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ABSTRACT KEYWORDS
Blackcurrant anthocyanins have been investigated for their effects on Anthocyanins;
exercise-induced substrate utilisation. Previous research has examined ~ Polyphenols; lipid
the influence of supplementation dose, duration, and exercise modal- metabolism; carbohydrate
ity, with mixed findings. This systematic review and meta-analysis  Metabolism; exercise;
examined the effect of blackcurrant supplementation on exercising ribes

substrate utilisation. Electronic searches were conducted in PubMed,

Web of Science, and EBSCOhost between the 1st May and 14th

November 2025 using a predefined search strategy. Controlled trials

investigating the effects of blackcurrant supplementation on fat and

carbohydrate oxidation during exercise in physically active adults (18-

65 years) were included. All forms, doses, and supplementation dura-

tions were eligible, provided outcomes were reported as absolute

rates of substrate utilisation during exercise. Two authors inde-

pendently extracted data and assessed for risk of bias using the

Cochrane RoB 2 tool, with a random-effects meta-analysis undertaken

on the mean difference between control or placebo and consumption

of blackcurrant extract on exercise substrate utilisation. Searches

returned 263 articles, with 15 studies included with 226 participants

after full-text screening. Meta-analysis demonstrated blackcurrant

extract to increase fat oxidation (0.042 g-min-1, P<0.001) and decrease

carbohydrate oxidation (-0.099 g-min-1, P=0.012). Blackcurrant can

increase fat oxidation and decrease carbohydrate oxidation during

exercise. However, this finding is not consistent for individuals and

factors such as training status, sex, dosage, duration of intake may

determine responses. The review was registered on the 28th April

2025 in PROSPERO (CRD420251030222).

Abbreviations: confidence interval: Cl; messenger ribonucleic acid:
mRNA; respiratory exchange ratio: RER; Prisma in Exercise,
Rehabilitation, Sport medicine and SporTs science: PERSIT; Population,
intervention, comparison and outcome: PICO
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Introduction

The berry fruit blackcurrant has a high content (590mg/100g) of the flavonoid anthocy-
anin, which is mostly derived from the anthocyanidins delphinidin (66.1%) and cyanidin
(31.6%) in glucoside and rutinoside forms (Rothwell et al. 2013). These anthocyanins give
dark pigmentation to the berry and confer multiple health benefits through anti-inflammatory
and antioxidant effects (Cerletti et al. 2017; Cappellini et al. 2021). This may contribute
to mechanisms of blackcurrant extract supplementation increasing exercise performance
(Cook and Willems 2019; Braakhuis et al. 2020; Willems and Blacker 2022; Willems et al.
2025) and responses that would support exercise performance such as altered cardiovas-
cular function (Willems et al. 2015) and substrate utilization (Cook et al. 2015).

Oxidation of fat during exercise is linked to performance. For example, in circum-
stances where the use of limited stored carbohydrates is important, increasing fat
oxidation during exercise could be important for preserving these stores. For instance,
performance in the ironman-distance triathlon is associated with fat use during exercise
in men (R?=0.27, p<0.0001) (Frandsen et al. 2017) and women (R?=0.22, p<0.005)
(Vest et al. 2018). Furthermore, Wang et al. (2015) showed that fat oxidation during
exercise may also have implications for those wanting to lose fat mass, whereby 10
wk training at the intensities where fat oxidation is at its highest, demonstrated
decreased body mass (Pre: 71.5+7.3, vs. Post: 68.5+6.8kg), fat mass (Pre: 28.2+3.6,
vs. Post: 25.8+3.7kg) and abdominal fat (Pre: 2.4+0.4 vs. Post: 2.2 £0.4kg).

Intake of New Zealand blackcurrant extract has been shown to influence exercising
substrate utilization during exercise, with an increase in fat oxidation and a decrease in
carbohydrate oxidation. This was observed during cycling in men (Cook et al. 2015),
treadmill walking and running in men and women (Shan and Cook 2023; Cook et al.
2025), and treadmill walking in women (Willems et al. 2022). The mechanisms for increas-
ing fat oxidation during exercise are not fully clear, but blackcurrant anthocyanins have
been shown to increase messenger ribonucleic acid (mRNA) of genes involved with energy
expenditure, including peroxisome proliferator-activated receptor alpha in C57BL/6 ] mice
(Benn et al. 2014). Recent observations have also identified that the magnitude of change
in fat oxidation response is linked to body fat percentage in women but not men (Cook
et al. 2025), and that responses are highest in those who have a high respiratory exchange
ratio (RER) during exercise when not taking blackcurrant (Willems and Cook 2025).

To date, studies using blackcurrant have examined the effects of supplementation
on substrate utilization during exercise with varying outcomes. Variations of dosing
protocol, training status of the participants, and modality and intensity of exercise
have different outcomes, with some studies showing blackcurrant to increase fat oxi-
dation, while other studies have shown effect. The aim of this systematic review and
meta-analysis was to analyze the effect of blackcurrant supplementation extract on fat
and carbohydrate oxidation rate during exercise in men and women.

