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Berry research at JHI

We breed market-leading varieties

B Blackcurrants — the “Ben” series
B Raspberries — the “Glen” series
B Strawberry — “Symphony, Rhapsody....”

B Research into Health Benefits of Berries

B Feedback and direct breeding of new varieties
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Scheme of talk

Background

Biological activities of berry components
B MODEL SYSTEMS

B Cardiovascular Health

B Cancer

B Control of nutrient availability
Diabetes & Obesity

Analytical studies

e Correlate bioactivity with polyphenol composition
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“Insufficient intake of fruit and vegetables
increases the chances of developing cancers,
cardiovascular disease and strokes” - World
Health Organisation (2003)

o~ The 3 main causes of premature death in Scotland

Led to the “5 a day” programme -
Gover - )
Are you eating Are you eating

mothinitedingt moifitedeat o\ (]j@ HOW dO FAV
‘ affect health?

o alter

¢ ¥
Cot ol |\linerals (Zinc)? Vitamins (C and E)?
R st IR o I Fibre? Displacement? Lower Fat?

Antioxidants? Phytochemicals?

N healthier

5 scotland

SCOTTISH GOVERNMENT



Living with oxygen & free radicals

B We “burn” our food with Oxygen to
release energy

B By-products include free radicals
which are VERY reactive. They can
damage the body and cause
disease.

B Our bodies work hard to remove
these radicals and prevent damage

M Dietary antioxidants are proposed
to “top-up” protection

Intestinal Cell
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A simplified version?

Polyphenols as antioxidants
23 May 2000

QUPERHERDES
AND SuPERVILLAING
OF THE CIRCULATORY

This cartoon is made available on the Internet for personal viewing

Copyright © 2000 David Farley, d-farley@metalab.unc.edu
only. Opinions expressed herein are solely those of the author.

http://metalab.unc.edu/Dave/drfun.html

Auntie Oxidant kicks out the Free Radicals.
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Berries contain a diverse and species specific mixture of
antioxidants — the two main types are Polyphenols and

flavanols/PACs
Ho ~ °H OH

HO ') HO O
H
2
OH

HO

Vitamin C HO OH
T)Q%

Flavonols . OH
Tannins
HO OH
HO OH
OH
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B Protection of vasodilatory responses of rat

aorta against inflicted oxidative damage

B Protective effect of polyphenols

not predicted by in vitro R4 3
antioxidant activity O _
R4

B Anthocyanins particularly effective

Prof. lan Megson, Univ. Highland and Islands
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T

, Cardiovascular function and intake of

m: soft fruit: Effects of qualitative and

S qguantitative variation in berry
antioxidant status

DUNDEE

Intervention trial — assess effects of six week ingestion of

blackcurrant berries with low vitamin C content
blackcurrant berries with high vitamin C content
blueberries (No vitamin C)

coloured flavoured water (control)

o

Effects on cardiovascular function

Positive effects on blood vessel flexibility (intima media thickness) and in vivo
markers for endothelial cell function and oxidative stress



Oxidative stress, Alzheimer’s
and the Brain

Brain = 2 % adult body mass but uses 20.% oxygen
inhaled

Poorer antioxidant mechanisms

High levels of PUFAs, minerals and neuro-
transmitters — good targets for free radicals

Brain cells.don’t renew by cell division -
accumulate FR-induced damage with age & FR
damage implicated in AD
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Effect on Alzheimers? T
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M Bioactive compounds
from blackcurrant
processing waste for
brain health

MTT Agrifood
JHI

TTZ
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ROS production (CO

ROS production in SH-SY5Y-APP751 cells
when treated 60 minutes with Myricetin
and/or 50 uM menadion, n=6 ,SD
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Protective effect of anthocyanins in Alzheimer’s model system

New studies confirm effects in mice models

ROS production (CO 100%)
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7.8 ug/ml bf + M
M 15.6 pg/ml bf + M
m 31.25 pg/ml bf+ M

M 62.5 pg/ml bf + M

u ® 125 pug/ml bf + M

Dr Saila Vepsalainen . Univ. Kuopio




Effects on cancer cells n
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All berry extracts tested at 50 ug/ml
100 -
T s o
Inhibition not related to in vitro

