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Berry research at the James Hutton

We breed market-leading varieties

e Blackcurrants — the “Ben” series
e Raspberries — the “Glen” series

e Strawberry and Blueberries

e Research into Health Benefits of Berries

e Feedback to direct breeding of new varieties



Outline of talk

Introduction
Berry polyphenols and digestive enzymes
e MODEL IN VITRO SYSTEMS

e Polyphenol-enriched extracts
e Inhibition of enzymes relevant to

e Diabetes & Obesity

e Correlate bioactivities with polyphenol
composition using LC-MS techniques




Are you eating Are you eating
enough fruit and veg?  enough frait ond

enough fruit and veg?  enough fruit and veg
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How do FAV
affect health?

Minerals (Zinc)? Vitamins (C and E)?

Fibre? Displacement? Lower Fat?
Phytochemicals? Antioxidants?




Berries contain a diverse and species specific mixture of antioxidants —
the two main types are Polyphenols and

Flavanols/PACs
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How can polyphenols affect human health? ﬁ
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Antioxidant theory? Low serum bioavailability!

Majority of polyphenols remain in gut

Are these components inactive?

Possible roles
Modulating colonic microbiota?

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

Modulate digestive processes




Control of nutrient availability i

e Polyphenols can inhibit digestive
processes and slow or modulate
nutrient release from food

 |nhibition of lipid digestion — control of
hyperlipidemia, CVD, diabetes and
obesity

 Inhibition of starch digestion — blood
glucose control and type 2 diabetes
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Inhibition by cloudberry
extracts is saturable

Caused by ellagitannins
(ETs) in cloudberry, arctic
bramble and raspberry
and

procyanidins and ETs in
strawberry

Mainly procyanidins in
lingonberry

Ties in with animal
studies on obesity

McDougall, Kulkarni & Stewart (2009) Food Chemistry 115, 93-199



Inhibition of starch digestion

Amylase chops into fragments
a-glucosidase nibbles off glucose
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McDougall et al (2005) JAFC 53, 2760-2766
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Previous work suggested that the
Inhibitory components in raspberry
were ellagitannins

Tannins bind to amylase and prevent\\ /

starch digestion?
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McDougall et al (2005) JAFC 53, 2760-2766



o.-amylase Iinhibition
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Berry polyphenols inhibit to different extents
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Black currant

Blackberry -—I

Arctic
Bramble

Pomegranate
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Yellow vs. Red Raspberries
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Re-examine inhibition
by raspberry by
comparing extracts of
red raspberry (Glen
Ample) with yellow
raspberry (selection
07134B1)

These have similar
polyphenol profiles but
yellow raspberries
effectively lack
anthocyanins
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Rowan fractionation & amylase inhibition i
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By LC-MS
analysis
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Inhibition by procyanidin-rich fraction Wi
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|C5o values for whole Rowan extract < 1
ug/ml GAE and Rowan PAC fraction 8 =
1 ug/ml GAE

Does this confirm that PACs wholly
explain amylase inhibition?

i

Fraction



Co-incubation with acarbose

Co-incubations at ratios of IC., — rowanberry PACs first
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e Berry polyphenols inhibit amylase activity in vitro at
low levels

e The degree of inhibition depends on the polyphenol
composition

e Tannins seem important but inhibition influenced by ~sge.
other components ﬁ' X3
= Proteins interfere — astringency/enzyme binding (> rd, -

mechanism?

e Polyphenols can potentiate inhibition caused by

acarbose & could substitute for acarbose and i‘w
maintain inhibition



a-glucosidase inhibition by berries 1!
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Inhibition by rowanberry
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Rowanberry proanthocyanidins
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Polyphenol composition
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LC-MS analysis shows
that the black currant
& rowanberry
extracts differ greatly
In their polyphenol
composition

BCisrichin
anthocyanins

Rowan Iin chlorogenic
acid derivatives
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Co-incubation with acarbose
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Mixing of berry extracts
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Summary — a-glucosidase inhibition

e Berry polyphenols inhibit glucosidase activity in vitro at

low levels
 |nhibition depends on polyphenol composition

e Tannins are not important and astringency Is probably
not the main mechanism

e Anthocyanin-rich and chlorogenic acid-rich black
currant and rowanberry are similarly effective

e The active components potentiate effect of acarbose
but different berries do not act additively — sites of
action?
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Human trial — modified glycemic response &=
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Human trial — insulin response
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The insulin responses showed a similar
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.“ summary

e Berry polyphenols inhibit enzymes involved in starch and
lipid digestion in vitro
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e The inhibition occurs at concentrations easily reached in the

GIT

e The active components are unknown but differ between
enzymes and in potential mechanisms (/1> synergy?)

e Berry components can potentiate inhibition by acarbose at

low levels

e |nitial human studies show promise
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Thank you for your attention

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