Methods
Literature search

A systematic review and meta-analysis were developed in accordance with the guide-
lines of the International Prospective Register for Systematic Reviews and pre-registered
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on PROSPERO on 28" April 2025 (CRD420251030222). The study was approved by
the University of Worcester Health and Science Research Ethics Panel (ANHS23240025).
In addition, the Prisma in Exercise, Rehabilitation, Sport Medicine and SporTs science
(PERSIT) was also implemented (Ardern et al. 2022).

Search strategy

The primary research focused on studies reporting on the effect of blackcurrant extract
supplementation on fat and carbohydrate oxidation rate during exercise. An electronic
database search was undertaken between the 1% May and the 5% June 2025 and a
follow-up search on the 14" November 2025. Searches were performed through
MEDLINE via PubMed, Web of Science, and SPORTDiscus via EBSCOhost. A pop-
ulation, intervention, comparison and outcome (PICO) strategy was used to build
search criteria for electronic databases (Supplementary file 1). The PICO consisted of
the phrases “blackcurrant substrate utilisation exercise”, “blackcurrant substrate utili-

> » <«

sation”, “blackcurrant fat oxidation exercise”, “blackcurrant fat oxidation”, “blackcurrant
substrate oxidation”, “blackcurrant carbohydrate oxidation exercise”, and “blackcurrant
physiological response exercise” PubMed was used for the most extensive search with
the search strings used for other databases adapted using Polyglot Search Translator
Tool (https://sr-accelerator.com/#/polyglot) (Clark et al. 2020). The search strings uti-
lized are provided in Supplementary File 1. Restrictions were applied to the publication
types, with conference abstracts, theses, articles in press and books or book chapters

were excluded from the search. To be included, studies had to be published in English.

Eligibility criteria

To be included, studies had to adhere to the following criteria: Type of studies: ran-
domized or non-randomized controlled trial where the effect of blackcurrant supple-
mentation on fat and carbohydrate oxidation rate during exercise was examined. Studies
undertaking secondary analyses or meta-analyses were excluded. Type of participants:
participants required to be physically active, non-injured, and 18-65years of age. Type
of interventions: the intervention had to include blackcurrant supplementation with
the studies not limited to the duration of the intervention (i.e. acute, or chronic), the
dosage, or the type of blackcurrant given (i.e. food, spray dried powder, freeze dried
powder, extract). Type of comparisons: placebo or control condition or no supplemen-
tation. Type of outcome measured: substrate utilization during exercise and reported
as absolute oxidation rates (i.e. g-min™'). There were no limitations on the method
used for measuring substrate utilization during exercise.

Study selection

To remove duplicate references, an online tool was used first (https://www.sr-accelerator.
com/#/deduplicator), followed by manual removal using the Mendeley reference manager
(Mendeley 2.93.0). Two authors (MC and JB) independently reviewed titles and abstracts
for initial eligibility using an online tool (https://www.sr-accelerator.com/#/disputatron).
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Any disagreements were all resolved through discussion and consultation of a third
reviewer (MW) was not required.

Study coding and data extraction

All data extraction was made independently by two authors (MC and JB). From the
included studies, the following data were extracted and coded: (1) authors, year of pub-
lication, (2) the number of participants in the study and characteristics such as sex, age,
body mass, height, and the mean carbohydrate and fat oxidation rate values (i.e. g-min™')
following blackcurrant or placebo/control were extracted and collected in a single Excel
spreadsheet. In addition, (3) study design, exercise protocol and the blackcurrant antho-
cyanin dose and duration. Where available, P values are also presented to indicate
differences in fat and carbohydrate oxidation between the placebo or control conditions.
When data were presented in figures, corresponding authors were contacted by email
for the data, with all those contacted sharing data. Any discrepancies were reviewed and
agreed upon by all assessors after discussion. Participants within the studies were also
categorized according to their performance caliber (McKay et al. 2022).

Methodological quality and risk of bias

Two researchers (MC and JB) independently assessed the methodological quality of
the studies using a modified version of risk of bias 2 (RoB 2) Cochrane Bias Assessment
Tool. In case of disagreement between the scores provided, the primary author (MC)
made the final decision.

Statistical analysis

Data was analyzed using SPSS (version 29.0.1.0). The inverse variance statistical method
was chosen to generate the effect of blackcurrant on exercise-induced carbohydrate
and fat oxidation. The meta-analysis was undertaken using the random-effects model
because Higgins score was below 60% for both analyses on fat and carbohydrate oxi-
dation. Some protocols had multiple comparisons of blackcurrant, such as different
intensities (Cook et al. 2015), doses (Cook et al. 2017), durations of intake (Sahin
et al. 2022; Sahin et al. 2021) or doses and durations of intake (Montanari et al. 2020).
To allow comparisons and reduce bias, data were combined using the formulae pro-
vided within the Cochrane handbook. The I? values were also interpreted using the
guidelines in the Cochrane Handbook for systematic reviews of interventions (Higgins
et al. 2022), with 0-40% might not be important; 30-60% may represent moderate
heterogeneity; 50% to 90%: may represent substantial heterogeneity and 75% to 100%:
considerable heterogeneity.