80 - L antioxidant capacity
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McDougall et al. (2008) JAFC 56; 3016-3023




Cell number
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Anti-cancer effects

Raspberry inhibits cancer
cell growth at low levels

(ug/ml)

'\—-

.
| [TT

The James

Hutton
Institute




Most effective components are tannins
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—8— Tannins
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Joint projects on berry polyphenols &
colon cancer

JIULSTIEH

Emma Brown and Dr Chris Gill, School of Biomedical
Sciences, University of Ulster, Coleraine
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http://www.unal.edu.co/patologia/fotoscasoclin/pared colon 10x.JPG
http://www.rollingtorecovery.com/images/Dsc00610.jpg
http://www.brown.edu/Courses/Digital_Path/GI/adenocarcinoma_of_colon_10x.JPG

b
@ > Colon cancer and polyphenols
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Matrigel invasion assay

Invasion by HT115
colon cancer cells

4.
30 - _ was inhibited by
E Invasion, % from
control raspberry
60 - -'—gztr?ttrcgldcity,%from polyphenols in the
g range
40 -
- Invasion related to
. ability to spread
. [ ] | | | | | from initial site

50ug 25ug 12ug 6 ug 3ug control
Phenols (GAE)

100 - -— - -—

Coates et al. J. Carcinogenesis (2007) 6, 1-13



Control of nutrient availability
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B Polyphenols can inhibit digestive processes and slow or

modulate nutrient release from food

B Inhibition of starch digestion — blood glucose control
and type 2 diabetes

B Inhibition of lipid digestion — control of hyperlipidemia,

CVD and obesity



Inhibition of starch digestion

Amylase chops into fragments

Glucosidase nibbles off glucose



a-amylase inhibition
120
B Red cabbage
—l-— Strawberry
100 ~ —aA— Blackcurrant —
—aA— Blueberry
80 - | —&— Raspberry /
c —&— Green tea
S _—4
5 997 Strawberry and
= 5 raspberry most effective
X — ellagitannins
20 - implicated
i
I
O ! T I I
( 1%0 200 300 400 500
-20

McDougall et al (2005) JAFC 53, 2760-2766; Grussu et al., 2011
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200
180 - Pharmaceutical
1601 inhibition with
2 140 -
> acarbose ?
3 1205
= 100 - T Not obvious which
g 80 - l l polyphenols
< 601 involved?
40 - .
20 . Human studies
04 i I BN show promise
3 4 8 S (\\ ‘\(\QJ
S S fz?Q o gts’ &Y Q@
Qo((\ @\' C)\ <& \/\Q Q)\’b’ Q

Whitson et al. Functional Plant Science and Biotechnology (2010)
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Summary
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M Berry polyphenols have bioactivities that may influence

human health
B Their mechanisms of action are not well defined
B Efficacy not always related to antioxidant capacity

B Their stability and bioavailability in vivo is not fully
understood
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JHI is located in Invergowrie on the north bank of the River Tay

Visit http://www.hutton.ac.uk
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110 ol eae
100 Inhibition by cloudberry
o extracts is saturable
80 1 Due to ellagitannins (ETs)
70 - in cloudberry, arctic
S 60 bramble and raspberry
S 50 - and
N
40 ] . . .
i d procyanidins and ETs in
strawberry
20
10 - Mainly procyanidins in
0 lingonberry
Phenols (ug) Ties in with animal

studies on obesity

McDougall et al. (2009) Food Chemistry 115, 93-199
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Various polyphenols stimulate the phosphorylation and activation

of FOXO1A, a transcription factor involved in regulating insulin
responses and controlling glucose mobilization.

+ - X WUBB1B2Y UB B

—

C——

- g B J— Phosphorylated
— ———

FOXO1A

Two different berry extracts stimulate phosphorylation of FOXO1A

but the active ingredients fractionate differently on SPE.

