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Polyphenols (>8000)

Phenolic acids >4000
Hydrobenzoic acids Hydroxycinnamic acids Flavonoids Stilbenes Lignans
e.g. protocatechuic acid e.g. ferulic acid I e.g. resveratrol
gallic acid curcumin
1 >600
Anthocyanidins Flavonols Flavones Isoflavones Flavanones Flavanols
e.g. cyanidin e.g. quercetin e.g. catechins

anthocyanins are glycosides of anthocyanidins

e.g. cyanidin-3-glucoside
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Polyphenol composition

Bl anthocyanins
Bl flavanols
B flavonols
1 phenolic acids
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blackcurrant malvidin
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Berries differ in total anthocyanin
content and composition
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Effects of blackcurrant anthocyanin intake on peripheral muscle

circulation during typing work in humans

blackcurrant anthocyanin concentrate 17 mg (kg BW)?*  10.83% anthocyanins

2005

P=().086 8 males, 3 females
age: 3912 yr

forearm blood flow
(supine position)
—o—[CA

—placebo near infrared
spectroscopy

Chanfhanges of forearm blood flow
(pre value— 1}

2
&

Time after ingestion (hr)

blackcurrant increased blood flow by 22% (2 hr)

Matsumoto et al., Eur J Appl Physiol 94(1-2):36-45, 2005



peer-reviewed < 2013: Only one paper!
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blackcurrant [ti] and exercisel
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Short-term blackcurrant extract consumption
modulates exercise-induced oxidative stress and
lipopolysaccharide-stimulated inflammatory
responses

K A Lyall T, S M Hurst, J Caoaney, D Jensen, K Lo, R D Hurst, L M Stevenson
30-min indoor rowing

5 males, 5 females

age: 48 3 yr

120 mg anthocyanins before exercise
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2009
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Post-exercise
observations



peer-reviewed < 2013: Only one paper!
blackcurrant [ti] and exercisd X m
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Protein carbonyls
*%

1.2

Short-term blackcurrant extract consumption
modulates exercise-induced oxidative stress and
lipopolysaccharide-stimulated inflammatory
responses
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K A Lyall T, S M Hurst, ] Cooney, D Jensen, K Lo, R D Hurst, L M Stevenson
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Lactate: intermittent incremental cycling
(4 min stages, 2 min rest)

Lactate (mMol-L™%)

113% ,/ n = 13 (triathletes)

- placebo * /’
- PRI ‘

117%
6 gram New Zealand
blackcurrant powder for 7 days

~139 mg anthocyanins/day for 7 days
NZBC — New Zealand blackcurrant

Intensity (% Pmax)

New Zealand blackcurrant resulted in a shift of

the cycling intensity-lactate curve

Willems et al. Int J Sport Nutr Exerc Metab 25, 367-374, 2015



16.1 km cycling time-trial performance oG

16.1 km time (s)

P=0.03 4 2.4%

*

1 per day for 7 days

n = 14 (cyclists)

Placebo

I 11 did go faster I

NZBC — New Zealand blackcurrant

Acute Dietary Nitrate Supplementation
Improves Cycling Time Trial Performance

Lansley et al., Med. Sci. Sports Exerc. 43, 1125-1131, 2011

| 27% & %

beetroot

~105 mg blackcurrant
anthocyanins

CurraNz

NEW ZEALAND

BLACKCURRANT
EXTRACT CAPSULES
300mg

SupPLEME)
30

double-blind placebo
controlled cross-over
design

two full 16.1 km
familiarizations

Cook et al., Eur J Appl Physiol 115, 2357-2365, 2015
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16.1 km cycling time trial

Endurance (aerobic) exercise



What about high intensity (more
anaerobic) intermittent exercise?