Results

The database search returned 263 articles, of which 159 were removed due to duplication.
Another 83 articles were then removed based upon the content within the title (n="70)
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or the abstract (n=13), with the flowchart shown in Figure 1. The full text of 21 articles
was retrieved and assessed, of which 15 articles were included in the review (Table 1).

All the studies reviewed used the same nutritional blackcurrant supplement (New
Zealand blackcurrant extract CurraNZ™) and gave the last dose of supplement or
placebo 2-h before the laboratory visit. The exercise modalities were either cycling
(six studies) or treadmill walking and running (nine studies). Eight of the studies
demonstrated that blackcurrant extract altered substrate metabolism during exercise,
while the remaining seven studies did not show an effect.

The dose of blackcurrant anthocyanins was most commonly 210 mg-day™! used by
ten of the studies. One study compared three different doses of 105, 210 and 315 mg--
day™! (Cook et al. 2017), while another study only compared two doses of 105 and
210 mg-day™! (Montanari et al. 2020). Two studies used a dose of 105 mg-day!, while
one study used a single intake with a dose of 315mg (Moss et al. 2023). Fourteen
studies demonstrated some concerns for bias, with one study demonstrating a high
risk (Figure 2).

)

[ Identification of Studies ]
S
il Records identified from database
£ BedlIcilte (fua.268) Records removed before screening:
5 Medline (PubMed) (n=109) |— » . :
[ i
k=] Web of Science (n = 137) Duplicate records removed (n = 161)
SPORTDiscus (n = 19)
| |

Records screened (n = 104) - > Sg;‘:;‘if (enX:“:g?d on titles (n = 70) and
] !
£
8
£ Record retrieved (n = 21) ———» | Records not retrieved (n = 0)
)

Records assessed for eligibility Records excluded (n = 6):

(n=21) e Cgse study (n =1) o

Did not measure substrate oxidation (n =
3)
—_J Conference Proceedings (n=2)

Studies included (n =15)

Figure 1. PRISMA Flow chart for the systematic identification of studies included in the review and
meta-analysis.
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D1: Randomisation process, DS: Bias arising from period and carryover effects, D2: Deviations from the intended interventions,

D3: Missing outcome data, D4: Measurement of the outcome, D5: Selection of the reported result.

Figure 2. Risk of bias assessment from the cochrane risk-of-bias tool for randomized trials.

Participants

Of the studies included in this analysis, there were 226 participants [males 192 (85%),
females 34 (15%)], with 96 participants stated to be trained (~42%) and 130 (~58%)
untrained or recreationally active. When categorized into performance status, four
studies had participants from tier two (Cook et al. 2015; 2017; Montanari et al. 2020;
Moss et al. 2023), five studies had participants from tier one (Strauss et al. 2018;
Willems et al. 2019; Pastellidou et al. 2021; Willems et al. 2022; Jones et al. 2025),
with the remaining six studies using participants from performance tier zero (Willems
et al. 2018; Hiles et al. 2020; Sahin et al. 2021; Sahin et al. Sahin et al. 2022; Shan
and Cook 2023; Cook et al. 2025).

Meta-analysis

Fat oxidation from blackcurrant during exercise was higher (0.042 g-min~'; 95%CI: 0.017,
0.068g.min"!, p<0.001) (Figure 3) and carbohydrate oxidation was lower (-0.099 g-min~!;
95%CI: —0.176, —0.022 g.min"!, p=0.012) (Figure 4). For fat oxidation, the heterogeneity

among the studies was 39.5%, while for carbohydrate oxidation it was 50.1%.

Discussion

The present study presents a systematic review and meta-analysis of studies on the
effect of intake of anthocyanin-rich blackcurrant extract on the substrate utilization
responses during exercise. The main findings from this meta-analysis are that during
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Figure 3. Forest Plot with 95% confidence interval for effect of blackcurrant on fat oxidation during
exercise.
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Figure 4. Forest Plot with 95% confidence interval for effect of blackcurrant on carbohydrate oxida-
tion during exercise.

exercise, blackcurrant extract supplementation increases fat oxidation by 0.042 g-min™!
(95%CI: 0.017, 0.068g.min"') and decreases carbohydrate oxidation by 0.099 g-min™"
(95%CI: —0.176, —0.022 g-min™").

