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phenol rings

antioxidant activity



Polyphenols (>8000)

Hydrobenzoic acids
e.g. protocatechuic acid

gallic acid

Hydroxycinnamic acids
e.g. ferulic acid

curcumin

Flavonoids Stilbenes
e.g. resveratrol

Lignans

Flavonols
e.g. quercetin

Flavones Isoflavones FlavanonesAnthocyanidins
e.g. cyanidin

Flavanols
e.g. catechins

>4000Phenolic acids

>600

anthocyanins are glycosides of anthocyanidins
e.g. cyanidin-3-glucoside



Polyphenol composition

black 
chokeberry

highbush 
blueberry

strawberry

black 
elderberry

bilberry

sour cherry

http://phenol-explorer.eu/, access 27/10/2023
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Anthocyanin composition
black 

chokeberry

highbush 
blueberry

sour cherry

blackcurrant

Berries differ in total anthocyanin 
content and composition
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Matsumoto et al., Eur J Appl Physiol 94(1-2):36-45, 2005

blackcurrant increased blood flow by 22% (2 hr) 

2005
blackcurrant anthocyanin concentrate 17 mg (kg BW)-1 10.83% anthocyanins

8 males, 3 females
age: 39 ± 12 yr

forearm blood flow
(supine position)

near infrared 
spectroscopy



peer-reviewed < 2013: Only one paper! 

Post-exercise 
observations

30-min indoor rowing

5 males, 5 females

age: 48 ± 3 yr

2009

120 mg anthocyanins before exercise



peer-reviewed < 2013

exercise-induced 
oxidative stress

protein carbonyls

blackcurrant

: Only one paper! 

2009



exercise-induced 
oxidative stress

blood flow

Anthocyanin-rich Blackcurrant

2005

2009
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• Metabolic and exercise performance effects



Lactate: intermittent incremental cycling 
(4 min stages, 2 min rest)

n = 13 (triathletes)

~139 mg anthocyanins/day for 7 days

6 gram New Zealand 
blackcurrant powder for 7 days

Willems et al. Int J Sport Nutr Exerc Metab 25, 367-374, 2015
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Lactate (mMol×L-1)

Intensity (% Pmax)

↓27% ↓22%

↓17%

↓13%

NZBC – New Zealand blackcurrant

New Zealand blackcurrant resulted in a shift of 
the cycling intensity-lactate curve



16.1 km cycling time-trial performance 

n = 14 (cyclists)

Cook et al., Eur J Appl Physiol 115, 2357-2365, 2015

1 per day for 7 days

~105 mg blackcurrant 
anthocyanins

double-blind placebo 
controlled cross-over 

design

two full 16.1 km 
familiarizations

1400

1500

1600

1700

1800
16.1 km time (s)

*
¯ 2.4%P=0.03

Placebo              NZ BC 11 did go faster

NZBC – New Zealand blackcurrant

Lansley et al., Med. Sci. Sports Exerc. 43, 1125-1131, 2011
↓ 2.7%

beetroot



• 16.1 km cycling time trial

Endurance (aerobic) exercise



What about high intensity (more 
anaerobic) intermittent exercise?



~105 mg anthocyanins/day for 7 days

n = 13 (recreationally active 
males)

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

NZBC – New Zealand blackcurrant

• high-intensity incremental treadmill running

5 min at 60%

19 s running (15 s active recovery)
1 min rest

5%
increases

2.5%
increases



Sprint distance (m)

2000

2400

2800

3200
*­ 11%

P=0.02

Placebo              NZ BC

~105 mg anthocyanins/day for 7 days

n = 13 (recreationally active 
males)

9 improved

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

NZBC – New Zealand blackcurrant

• high-intensity incremental treadmill running



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

n = 13 (triathletes)

~139 mg anthocyanins/day for 7 days

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

6 gram New Zealand 
blackcurrant powder for 7 days
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New Zealand blackcurrant resulted in a shift of 
the cycling intensity-lactate curve



