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Science connecting land and people
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World class germplasm and genomic resources in
potato, berries and barley
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Breed New Varieties Overall Approach to HBCs
with elevated levels of
health beneficial

components (HBCs

Establish
Health
Benefits

Bioactivities

Confirm Mechanisms &
Bioavailability

Define Phytochemistry (Metabolic profiling)



in other foods

We work on HBCs



http://en.wikivisual.com/images/0/0e/Tomato2.jpg
http://www.thedailygreen.com/cm/thedailygreen/images/1-30days-pour-wine-lg-63555269.jpg
http://www.southwarkweekender.co.uk/home/00,news,15427,185,00.htm
http://www.google.co.uk/imgres?imgurl=http://open.salon.com/files/coffee1242220886.jpg&imgrefurl=http://open.salon.com/blog/goshdarnit&usg=__niTNfOdnIFCPA8jGawkEr6LBmzw=&h=346&w=347&sz=76&hl=en&start=2&zoom=1&um=1&itbs=1&tbnid=DiE4aXKCPP95NM:&tbnh=120&tbnw=120&prev=/images%3Fq%3Dcoffee%26um%3D1%26hl%3Den%26sa%3DG%26rlz%3D1T4DMUK_en-GBGB364%26tbs%3Disch:1
http://apnaycards.com/images/lettuce.jpg
http://www.google.co.uk/imgres?imgurl=http://www.hcda.or.ke/pro/carrot.jpg&imgrefurl=http://www.hcda.or.ke/Vacanies.htm&usg=__uvGi85EJnzVnCygQGp_le6eEGU8=&h=665&w=350&sz=28&hl=en&start=6&zoom=1&itbs=1&tbnid=sf_pdaBnK6_SQM:&tbnh=138&tbnw=73&prev=/images%3Fq%3Dcarrot%26hl%3Den%26sa%3DG%26tbs%3Disch:1

Food Quality

B Flavour intensity
)\ Flavour creamy
& Flavour sweet
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From field to fork

Health beneficial components are
also affected by

Shelf life, stability, processing

Post-harvest treatments, packaging
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2 NUTRITION IN PROGRESS  knowledge base that

Development of high throughput approaches to optimize  can aid food business
the nutritional value of crops and crop-based foods




Accumulation of health-beneficial
components and gene expression

Measure changes in metabolic profiles
using MS-based techniques

Correlate accumulation of purple
anthocyanin pigments with gene
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Stushnoff et al (2010) J Exp Bot. 61:1225-1238



Environmental/agronomic effects on health-
beneficial components

Health Beneficial
~omponents

o Reduced pst|C|deand fertilizerinputs

e.g. Balruddery Field Experiment on Sustainable Practices
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BarleyBread - Improving human health by modifying a staple food

B-glucan has been proven to influence
cholesterol levels and has an approved health
claim

“Soluble fibre from barley foods that contain at
least 4 % (B-glucan may, as part of a diet low
In saturated fat and cholesterol, reduce the
risk of heart disease”

This EU-supported research project identified
which barley varieties had the best attributes —
antioxidants and (-glucan content

Products = breads with added barley

I' Institute

nce connecting land and people
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Bread — Health(ier) Bread

B-Glucan has an approved health claim.
* Preference surveys were done to assess public “likes and wants” for
bread
* Optimised milling process to retain nutrients and B-glucan
(~75%).
* A baking process was developed to give a bread with <60% barley
and <£0.4% salt.
* Blind preference testing in Scotland: JHI Open day and Kingsway
technical college (800 and 700 people respectively).
* Results showed a 80% preference for BarleyBread (25% barley).
e Being further developed.
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BrainHealthFood W

EU-supported project to develop polyphenol-rich extracts from black
currant (BC) juice waste for use against Alzheimer’s Disease (and other
conditions)

Multi-Partner Collaboration between
MTT Agrifood, Finland

JHI

1TZ, Germany

Univ. Kuopio, Finland

& SME partners across Europe

JHI role included

Provide and characterize BC extracts

Characterize effective extracts and assess stability

Analyse blood and urine samples for bioavailability data % Hﬁﬁmoi
Advise on formulation of + BC products with SMEs llll' Institute

ence connecting land and people



Human trial — modified glycemic response &= T

Volunteers given sucrose-loaded black currant (BC)  H{itton
juice or sucrose-loaded BC juice supplemented with '™t
crowberry juice

7.0+
65 é The supplemented juice (®)

| - caused a reduction in peak
604 height of plasma glucose and

extended the area under
the curve

Plasma glucose (mmol/L)

5.5
\ ’ UNIVERSITY OF
__________________ ’ EASTERN FINLAND
5.0-
4.5 T T T T T T T T J

O 15 30 45 60 90 120 150 180

Time (min)  Térrénen et al. Functional Food in press
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Effect of processing methods on herb quality

Flat parsley, basil and dill

Effects on antioxidant capacity, appearance, oil content, aroma.