* high-intensity incremental treadmill running

150 11 min rest
19s Irunning (15 s active recovery)

Ltk bbb

s
=y
0
c
Q
el
=
d’.
R
2
)
x
17}

N = 13 (recreationally active

5 min at 60% 5% 2.5% males)

increases Increases

~105 mg anthocyanins/day for 7 days

[)] NzBC-New Zealand blackcurrant

Perkins et al., Int. J. Sport Nutr. Exerc. Metab. 25(5), 487-493, 2015




* high-intensity incremental treadmill running

Sprint distance (m)
P=0.02
T 11%

*

N = 13 (recreationally active
males)

Placebo

9 Improved

CurraNZ

~105 mg anthocyanins/day for 7 days
[)] NzBC-New Zealand blackcurrant

Perkins et al., Int. J. Sport Nutr. Exerc. Metab. 25(5), 487-493, 2015




Intermittent incremental cycling (4 min
stages, 2 min rest)

Lactate (mMol-L™%)

4
3% ¢
4

- placebo * /’
7%

Intensity (% Pmax)

n = 13 (triathletes)
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6 gram New Zealand
blackcurrant powder for 7 days

~139 mg anthocyanins/day for 7 days
NZBC — New Zealand blackcurrant

New Zealand blackcurrant resulted in a shift of

the cycling intensity-lactate curve

Willems et al. Int J Sport Nutr Exerc Metab 25, 367-374, 2015



Eur I Appl Phy.
DO 10.1007/s0

ORIGINAL ARTICLE

Dose effects of New Zealand blackcurrant on substrate oxidation
and physiological responses during prolonged cycling

Matthew David Cook'? - Stephen David Myers' - Mandy Lucinda Gault' -
Victoria Charlotte Edwards' - Mark Elisabeth Theodorus Willems'

male cyclists

2 h 1 CyCI | N g at 65%V02max 2 per day for 7 days (=210 mg anthocyanins/day)

- -

0 mgday” fat oxidation

300 mg-day™’

600 mg-day™’ O
900 mg-day™’ O

Fat Oxidation (g-min') O
bt I o - =
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o
w
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Time (min)

Cook et al., Eur J Appl Physiol 117, 1207-1216, 2017.



ORIGINAL ARTICLE

Dose effects of New Zealand blackcurrant on substrate oxidation
and physiological responses during prolonged cycling

Matthew David Cook'? - Stephen David Myers' - Mandy Lucinda Gault' -
Victoria Charlotte Edwards' - Mark Elisabeth Theodorus Willems'

male cyclists
2 h r CyCI | n g at 65%V02max 2 per day for 7 days (=210 mg anthocyanins/day)

- -

fat oxidation

22%

Chichester-based studies

Cook et al., Eur J Appl Physiol 117, 1207-1216, 2017.



European Journal of Applied Physiology
https://doi.org/10.1007/500421-018-3858-3

ORIGINAL ARTICLE

New Zealand blackcurrant extract enhances fat oxidation
during prolonged cycling in endurance-trained females

Juliette A. Strauss' - Mark E. T. Willems? - Sam O. Shepherd'

female cyclists

2 h 1 CyCI | N g at 65%[]0 2 per day for 7 days (=210 mg anthocyanins/day)

2max
—a— NZBC*

e fat oxidation

2%

Time (mins)

Fat oxidation (g.min-")

\ ¢ LIVERPOOL
JOHN MOORES

UNIVERSITY
75 90 105 120

Time (mins)

Strauss et al., Eur J Appl Physiol 118, 1265-1272, 2018



Do you need to
Supplement every_day to 16 males, walking at 5-MET
enhance exercise- for 30 min

Induced fat oxidation?

C 1 C ]

2 per day for 14 days
(~210 mg anthocyanins/day)

2 every-other-day for 14 days
(=210 mg anthocyanins/day)

Sahin et al. J Diet Suppl 19(1), 49-61, 2022



Daily and Not Every-Other-Day Intake of Anthocyanin-Rich "W!
New Zealand Blackcurrant Extract Alters Substrate ] ~

Oxidation during Moderate-Intensity Walking in : )
Adult Males cos o
Mehmet Akif Sahin, PhD*?, Pelin Bilgic, PhD® (®, Stefano Montanari, MSc?, and

Mark Elisabeth Theodorus Willems, PhD? &)

®Institute of Sport, University of Chichester, Chichester, UK; hlDepartment of Nutrition and Dietetics,
Hacettepe University, Ankara, Turkey
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v * * 2 every-other-day for 14 days