Sandra Bacon & Graham Rena, University of Dundee
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Developing high-through-put methods for
assessing inheritance of polyphenols
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M Link to genetic maps and markers to speed up selection

B Improve on traditional means of assessing polyphenol
levels slow

M Develop and validate new methods

B Use power of mass spectroscopic and metabolic profiling

methods

Stewart et al (2007) Mol.Nutr.Food Res. 51, 645-651
McDougall et al (2008) J. Chromatog. B 871, 362—-369



Targeted analysis ==
Yield, flavour, aroma taste, textureﬁe
resistance, bioactivities, antioxida l'
. ‘ capacity, polyphenol content, ascorb&tes
anthocyanins Hutton
Latham M oy Institute

Untargeted analysis Hi-through-
put metabolic profiling

MS spectra
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Hierarchical
cluster analysis: .
Measure of m
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biodiversity - link to ¥ .| - ¥
genetic map
_ D i Bk
Correlation —
Network: .| g
Interrelate '
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? Full story ?
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The Rhubarb story

Fioed Chesmizrey 119 (000100 TE-T64
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: “EVIE]R journal homepage: www.elsevier.com/flocate/foodohem =

Effect of different cooking regimes on rhubarb polyphenols

Gordon ]. McDougall >, Pat Dobson?®, Nikki Jordan-Mahy ®

* Rawr Frodens o Foad Qeality Progomme, Stk Orop Besearch bssissre (SCRID levergowric, Davdee, Srarbwed DD 50W, LK
" piomntin] Beeanch Cere, il Halbw Usivesiy (SHU ) Hwand Soeer, Shafiebt 51 IWE UK

ARTICLE INFOD

ABSTRACT

Argiche hisary:
Reveivad 16 baxch 2009
Beveivad bn revised fanm & My 2009

Polyphenalic componenits, such 2% anthragui nones and stil benes, from spedes of the genus Bhaum hawve
b=en shown o have 2 range of bioactivities relevant to human health. This paper melines the palyphe-
nalic mmpasition af edible petioles of ganden rhubarh (Bham rhepontigen ) and describes the effecs of

Accepred 14 July 20 mmman cooking methods on total polyphenolic content, anthooyanin content and tota] antocddant
- q].lﬁrmnhrg regimes (st stewing, slow stewing and haking) exoept blanching increased tatal paly-
AEWIIIH phenal conentand averall antaxidant capacity, £ the raw material The paterns of anthocy-
P amin conient and iotal pol yphenaol content betwesan the different cooldng regimes suggestsd a balance
[ — betwesn two proeses; moking Goilitated the nelease of palyphenol mmpounds from the rhubarh but
Eisac Bty alen @ussd breakdown of the relexed compounds
Coasliing Baking and slow stewing offered the best mantenanae of colour through preservation of anthacyanin
Pugples fais and ithe highest aniiocid ant capadty. Baking for 20 min provid ed well-moked rhubarh with the highst
gll_:l' antiocidant capadty and the highest anthocyanin aontent, which i important for the a=sthetic quality of

the dish.

Liquid chromatagraph y=maes specrometric { LE-MS) analysis puttively id entified over 40 pohyphenal
mmpanens in raw rhubarh, induding anthraquinone, stilbene, anthocyanin and flavonal denvatves.
Halking cused selsctive effeds on thestahility of thed ifferent palyphena] oomponents. Inftially, the yisld
of all components increzssd but thene was a drasticdeclinein the relative stability of an thragui none aghy-
momes with incnes ing cooling time and initial evidenos for the wmover of other anthraguinone derdva
ithves wias obined

& 208 Published by Elsevier Lid.
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http://www.copykat.com/wp-content/uploads/2009/05/rhubarb1.jpg
http://images.google.co.uk/imgres?imgurl=http://www.wakefield.gov.uk/NR/rdonlyres/2F158341-1C56-4476-ACBA-2705D663E8A3/0/rhubarb_stalks.jpg&imgrefurl=http://www.wakefield.gov.uk/CultureAndLeisure/HistoricWakefield/Rhubarb/&usg=__EG4HD2dQYaINYyRtIWUojl2GcpA=&h=250&w=188&sz=25&hl=en&start=18&um=1&itbs=1&tbnid=Ol7nS8Q6sraqmM:&tbnh=111&tbnw=83&prev=/images%3Fq%3Drhubarb%2Btriangle%2Bwakefield%26um%3D1%26hl%3Den%26sa%3DN%26rlz%3D1T4DMUK_en-GBGB364%26tbs%3Disch:1

