Vepsäläinen, McDougall, Stewart  et al. (2012).  J Nutr Biochem. 24, 360-70 

Intake of blackcurrants influences mouse 
models  of Alzheimer’s disease 

Berries improve  cognitive function 
through neuroprotective effects 
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Antioxidant theory? Low levels in serum! 

 

Majority of polyphenols remain in gut 

Are these components inactive? 

Other ways berry polyphenols can affect 
human health? 

Possible roles 
 

Modulating colonic microbiota? 
 

In-gut antioxidants? 
Benefit gut epithelia function / colon cancer 

 

Modulate digestive processes 



Berry polyphenols inhibit growth of 
colon cancer cells 
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All berry extracts tested at low levels 
~ 50 mg/ml 

Inhibition of cancer growth not 
related to in vitro antioxidant capacity 

McDougall et al. (2008) J. Agric. Food Chem. 56; 3016-3023  
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Berry extracts protect against DNA damage 
in colon cancer cells;  SB = BC > RB 

￭ Raspberry 

￭ Strawberry 

￭ Blackcurrant 

http://www.google.co.uk/imgres?imgurl=http://static.freepik.com/free-photo/berry-eating-juicy-strawberries_393537.jpg&imgrefurl=http://www.freepik.com/free-photo/berry-eating-juicy-strawberries_315661.htm&usg=__pUMDNPtmVxOjH1G_ptbrELAc_LM=&h=417&w=626&sz=63&hl=en&start=8&zoom=1&tbnid=r0Goe6O3rX4I8M:&tbnh=91&tbnw=136&ei=p76fT-TAKYWQ8gOYl6yjAQ&prev=/search?q=berry+eating&um=1&hl=en&rlz=1T4DMUK_en-GBGB364&tbm=isch&um=1&itbs=1
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Gill et al, J. Agric. Food Chem. (2010) 58, 10389–10395 

Colonic metabolism of berry polyphenols 

OH

O

Colonic bacteria degrade polyphenols  

Studies with humans fed berries show increases  in 
 

 Phenylacetic acid derivatives 

 Phenylpropionic acid derivatives 

 Hydroxybenzoic acid derivatives 

 

 

Laboratory fermentations with faecal bacteria gave similar products 

http://www.google.co.uk/url?sa=i&rct=j&q=smelly&source=images&cd=&cad=rja&docid=iw_W7LiGqkNOJM&tbnid=ToMKJ3Vrzjz-8M:&ved=0CAUQjRw&url=http://gawker.com/395556/reporter-desperately-seeking-smelly-foot-genital-information&ei=F9g9UbLICcaM0AXhwoG4Dw&bvm=bv.43287494,d.d2k&psig=AFQjCNGiFWL-Zxo5pt0h5yrikJpEYUsT6g&ust=1363093868814485


Faecal products as effective as berry extracts 

 

Brown et al. (2012). PLoS ONE 7: e49740. doi:10.1371/journal.pone.0049740 

Berry polyphenols 
retain effectiveness as 
they undergo 
metabolism in the 
colon 

Berries contribute anticancer activity as they 
pass through the colon 



Control of nutrient availability 

• Polyphenols can inhibit digestive 

processes and slow or modulate 

nutrient release from food 
 

• Inhibition of lipid digestion – control of 

blood lipids, CVD, diabetes and obesity 

• Inhibition of starch digestion – blood 

glucose control and type 2 diabetes 



Inhibition of starch digestion 
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Amylase chops into fragments 

a-glucosidase nibbles off glucose Acarbose 



Grussu et al (2010) JAFC 53, 2760-2766  
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All assays at 100 mg/mL 

Berry polyphenols inhibit to different extents 

  a-amylase inhibition 
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IC50 = 20 mg/ml 

Boath et al. Food Chemistry (2012) 135; 929-936   

a-glucosidase inhibition by berries 

Inhibition by black currant 



Co-incubation with acarbose 

0

50

100

A
C
 4

0

A
C
 3

0

A
C
 2

0

A
C
 1

0

B
C
 2

0

B
C
 1

5

B
C
 1

0

B
C
 2

0/
A
C
 4

0

B
C
 2

0/
A
C
 2

0

B
C
 1

5/
A
C
 1

0

B
C
 1

0/
A
C
 3

0

Black currant/acarbose (mg/ml)

%
 A

c
ti

v
it

y



4.5

5.0

5.5

6.0

6.5

7.0

*

0 15 30 45 60 90 120 150 180

Time (min)

P
la

s
m

a
 g

lu
c
o
s
e
 (

m
m

o
l/
L
)

Human trial – modified glycemic response 
Volunteers given sucrose-loaded black currant (BC) 
juice or sucrose-loaded high polyphenol BC juice 

   The “supplemented” juice (•) caused a   

    reduction in peak height of plasma   
        glucose and extended the 
         area under the curve 

 

http://www.uef.fi/cbu-fee/home
https://portal.mtt.fi/portal/page/portal/B827BF8165188D58E040A8C0023C3B5C
https://portal.mtt.fi/portal/page/portal/B827BF8165188D58E040A8C0023C3B5C


Human trial – insulin response 
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The insulin responses showed a similar 
pattern to the glucose response 

 Possible role for inhibition of     
         glucosidase/glucose transport? 

Törrönen et al. J. Functional Foods 4, 746–756 

http://www.uef.fi/cbu-fee/home
https://portal.mtt.fi/portal/page/portal/B827BF8165188D58E040A8C0023C3B5C
https://portal.mtt.fi/portal/page/portal/B827BF8165188D58E040A8C0023C3B5C


Summary 

• Berry polyphenols inhibit enzymes involved in starch 

degradation in vitro 

• The inhibition occurs at concentrations easily reached in the 

gut 

• The active components are unknown but differ between 

amylase and glucosidase (↑ synergy?) 

• Berry components can potentiate inhibition by acarbose at 

low levels  

• Initial human studies show promise  

 

 



Where now? 

 Source of polyphenols – Wastes, by-products etc 

                                      bioactive components from pomace 

 Confirm effects at physiologically-relevant doses* and with in vivo 

metabolites (*includes product format) 

 Health Claims? 

 Effects of mixtures of components – synergies with pharmaceuticals 

 Effects of climate, location, agronomy and variety on levels of active 

components 
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Visit http://www.hutton.ac.uk 

JHI at Invergowrie on the north bank of the River Tay 

Questions? 

Thank you for your attention 

http://www.hutton.ac.uk/