This meta-analysis gives a range of expected responses for changes in fat and car-
bohydrate oxidation responses. However, it is important to recognize that these changes
did not occur in every study, with 8 of 15 studies showing no change in substrate
oxidation. These expected responses have also been calculated from group mean
changes, and there are individual responses which are not clear from this type of
analysis. Recent analyses indicate that changes in fat oxidation in response to black-
currant supplementation are correlated with body fat percentage in women, but not
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in men (Cook et al. 2025). Additionally, individuals exhibiting a higher respiratory
exchange ratio (RER; indicative of greater carbohydrate utilization) during exercise
under placebo/control conditions appear to be higher responders to blackcurrant sup-
plementation (Willems and Cook 2025). Therefore, the results of the present study
should be interpreted alongside these observations. Lastly, study methods might explain
some of the studies demonstrating no change. For example, Willems et al. (2019)
observed no change, but was examining responses in hypoxia (~2,500m, 15%02),
conditions that are known to increases carbohydrate oxidation, which may have been
too great a stimulus than blackcurrant could overcome.

Future work is needed to identify the mechanisms for the alteration of substrate
utilization by intake of blackcurrant supplementation. It is possible that mechanisms
relate to increased lipolysis (Strauss et al. 2018), alterations in blood flow (Cook et al.
2017; 2023), greater usage of intramuscular triglycerides from type I fibers (Jones et al.
2025) or genes involved in energy expenditure (Benn et al. 2014). Furthermore, while
the fat oxidation changes observed in this meta-analysis are modest, it would equate
to approximately 5 grams of extra fat oxidation in 120-minutes of exercise. However,
it is comparable to the change in total fat oxidized during 120-minutes of cycling at
65%V0,,,, in trained cyclists (Blackcurrant: 42+9 vs. Placebo: 34+ 14¢g) (Jones et al.
2025). The implications of this on endurance performance, or longer-term body com-
position effects are not known and need to be investigated.

Different fruits and berries have a unique profile of anthocyanins (Lee et al. 2015) and
it needs to be determined if similar substrate utilization alterations during exercise can
be obtained from berries and fruits with different anthocyanin profiles. Although black-
currant contains 15 anthocyanins, it primarily has a high content of delphinidin and
cyanidin (Slimestad and Solheim 2002). The main anthocyanins in blueberries are malvidin
glycosides (Yang et al. 2022), and has also been examined for alterations in substrate
utilization. For example, in a two-week intervention, Pilolla et al. (2023) observed that
supplementation with 12.5 g freeze-dried blueberry powder in 125 mL water, consumed
twice daily (providing 375 mg-day™ anthocyanins), increased fat oxidation by up to 43%
during 40-minutes of cycling at 65% VO, However, this was supplemented alongside
a low polyphenol washout diet, whereas all the studies within the present analysis did not
have a low polyphenol washout diet applied, therefore maintain higher ecological validity.

While a bias assessment was completed (Figure 2), it needs to be interpreted against
the measurement examined in these studies. Substrate oxidation measured during
exercise cannot be affected by bias of the data analyzers. However, participants could
alter behavior before the experimental measurements, such as exercise, caffeine intake
or altered dietary intake. The studies reviewed in this analysis mostly had controls
and requirements on participants before experimental measurements, but this was
self-reported by participants and potentially exposes the researchers to participants
reporting of desired behaviors (i.e. no consumption of caffeine or exercising the day
before measurements). Of note, findings from the bias assessment suggest that studies
generally lacked adequate description of randomization processes (domain 1) and often
did not register or prespecify data analysis plans before unblinded data were available
(domain 5). While not examined within a bias assessment, it must also be noted that
there is some publication clustering as a substantial proportion of studies included in
this analysis involve overlapping research groups and laboratories.
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Limitations

There are several limitations to this review that should be considered when interpreting
the results. The main limitation of this systematic review is that all the studies that
met the inclusion criteria used the same anthocyanin rich blackcurrant extract and
therefore, there can be no comparisons to consumption of blackcurrant anthocyanins
in other formats (i.e. food, spray dried, freeze dried). An advantage of using an extract
over blackcurrant in natural form is that participants can consume a known and
consistent dose of blackcurrant anthocyanins that is not dependent upon seasonal
availability and/or synergy with non-anthocyanin components in blackcurrant powder.
Nevertheless, the extent to which these results can be generalized to other blackcurrant
supplements or to blackcurrant consumed in its natural form is unclear.