(=210 mg anthocyanins/day)

Sahin et al. J Diet Suppl 19(1), 49-61, 2022



peer-reviewed < 2013
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Short-term blackcurrant extract consumption
modulates exercise-induced oxidative stress and
lipopolysaccharide-stimulated inflammatory
responses O Collections

ACTIONS




peer-reviewed - present
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The health benefits of anthocyanins: an umbrella review
of systematic reviews and meta-analyses of observational

studies and controlled clinical trials

Berner-Andrée Sandoval-Ramirez, Ursula Cataldn (@, Elisabet Llauradé @, Rosa-Marfa Valls,
Patricia Salamanca, Laura Rubio, Silvia Yuste, and Rosa Sola

Nutrition Reviews 80(6):1515-1530, 2022



the diabesity epidemic

&% . & Diabetes + Obesity

: DIABESITY

reduced Iinsulin sensitivity



Functional Foods in Health and Disease 2017, 7(7): 483-493 Page 483 of 493

Research Article Open Access
b 1‘—',51 I _‘ Beneficial effects on fasting insulin and postprandial responses through 7-day
e QSRS *
A s 2%

intake of New Zealand blackcurrant powder

&.“ Mark Elisabeth Theodorus Willems', Jose Dos Santos Silva', Matthew David Cook'?, and

Sam David Blacker!

day 1 2 3 4 5 §) 7 8+ 2 hr

it - - gt | -
a i, i, i i,
1 hr before

- -

OGTT OGTT

. 17 participants (9 females, 20-53 years)

. 7-days of 6 gram New Zealand blackcurrant powder (6 gram: 138.6
mg anthocyanins, 49 mg vitamin C and 5.2 g of carbohydrates)

. 2 hr OGTT (75 gram glucose) after overnight fast

. glucose-insulin analysis at 0, 30, 60, 90 and 120 min samples

Willems et al., Functional Foods in Health and Disease 7(7), 483-493, 2017



Oral Glucose Tolerance Test

75 gram glucose dissolved in water

Postprandial blood glucose (mmol- L'!) BOERERIEY
the curve

: 1

glucose
Insulin

30 60 90
Time (min)




Functional Foods in Health and Disease 2017, 7(7): 483-493 Page 483 of 493

.y

=

; Research Article Open Access
BACCURRANT. Nl W — . P, .
;0?'56& e | 2 S ;I o) %) Beneficial effects on fasting insulin and postprandial responses through 7-day
Sl e el | PULERE . g
SRl 2. P (%, p ‘ intake of New Zealand blackcurrant powder
L= LI ! B -~

&.—“ Mark Elisabeth Theodorus Willems', Jose Dos Santos Silva', Matthew David Cook'?, and

Sam David Blacker!

Increased insulin sensitivity

Glucose Insulin

£ g
S S
23 b}
% T
° ©
= £
E =

(O]
= =
< <

control NZBC powder control NZBC powder

area under the curve | 5.7% (P<0.05) area under the curve |, 31.1% (P<0.05)

Willems et al., Functional Foods in Health and Disease 7(7), 483-493, 2017



Anthocyanin-Rich New Zealand
Blackcurrant: Applications for
Exercise and Health

Outline

 Why interest in anthocyanin-rich blackcurrant?

 Metabolic and exercise performance effects

-y | - Health-related effects

« Are we there yet?: The unknowns

November 4, 2023



Body odor: Old people smell?

old people smell

QAlI [@lin

eF ®S ng 0 f o NP S 1 jor Livir
Old People Smell"... What is It? Do Old People Sme

WHAT CAUSES [§

OLD PEOPLE %

S ence © YouTub
Smells Like Old Spirit | Scienc. What Causes 'Old People Smell'? - YouT.