2 per day for 7 days (~210 mg anthocyanins/day)2 hr cycling at 65%𝑽̇O2max

male cyclists

22%
fat oxidation

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



2 per day for 7 days (~210 mg anthocyanins/day)2 hr cycling at 65%𝑽̇O2max

male cyclists

22%
fat oxidation

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

Chichester-based studies



2 hr cycling at 65%𝑽̇O2max

female cyclists

27%
fat oxidation

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

2 per day for 7 days (~210 mg anthocyanins/day)



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

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

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

16 males, walking at 5-MET 
for 30 min

Do you need to 
supplement every day to 

enhance exercise-
induced fat oxidation?



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

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

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

16 males, walking at 5-MET 
for 30 min

17%



peer-reviewed < 2013



peer-reviewed - present

44 sources
access: 31/10/2023



peer-reviewed - present

33 sources
access: 31/10/2023
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46 results

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

access: 31/10/2023



the diabesity epidemic

reduced insulin sensitivity



day 8 + 2 hr2 3

OGTT

1 4 5 6 7

OGTT

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

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

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

• 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)

1 hr before

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



Oral Glucose Tolerance Test
75 gram glucose dissolved in water

• area under 
the curve

glucose
insulin

0 30 60 90 120
4
5
6
7
8
9

10

Postprandial blood glucose (mmol× L-1)

Time (min)



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

Increased insulin sensitivity

Willems et al., Functional Foods in Health and Disease 7(7), 483-493, 2017
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Body odor: Old people smell?



2016



H
a
i
r

sebaceous gland

2016
2-nonenal is a lipid 
peroxidation product and 
the consequence of a 
decrease in antioxidant 
defense



• 6 gram NZBC powder per day for 7 days

• 48 no washing of nape of the neck

• 1 hr skin gas collection

• gas chromatography–mass spectrometry 

sebaceous gland

2-nonenal is a lipid 
peroxidation product

J Diet Suppl. 19(5):603-620, 2022.
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2014

one dose
16 metabolites
in blood

Cyanidin-3-glucoside



Cyanidin-3-rutinoside

Delphinidin-3-glucoside
Delphinidin-3-rutinoside

New Zealand 
blackcurrant 

extract
Cyanidin-3-glucoside

gut microbiota? ? cell/tissue 
function?

responders / non-responders?

chronic 
dosing



• The anthocyanin composition: 
Does it matter in humans?

Future directions

• Synergistic effects of anthocyanin and 
other supplements

C57BL/6 mouse model of polygenic obesity

exercise

• Optimal anthocyanin dosing strategies in 
different cohorts: Dose and intake duration

still quite a journey!



A competition of berries?

In the future!



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

2022

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

The future is still bright!

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

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



16.1 km cycling time-trial performance

n = 14 (male 
cyclists)

individual responses 

11 did go faster5.9%

8.7%

7.3%
5.9%
6.3%

↓ 2.4%

NZBC – New Zealand blackcurrant

1 per day for 7 days



Australian Institute of Sport



Australian Institute of Sport



Australian Institute of Sport
2021



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

The future is still bright!

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
https://www.databridgemarketresearch.com/reports/global-anthocyanins-market
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Future 
studies in 
obese 
individuals

?

To be submitted soon



Zamora-Ros et al.,
Br J Nutr 106, 1090-1099, 2010

Males: 20-65 mg/day Females: 19-44 mg/day

3x ~17 mg anthocyanins/day for 4 weeks



Anthocyanin intake 

Bioavailability 

Human performance 

Cell function



Czank et al., Am J Clin Nutr 97: 995-1003, 2013

Concentration of identified metabolites in whole serum

500 mg labelled cyanidin-3-
glucoside

recovery
43.9 ± 25.9%
(range: 15.1%-99.3%)





In press

F2-isoprostanes



In press



In press



Future for anthocyanin-rich supplementation 
in sport and exercise nutrition?



Anecdotal 
information (2011)

post-exercise 
recovery