Another limitation is that all studies recruited healthy participants, either trained
or untrained, with participants categorized as sedentary, recreationally active, or trained
(Table 1), limiting applicability to other populations. It would be expected that par-
ticipants who are highly endurance trained, competing at elite international levels (tier
4 and 5 McKay et al. 2022) would have greater adaptations for fat oxidation, therefore,
the effects of blackcurrant anthocyanins on fat oxidation and how this could influence
competitive performance situations in these groups are not known. However, there
have been some case studies examining effects of blackcurrant extract supplementation
and fat oxidation. For example, in an ultra-endurance runner during a 2-h run at 58%
VO,,... following 7-days of 210 mg-day™' of blackcurrant anthocyanins, there was a
23% increase in fat oxidation (control: 0.39+0.08 vs. blackcurrant: 0.48+0.12 g-min')
(Willems and Briggs 2022). Furthermore, during a 4-h indoor cycle at 165W with
carbohydrate and caffeine consumption of an experienced ironman triathlete, following
an intake of 420 mg blackcurrant anthocyanins 2-h before the cycling, there was a
possible increase in fat oxidation (placebo: 0.50+0.06 vs blackcurrant 0.56 +0.05g-min™!
(Willems et al. 2024). Additionally, effects in sedentary populations, people with dis-
ability, older adults or with metabolic disease are not known and should be examined.
The effectiveness of blackcurrant extract supplementation for promoting fat loss in
individuals with metabolic disease, overweight, or obesity is currently unknown. Of
note, Willems et al. (2023) demonstrated a 14-day intake of 210 mg-day™' anthocyanins
from blackcurrant extract to increase resting fat oxidation (baseline: 0.079 £0.03, vs.
blackcurrant 0.088+0.043 g-min~') in healthy active men, therefore viewed alongside
the findings of the present investigation indicates a strong potential for benefit.

Lastly, none of the studies included in this review have examined whether black-
currant-induced alterations in substrate utilization translate into improvements in
competitive endurance performance. Theoretically, an increase in fat oxidation following
blackcurrant supplementation may contribute to glycogen sparing during prolonged
endurance exercise and, in turn, enhance performance.

Jones et al. (2025) were the first to provide mechanistic insight into these effects
using vastus lateralis muscle biopsies collected pre-exercise and at 30 and 120 min during
120 min of cycling at 65% VO,, . in trained male cyclists following seven days of
blackcurrant anthocyanin supplementation (210 mg-day™'). The authors observed a 24%
increase in whole-body fat oxidation (p = 0.025) in the blackcurrant condition. Despite
a greater rate of muscle glycogen utilization during exercise following blackcurrant
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supplementation (blackcurrant: 3.19 + 1.21 vs. placebo: 1.80 + 0.70 mmolkg™!-min™!),
end-exercise muscle glycogen concentrations did not differ between conditions.

This finding was explained by higher pre-exercise muscle glycogen concentrations
in the blackcurrant condition (NZBC: 493 + 85 vs. placebo: 355 + 65 mmol-kg 'dry
weight; p = 0.007), resulting in a greater net glycogen breakdown during exercise
(NZBC: 383 + 145 vs. placebo: 216 + 84 mmol-kg 'dry weight). These glycogen
responses were accompanied by greater utilization of intramuscular triglycerides within
type I muscle fibers following blackcurrant anthocyanin supplementation, providing
mechanistic insight into the repeatedly observed increases in fat oxidation associated
with blackcurrant supplementation.

Conclusions

Blackcurrant extract increases fat oxidation and decreases carbohydrate oxidation during
exercise. The magnitude of change observed from the meta-analysis was an increase
in fat oxidation of 0.042g-min~! and a decrease in carbohydrate oxidation of 0.099 g-min~".
The systematic review identified fifteen studies that met the inclusion criteria, however,
of these studies, only eight demonstrated a change in substrate utilization during

exercise.

Author contributions

CRediT: Matthew D. Cook: Conceptualization, Data curation, Formal analysis, Investigation,
Methodology, Writing - original draft; James J. Bateman: Data curation, Investigation, Writing -
review & editing; Mark E.T. Willems: Data curation, Supervision, Writing - original draft.

Ethical statement

As this is a systematic review, ethics of working with human participants is not a factor. The
study was approved by the University of Worcester Health and Science Research Ethics Panel
(ANHS23240025) and all studies included in the analysis were all ethically approved by their
institutional ethics committees.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

No funding was obtained for this article.

Notes on contributors

Dr Matthew D. Cook (PhD) is a Senior Lecturer in Sport and Exercise Science at the University
of Worcester. His research interests encompass sports nutrition and the effects of polyphenols on
physiological responses and exercise performance.



14 M.D. COOKET AL.

James ]J. Bateman (MSc) is a Senior Lecturer in Sports Therapy at the University of Worcester.
His research focuses on sport, exercise, and rehabilitation. He has a particular interest in exer-
cise-based rehabilitation for individuals with long-term neurological conditions. His work to date
has explored rehabilitation strategies for people living with Parkinson’s disease, multiple sclerosis,
stroke, and acquired brain injury.

Dr Mark E.T. Willems (PhD) is a Professor Exercise Physiology at the University of Chichester.
He has research interests in the following areas: muscle physiology, muscle fatigue, muscle injury,
ageing and exercise, eccentric exercise, occupational physiology, supplementation and exercise (i.e.
New Zealand blackcurrant and matcha green tea) and exercise in clinical populations.