€ Times 1l HufiPos i @ Dis

e Shar ® Blog K / ed Living 3 s v e
Do Older People Ha Old Person Smell" Is Real, And It's .. Do Older People Smell Differenti Qld People Really Do Old People Smell Funn Old People Smell Why Do Old People Smell? | The O. In Older Aduits, Poor Se




Contents lists available at ScienceDirect

Journal of Chromatography B  toem

MonoTrap®

E : pcc1s
journal homepage: www.elsevier.com/locate/chromb

s 1 Screw cap

' ! made of PP

e S
Measurement of 2-nonenal and diacetyl emanating from human skin ¢ ; |fi;,'£“cﬁ‘;"‘°“°‘"
surface employing passive flux sampler—GCMS system

T~ Human skin

sampler for the collection

Keita Kimura*®, Yoshika Sekine®-*, Shota Furukawa?, Minami Takahashi?,
Daisuke Oikawa®

 Graduate School of Science, Tokai University, 4-1-1 Kitakaname, Hiratsuka, Kanagawa 259-1292, japan
b AIREX Inc., 2-17-6 Myojincho, Hachioji, Tokye 192-0046, Japan

Omale

Ofemale

WHAT CAUSES

0LD PEOPLE |
SMELL?

Emission flux of 2-nonenal
(ng cm2h1)

50
Age of the volunteer

That "old person smell" is actually caused
by a chemical, called 2-nonenal, that old
people secrete through their skin.

uberfacts



Contents lists available at ScienceDirect

Journal of Chromatography B

MonoTrap®

\ |
E : pcc1s
journal homepage: www.elsevier.com/locate/chromb
s 1 Screw cap
' ! made of PP

Stainless
/_ steel mesh

—
Measurement of 2-nonenal and diacetyl emanating from human skin ¢ - |f%‘.'£“:;°>"‘°“"‘"

surface employing passive flux sampler—GCMS system

T~ Human skin

npler for the collection of 2-nonenal

Keita Kimura*®, Yoshika Sekine®-*, Shota Furukawa?, Minami Takahashi?,
Daisuke Oikawa®

 Graduate School of Science, Tokai University, 4-1-1 Kitakaname, Hiratsuka, Kanagawa 259-1292, japan
b AIREX Inc., 2-17-6 Myojincho, Hachioji, Tokye 192-0046, Japan

2-nonenal is a lipid
peroxidation product and
the consequence of a
decrease in antioxidant
defense

Omale

Ofemale

Emission flux of 2-nonenal
(ng cm2h1)

50

Age of the volunteer

sebaceous gland



Dieta .
Suppe Journal of Dietary Supplements

D
-
~a =
r e ;,!'5"; ‘; ‘q P’ _—-—-‘— = I1SSN: (Print) (Online) Journal homepage:
et |
—C 2 a2 = Intake of New Zealand Blackcurrant Powder
Affects Skin-Borne Volatile Organic Compounds in
Middle-Aged and Older Adults
M. E. T. Willems, M. Todaka, M. Banic, M. D. Cook & Y. Sekine
6 gram NZBC powder per day for 7 days J Diet Suppl. 19(5):603-620, 2022.

48 no washing of nape of the neck

1 hr skin gas collection i!! ﬁ

gas chromatography—mass spectrometry

Emission flux of 2-nonenal
(ng - cm?. hr')

\ 28%

*

sebaceous gland

2-nonenal is a lipid
peroxidation product

control NZBC powder
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Cyanidin-3-glucoside

one dose

BJP 2014
RESEARCH PAPER
The pharmacokinetics of

anthocyanins and their
metabolites in humans

R M de Ferrars'*, C Czank'', Q Zhang?, N P Botting®, ' A Kroon®,
A Cassidy' and C D Kay!'

Parent anthocyanins

yanidin-3-glucoside 1 6 m et a.b O I I teS
peerdans in blood

Protocatechuic acid (PCA)
Phleroglucinaldehyde
Protocatechuic acid derived
Benzoic acid-4-glucuronide
Methyl-3.4-dihydroxybenzoate

PCA-3-glucuronide

PCA-sulfatest
Vanillic acid (VA)
IsoVA
VA-4-glucuronide

Hippuric acid
Phleroglucinaldelvde derived

Ferulic a-:idﬂ



Delphinidin-3-glucoside . e
Delphinidin-3-rutinoside s l .&‘

Cyanidin-3-rutinoside New Zealand

Cyanidin-3-glucoside blackcurrant
: extract
chronic
d O SI n g Parent anthocyanins

Cyanidin-3-glucoside

Degradants

PCA-3-glucuronide

PCA-4-glucuronide

cell/tissue
function?

VA-sulfates®

B 4-Hydros hyde
. . Ferulic a-
gut m|CrOb|Ota? Hippuric
Phleroglucinaldelvde derived

responders / non-responders? Feruic acid?




Future directions

Lo
exercise

still quite a journey!

« The anthocyanin composition:
Does it matter in humans?

fmbP1)

Article
Metabolic Effects of Berries with Structurally
Diverse Anthocyanins

John Overall %, Sierra A. Bonney %, Mickey Wilson '+, Amold Beermann III *
Mary H. Grace 1%, Debora Esposito 3, Mary Ann Lila 12 and Slavko Komarnytsky 1->*

C57BL/6 mouse model of polygenic obesity

-k « Optimal anthocyanin dosing strategies in
different cohorts: Dose and intake duration

« Synergistic effects of anthocyanin and
other supplements



In the future!

A competition of berries?
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BE YOUR PERSONAL BEST

Cir

NEW ZEALAND
BLACKCURRANT
EXTRACT CAPSULES

EUROPEAN SPECIALIST SPORTS
NUTRITION AWARDS FIFF]

X

{‘WINNER

TRAINGREDIENTS AWARDS

VIEW THE AWARDS BROCHURE

100% HEALTH AND
FITNESS FOOD SUPPLEMENT

30 sz

» A
' WINNER I
J BESTSPORTS §
% NUTRITION &
4, Probuct J

The future is still bright!

Global Anthocyanins Market is Expected to Account for Global Anthocyanins Market, 7 ’ AL )
USD XX Million by 2028 By Regions, 2021 to 2028 .‘ " “

DATA BRIDGE MARKET
RESEARCH

»
':'fLFi
N |

2021 2022 2023 2024 2025 2026 2027 2028

A Preferred Supplier of Specifically

HIGH PERFORMANCE Approved Nutrition Supplements to
SPORT NEW ZEALAND Hiah Performance Sport New Zealand

m North America ® Europe ® Asia Pacific # South America M Middle East and Africa

https://www.databridgemarketresearch.com/report
s/global-anthocyanins-market (16/01/2023)

Global anthocyanin market: Growth at a rate of
4.35% in the forecast period of 2021 to 2028


https://www.databridgemarketresearch.com/reports/global-anthocyanins-market

Take home message

Intake of anthocyanin-rich New
Zealand blackcurrant has enriched
the world of sport and exercise
nutrition and shown the potential
for anthocyanin supplementation

Out last year

frontiers

in Nutrition MARK WILLEMS

sity of Chichester,
Jnited Kingdom

ANTHOCYANIN-RICH NEW ZEALAND BLACKCURRANT:
IMPLICATIONS FOR HEALTH

An‘hOCyanln'B'Ch Supplementatlon:. Emerg"n.g Evidence of KEYWORDS: Anthocyanins, New Zealand blackcurrant, fat oxid
Strong Potential for Sport and Exercise Nutrition ly odor, volatile organ iewed.

PERSPECTIVE article

R Mark E.T. Willems® and [l Sam D. Blacker

Regular fruit intaks

many fruit berries. New Zealand blackcurrant is a darl

metabolic responses at rest and during exercise by short-term intake of anthocyanin-rich New Zealand blackcurrant can provide an indi

for the potential to promote health. This mini review wil er primarily the findings of some of our studies using New Zealand blac}

with meaningful changes on exercise-induced fat oxidation, cardiovascular fu n during supine rest, insulin sensitivity, and emission of skin
volatile organic compounds. Daily intake of New Zealand blackcurrant has the potential to provide ben for exercise, health and well-being

Front Nutr. 2022. doi: 10.3389/fnut.2022.864323 Agro FOOD Industry Hi-Tech - vol. 33(1) 2022
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