MS detector response

Stability and Bioavailability

7.E+08
6.E+08 -T
5.E+08 +
4.E+08 +
3.E+08 +
2.E+08 +

1.E+08 +

0.E+00

—#— Sanguiin H6
—B— Ellagic acid

Time (hours)

7.E+07

- 6.E+07

- 5.E+07

- 4. E+07

- 3.E+07

- 2.E+07

- 1.E+07

- 0.E+00
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Raspberry
ellagitannins inhibit
cancer cell growth

Ellagitannins bind to
proteins in media

Not taken up by cells!

Breakdown to release
ellagic acid

What is the active
anti-cancer
component?



In vitro digestion
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Stability not related to
aglycone or sugar moeity

For Pelargonidin

Glc >GRut >Rut >Soph

For Cyanidin
GRut >Soph >Rut >Glc

Stability dependent on
components in mixture

*Total Recovery wrt gastric figures - McDougall et al. (2005) JAFC 53 5896-5904



In vitro digestion
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Which components stable and bioavailable?

Esophagus

Spleen A
Liver } 1

Stomach
Gall Blader
Pancreas

Small Intetsine

Colon

Rectum

Anus

Plastic top
Silicone tube
Closed end
Closed end
Cellulose Polyethylene
dialysis tube
tubing — Foodstuff
Dialysed 2
solution \\
= o

\Cg)sed end

Scheme of the in vitro simulation of the

digestion process

Simulation of human digestive
system

1. Gastric digestion — 2 hrs at
37° C at pH 1.7 with pepsin

2. Pancreatic digestion — 2 hrs
at 37° C with digestive
enzymes and bile salts

Analyse recovery of
components
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Faecal metabolism of berry polyphenols (T
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Esophagus

B Profiling of faecal water metabolites in
10 free-living students after intake of

raspberry puree (200 g/d for 14 d) by

gas-chromatography mass spectrometry
(GC-MS)

Spleen

Liver
Stomach
Gall Blader
Pancreas

M Substantial ingestion of anthocyanins,

Small Intetsine

Colon

ellagitannins etc

Rectum

Anus

B Focus on major phenolic metabolites

ey Hted
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Faecal metabolism of berry polyphenols

@]
/@/\f
HO

@)

OH

OH

HO

But not the same subjects

HO

Fits evidence from model studies with faecal inocula
but shows large inter-individual variation

* Due to differences in diet or microflora?

Gill et al, in press
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Effect of tea and coffee polyphenols on
neurodegeneration and obesity models resp.

Analysis of carotenoids in sea buckthorn & carrot
Anti-parasitic effects of berry and vegetable extracts

Natural products as anti-inflammatory agents




Availability of nitric oxide (NO) in ex i'ﬁ

vitro rat carotid arteries Hutton

Institute

Nitric oxide protection by Raspberry extracts
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Vehicle Vit.C RE RE RE RE RE Vehicle QG QG QS QS QS

(18) (90) (18)  (1.8) (0.36) (0.036) (50) (10) (60) (12) (1.5
Sample (ng/ml)

Protection of NO bio-
Raspberry extract effective at 50-fold less than availability maintains

Vitamin C or Quercetin derivatives — known effectors|  pjood vessel flexibility

of CV performance

Prof. Carlene Hamilton, BHF, University of Glasgow
Whitson et al. Functional Plant Science and Biotechnology (2010)



Ellagitannins — most effective anti-cancer
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polyphenols in raspberry I
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N [ = | |Are these components bio-

oo available?

Liver

e |y Do they get from berries -

Gallbladder — 1 1 ?
Ducaemum rees || SU Siteé OT acCtion:
- g N Sanguiin H10
i Jejunum angU”n
Ceaum "
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Ross et al, (2007) Phytochemistry 68, 218