ORCID

Matthew D. Cook () http://orcid.org/0000-0002-6293-7566
James ]. Bateman http://orcid.org/0009-0009-6128-0740
Mark E.T. Willems (2 http://orcid.org/0000-0003-4385-8739

Data availability statement

Data described in the manuscript, will be made available upon request to the corresponding author

References

Ardern CL et al. 2022. Implementing the 27 PRISMA 2020 Statement items for systematic re-
views in the sport and exercise medicine, musculoskeletal rehabilitation and sports science
fields: the PERSIiST (implementing prisma in exercise, rehabilitation, sport medicine and SporTs
science) guidance. Br J Sports Med. 56(4):175-195. https://doi.org/10.1136/bjsports-2021-103987

Benn T et al. 2014. Polyphenol-rich blackcurrant extract prevents inflammation in diet-induced
obese mice. ] Nutr Biochem. 25(10):1019-1025. https://doi.org/10.1016/j.jnutbio.2014.05.008

Braakhuis AJ, Somerville VX, Hurst RD. 2020. The effect of New Zealand blackcurrant on sport
performance and related biomarkers: a systematic review and meta-analysis. ] Int Soc Sports
Nutr. 17(1):25. [accessed 2024 Mar 19]. https://doi.org/10.1186/s12970-020-00354-9

Cappellini F et al. 2021. Anthocyanins: from mechanisms of regulation in plants to health ben-
efits in foods. Front Plant Sci. 12:748049. https://doi.org/10.3389/fpls.2021.748049

Cerletti C et al. 2017. Dietary anthocyanins and health: data from FLORA and ATHENA EU
projects. Br J Clin Pharmacol. 83(1):103-106. https://doi.org/10.1111/bcp.12943

Clark JM et al. 2020. Improving the translation of search strategies using the polyglot search trans-
lator: a randomized controlled trial. ] Med Libr Assoc. 108(2):195-207. https://doi.org/10.5195/
jmla.2020.834

Cook MD et al. 2017. Dose effects of New Zealand blackcurrant on substrate oxidation and
physiological responses during prolonged cycling. Eur J Appl Physiol. 117(6):1207-1216. https://
doi.org/10.1007/s00421-017-3607-z

Cook MD, Dunne A, Bosworth M, Willems MET. 2023. Effect of intake duration of
anthocyanin-rich New Zealand blackcurrant extract on cardiovascular responses and femoral
artery diameter during sustained submaximal isometric contraction. J Diet Suppl. 20(1):15-27.
https://doi.org/10.1080/19390211.2021.1948943

Cook MD, Myers SD, Blacker SD, Willems MET. 2015. New Zealand blackcurrant extract im-
proves cycling performance and fat oxidation in cyclists. Eur J Appl Physiol. 115(11):2357-
2365. https://doi.org/10.1007/s00421-015-3215-8

Cook MD, Myers SD, Gault ML, Willems MET. 2017. Blackcurrant alters physiological responses
and femoral artery diameter during sustained isometric contraction. Nutrients. 9(6):556. https://
doi.org/10.3390/nu9060556


http://orcid.org/0000-0002-6293-7566
http://orcid.org/0009-0009-6128-0740
http://orcid.org/0000-0003-4385-8739
https://doi.org/10.1136/bjsports-2021-103987
https://doi.org/10.1016/j.jnutbio.2014.05.008
https://doi.org/10.1186/s12970-020-00354-9
https://doi.org/10.3389/fpls.2021.748049
https://doi.org/10.1111/bcp.12943
https://doi.org/10.5195/jmla.2020.834
https://doi.org/10.5195/jmla.2020.834
https://doi.org/10.1007/s00421-017-3607-z
https://doi.org/10.1007/s00421-017-3607-z
https://doi.org/10.1080/19390211.2021.1948943
https://doi.org/10.1007/s00421-015-3215-8
https://doi.org/10.3390/nu9060556
https://doi.org/10.3390/nu9060556

JOURNAL OF DIETARY SUPPLEMENTS (&) 15

Cook MD, Shan Y, Willems MET. 2025. Effects of New Zealand black currant extract on exer-
cising substrate utilization and postexercise blood pressure in men and women. Int J Sport
Nutr Exerc Metab. 35(2):150-161. https://doi.org/10.1123/ijsnem.2024-0108

Cook MD, Willems MET. 2019. Dietary anthocyanins: a review of the exercise performance ef-
fects and related physiological responses. Int J Sport Nutr Exerc Metab. 29(3):322-330. https://
doi.org/10.1123/ijsnem.2018-0088

Frandsen ] et al. 2017. Maximal fat oxidation is related to performance in an ironman triathlon.
Int ] Sports Med. 38(13):975-982. https://doi.org/10.1055/s-0043-117178

Higgins JP, Li T, Deeks JJ. 2022. Chapter 6: choosing effect measures and computing estimates of
effect. Cochrane.