=

I l ' Institute

Science connecting land and people



Mild thermal treatments and shelf extension

Appearance

Nutritional quality

Antioxidant capacity (mg gDw™)
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The Rhubarb story

Faed Chesmistey 119 20100 TS8-T54

Cortants lists available at ScienceDirect T_l, -
[
- CHEMISTRY
Food Chemistry

VIER journal homepage: www.elsevier.com/flocate/foodohem =
Effect of different cooking regimes on rhubarb polyphenols
Gordon J. 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, Shafiell Halbw Usivesity (SHU ) Hbwand Soeer, Shefiebt 51 IWE LK
ARTICLE INFOD ABSTRACT
Ardicle hiTory Polyphenalic componenits, such 2% anthragui nones and stil benes, from spedes of the genus Bhaum hawve
Reived 16 bk 200G heen shown o have 2 range of hicacivities relevant to human health. This paper outlines the palyphe-
Recshrad in revized farm & oy 20053 nalic mpasition of edibile petioles of garden rhubarh (Bham rhepontigen ) and describes the effecs of
Accepred 14 July 20 mmman cooking methods on total polyphenolic content, anthooyanin content and tota] antocddant

Qpacity.

- Mot making regimes | Bt stewing, slow stewing and halking) exoept blanching increased tatal paly-
Anwl.rh phenal coneentand averall ans cxddant capacity, compared to 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
Eoar Sy 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 the highest anticocidant capacty. Baking for 20 min provid ed well-moked rhubarh with the highest
gﬂm antiocidant capadty and the highest anthocyanin aontent, which i important for the a=sthetic quality of

Tl 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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Impact!

¥ SCOTLANDorSUNDAY

Wha's like us... Dr Gordon McDougall

Scotland on Sunday - sub-leader 14 February 2010

RHUBARSB is perhaps the most reviled of vegetables. Unloved and unlovely, it grows like a weed in some
forgotten corner of the garden to be harvested only in the most straitened of times.

Marco Polo is widely blamed for bringing the stringy acidic plant to Europe from China in the 13th century, but it
was not until the rationing of the Second World War that it became part of Britain's staple diet. Since then,
stewed rhubarb and custard has been gradually edged off the nation's dinner tables in favour of far tastier fare.

But the vegetable's image was transformed last week thanks to Scottish-led research. Dr Gordon McDougall of
the Scottish Crop Research Institute analysed ways of cooking rhubarb to produce the best combination of the
plant's polyphenols and chemotherapy agents, which kill cancer cells. Baking gently for 20 minutes was found
to be the most effective.

Where others saw an ugly and unappetising pudding, McDougall saw an unexplored avenue of science. Thanks
to his work, millions of sufferers may benefit.



Other JHI areas =
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Analysis & validation of component content D s
ution
Institute

Polyphenols in juices, tea & coffee, vitamin C, lipids,
carotenoids in sea buckthorn & carrot products

Shelf-life assessment of berry juices/colour quality

Advice on reformulation for improved health (salt, fats,
fibre, viscosity, product quality)

Advice on health claims and marketing approaches
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Questions?

JHI is located in Invergowrie on the north bank of the River Tay

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

gordon.mcdougall@hutton.ac.uk
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Forward look

Future challenges

Limited Water
and Energy
resources

More Aged &
Sicker Population

Pressure on

land use o
Explosion in

obesity, diabetes
& Alzheimers

Drive for healthier &
more convenient foods



Polyphenols as insulin mimics

Previous work* showed that tea polyphenols could stimulate
phosphorylation of the FOXO1la transcription factor — a crucial
control in insulin sensing

Current joint PhD has established that berry polyphenols share this

ability

Foxol1lA phosphorylation
LB UB1UB2 B1 B2 CB UB B

+ -

Controls

* Cameron et al 2008. Aging Cell 7, 69-77

Lingonberry

CB

BRI
e ! O,
DUNDEE

Dr Graham Rena



Berry polyphenols and cancer

PhD on berry polyphenols and colon cancer :

School of Biomedical Sciences U”“g*,i‘:ﬁ‘ﬁf
University of Ulster, Coleraine

Strawberry polyphenols in tumourigenic and
non-tumourogenic cell lines

University of St. Andrews

Studies on polyphenol fractionation

Coates et al. J. Carcinogenesis (2007) 6, 1-13
Weaver et al. Int. J. Oncol. (2009). 34, 777-786

Ross et al. (2007) Phytochemistry 68, 218-228.



Berry polyphenols and cancer

All berry extracts tested at 50 ug/ml |
100 A
T o . .
Inhibition not related to in vitro
80 - L antioxidant capacity
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Human trial — insulin response i

Plasma insulin (pmol/L)
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The James
Hutton
Institute

The insulin responses showed a similar
pattern to the glucose response

Possible role for inhibition of
* glucosidase/glucose transport?
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Targeted analysis
Yield, flavour, aroma taste, texture, disease
resistance, bioactivities, antioxidant
‘ . capacity, polyphenol
content, ascorbate, anthocyanins
Latham Moy

Two environments, 5 seasons Untargeted analysis: Hi-

through-put metabolic profiling

MS spectra
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Hierarchical cluster
analysis:

togram
compounds)

Correlation —_—
Network: L E e ”
Interrelate i I

metabolite a " E H

changes.