Hiles AM et al. 2020. Dietary supplementation with New Zealand blackcurrant extract enhances
fat oxidation during submaximal exercise in the heat. ] Sci Med Sport. 23(10):908-912. https://
doi.org/10.1016/j.jsams.2020.02.017

Jones LA et al. 2025. New Zealand blackcurrant extract augments muscle glycogen storage at rest
and enhances intramuscular triglyceride degradation during prolonged exercise. Eur J Appl
Physiol. [published online ahead of print] https://doi.org/10.1007/S00421-025-05995-9

Lee SG et al. 2015. Contribution of anthocyanin composition to total antioxidant capacity of
berries. Plant Foods Hum Nutr. 70(4):427-432. https://doi.org/10.1007/S11130-015-0514-5

McKay AKA et al. 2022. Defining training and performance caliber: a participant classification
framework. Int J Sports Physiol Perform. 17(2):317-331. https://doi.org/10.1123/ijspp.2021-0451

Montanari S et al. 2020. No effects of New Zealand blackcurrant extract on physiological and
performance responses in trained male cyclists undertaking repeated testing across a week
period. Sports (Basel). 8(8):114. https://doi.org/10.3390/sports8080114

Moss SL et al. 2023. The effects of an acute dose of New Zealand blackcurrant extract on 5-km
running performance. Int J Sport Nutr Exerc Metab. 33(6):323-330. https://doi.org/10.1123/
ijsnem.2023-0029

Pastellidou E et al. 2021. Blackcurrant extract does not affect the speed-duration relationship
during high-intensity running. Eur J Sport Sci. 21(4):552-561. https://doi.org/10.1080/1746139
1.2020.1771428

Pilolla KD et al. 2023. Effects of wild blueberries on fat oxidation rates in aerobically trained
males. Nutrients. 15(6):1339. https://doi.org/10.3390/NU15061339

Rothwell JA et al. 2013. Phenol-Explorer 3.0: a major update of the phenol-explorer database to
incorporate data on the effects of food processing on polyphenol content. Database (Oxford).
2013(0):bat070-bat070. https://doi.org/10.1093/database/bat070

Sahin MA, Bilgi¢c P, Montanari S, Willems MET. 2022. Daily and not every-other-day intake of
anthocyanin-rich New Zealand blackcurrant extract alters substrate oxidation during
moderate-intensity walking in adult males. ] Diet Suppl. 19(1):49-61. https://doi.org/10.1080/1
9390211.2020.1841356

Sahin, PhD MA, Bilgi¢, PhD P, Montanari, MSc S, Willems, PhD MET. 2021. Intake duration of
anthocyanin-rich New Zealand blackcurrant extract affects metabolic responses during moder-
ate intensity walking exercise in adult males. ] Diet Suppl. 18(4):406-417. https://doi.org/10.10
80/19390211.2020.1783421

Shan Y, Cook MD. 2023. New Zealand blackcurrant increases postexercise hypotension following
sustained moderate-intensity exercise. Int J Sport Nutr Exerc Metab. 33(5):282-290. https://doi.
org/10.1123/ijsnem.2023-0014

Slimestad R, Solheim H. 2002. Anthocyanins from black currants (Ribes nigrum L.). J Agric
Food Chem. 50(11):3228-3231. https://doi.org/10.1021/JF011581U

Strauss JA, Willems MET, Shepherd SO. 2018. New Zealand blackcurrant extract enhances fat
oxidation during prolonged cycling in endurance-trained females. Eur ] Appl Physiol.
118(6):1265-1272. https://doi.org/10.1007/s00421-018-3858-3

Vest SD et al. 2018. Peak Fat Oxidation is not Independently Related to Ironman Performance
in Women. Int J Sports Med. 39(12):916-923. https://doi.org/10.1055/a-0660-0031


https://doi.org/10.1123/ijsnem.2024-0108
https://doi.org/10.1123/ijsnem.2018-0088
https://doi.org/10.1123/ijsnem.2018-0088
https://doi.org/10.1055/s-0043-117178
https://doi.org/10.1016/j.jsams.2020.02.017
https://doi.org/10.1016/j.jsams.2020.02.017
https://doi.org/10.1007/S00421-025-05995-9
https://doi.org/10.1007/S11130-015-0514-5
https://doi.org/10.1123/ijspp.2021-0451
https://doi.org/10.3390/sports8080114
https://doi.org/10.1123/ijsnem.2023-0029
https://doi.org/10.1123/ijsnem.2023-0029
https://doi.org/10.1080/17461391.2020.1771428
https://doi.org/10.1080/17461391.2020.1771428
https://doi.org/10.3390/NU15061339
https://doi.org/10.1093/database/bat070
https://doi.org/10.1080/19390211.2020.1841356
https://doi.org/10.1080/19390211.2020.1841356
https://doi.org/10.1080/19390211.2020.1783421
https://doi.org/10.1080/19390211.2020.1783421
https://doi.org/10.1123/ijsnem.2023-0014
https://doi.org/10.1123/ijsnem.2023-0014
https://doi.org/10.1021/JF011581U
https://doi.org/10.1007/s00421-018-3858-3
https://doi.org/10.1055/a-0660-0031

16 M.D. COOKET AL.

Wang J, Tan S, Cao L. 2015. Exercise training at the maximal fat oxidation intensity improved
health-related physical fitness in overweight middle-aged women. J Exerc Sci Fit. 13(2):111-
116. https://doi.org/10.1016/j.jest.2015.08.003

Willems ME, Blacker SD, Montanari S, Cook MD. 2025. Anthocyanin-rich blackcurrant supple-
mentation as a nutraceutical ergogenic aid for exercise performance and recovery: a narrative
review. Curr Dev Nutr. 9(1):104523. https://doi.org/10.1016/].CDNUT.2024.104523

Willems MET, Banic M, Cadden R, Barnett L. 2022. Enhanced walking-induced fat oxidation by
New Zealand blackcurrant extract is body composition-dependent in recreationally active adult
females. Nutrients. 14(7):1475. https://doi.org/10.3390/nu14071475

Willems MET, Bilgic P, Montanari S, Sahin MA. 2023. Two weeks daily intake of anthocyanin-rich
New Zealand blackcurrant extract enhances whole-body fat oxidation during supine rest in
healthy males. DSN. 2(8):30-40. https://doi.org/10.31989/dsn.v2i8.1124

Willems MET, Blacker SD. 2022. Anthocyanin-rich supplementation: emerging evidence of strong
potential for sport and exercise nutrition. Front Nutr. 9:864323. https://doi.org/10.3389/
fnut.2022.864323

Willems MET, Briggs AR. 2022. Running-induced metabolic and physiological responses using
New Zealand blackcurrant extract in a male ultra-endurance runner: a case study. J Funct
Morphol Kinesiol. 7(4):104. https://doi.org/10.3390/JFMK7040104

Willems MET, Cook MD. 2025. Alterations of exercise-induced carbohydrate and fat oxidation by
anthocyanin-rich New Zealand blackcurrant are associated with the pre-intervention metabolic
function: a secondary analysis of randomized crossover trials. Nutrients. 17(6):997. https://doi.
org/10.3390/NU17060997

Willems MET, Myers SD, Gault ML, Cook MD. 2015. Beneficial physiological effects with black-
currant intake in endurance athletes. Int J Sport Nutr Exerc Metab. 25(4):367-374. https://doi.
org/10.1123/ijsnem.2014-0233

Willems MET, Parktin N, Widjaja W, Ajjimaporn A. 2018. Effect of New Zealand blackcurrant
extract on physiological responses at rest and during brisk walking in southeast asian men: a
randomized, double-blind, placebo-controlled, crossover study. Nutrients. 10(11):1732. https://
doi.org/10.3390/nul10111732

Willems MET, Sahin MA, Berendsen T, Cook MD. 2019. Effect of New Zealand blackcurrant
extract on cycling performance and substrate oxidation in normobaric hypoxia in trained cy-
clists. Sports (Basel). 7(3):67. https://doi.org/10.3390/sports7030067

Willems MET, Spurr TJ, Lacey J, Briggs AR. 2024. Beneficial physiological and metabolic effects
with acute intake of New Zealand blackcurrant extract during 4h of indoor cycling in a male
ironman athlete: a case study. J Funct Morphol Kinesiol. 9(3):141. https://doi.org/10.3390/
JFMK9030141

Yang W et al. 2022. Structure and function of blueberry anthocyanins: a review of recent advanc-
es. ] Funct Foods. 88:104864. https://doi.org/10.1016/j.jff.2021.104864

Appendix A. Supplementary information

Search strings for databases.


https://doi.org/10.1016/j.jesf.2015.08.003
https://doi.org/10.1016/J.CDNUT.2024.104523
https://doi.org/10.3390/nu14071475
https://doi.org/10.31989/dsn.v2i8.1124
https://doi.org/10.3389/fnut.2022.864323
https://doi.org/10.3389/fnut.2022.864323
https://doi.org/10.3390/JFMK7040104
https://doi.org/10.3390/NU17060997
https://doi.org/10.3390/NU17060997
https://doi.org/10.1123/ijsnem.2014-0233
https://doi.org/10.1123/ijsnem.2014-0233
https://doi.org/10.3390/nu10111732
https://doi.org/10.3390/nu10111732
https://doi.org/10.3390/sports7030067
https://doi.org/10.3390/JFMK9030141
https://doi.org/10.3390/JFMK9030141
https://doi.org/10.1016/j.jff.2021.104864

	cook.pdf
	Blackcurrant Anthocyanin Supplementation Alters Exercise-Induced Substrate Utilization - A Systematic Review and Meta-Analysis.pdf
	Blackcurrant Anthocyanin Supplementation Alters Exercise-Induced Substrate Utilization - A Systematic Review and Meta-Analysis
	ABSTRACT
	Introduction
	Methods
	Literature search
	Search strategy
	Eligibility criteria
	Study selection
	Study coding and data extraction
	Methodological quality and risk of bias
	Statistical analysis

	Results
	Participants
	Meta-analysis

	Discussion
	Limitations

	Conclusions
	Author contributions
	Ethical statement
	Disclosure statement
	Funding
	Notes on contributors
	ORCID
	Data availability statement
	References
	Appendix A. Supplementary information



