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Abstract

Beneficial metabolic and cardiovascular effects of anthocyanin-rich New Zealand blackcurrant (NZBC) were primarily
observed in studies with female and male Caucasian participants. We examined the effects of 14-day intake of NZBC
extract (daily 210 mg of anthocyanins) during supine rest and moderate-intensity treadmill walking in Southeast Asian
women (n=16, age: 23+5 years, BMI: 22.9+3.8 kg'm 2, body fat (BF): 35+5%). A randomized, double-blind, placebo-
controlled, cross-over design was used. Beat-by-beat (PhysioFlow® Endure™) and breath-by-breath (Cortex Metalyzer
3B) measurements were recorded during 10-min of supine rest and 30-min of moderate-intensity treadmill walking (speed:
4.84+1.00 km-h™!). At rest, NZBC extract had no effect on the cardiovascular, physiological and metabolic responses.
During moderate-intensity exercise, only lower systemic vascular resistance (15%) was observed in 50% of the partici-
pants based on the smallest worthwhile change analysis (P=0.08 for the cohort with moderate effect size, d=0.62). There
was a significant correlation between fat oxidation during rest and moderate-intensity walking in the placebo and NZBC
extract condition. There was a trend (P=0.08) for the linear relationship between the walking-induced placebo respiratory
exchange ratio and change in fat oxidation by intake of NZBC extract. In Southeast Asian women, 14-day anthocyanin-
rich NZBC extract did not elicit consistent cardiorespiratory and metabolic effects, although some participants showed
reduced systemic vascular resistance. It is possible that there was not the bioavailability of plasma anthocyanin-induced
metabolites that could alter cell function for metabolic responses. Further research should optimize dosing strategies and
examine the roles of ethnicity, sex, and anthocyanin-induced metabolite bioavailability in shaping responsiveness to the
intake of anthocyanins.
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Introduction

The intake of dietary supplements by athletes is common
(Garthe and Maughan 2018). Athletes consume dietary
supplements with the aim to enhance physical training
sessions, improve competitive exercise performance and
support post-exercise recovery (for reviews see Peeling et
al. 2019; Salem et al. 2024; Wang et al. 2024a, b). For the
general population, however, dietary supplements are taken
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to potentially off-set nutritional deficiencies from habitual
food intake (e.g. vitamins) but also with the intent to support
the normal diet to provide health benefits (for reviews see
Solnier et al. 2023; Wang et al. 2024a, b). Inter-individual
responses for exercise and health effects by the intake of
dietary supplements by athletes and the general popula-
tion are normal (Margaritelis et al. 2023; Ramos-Romero
et al. 2021). Factors such as biological sex (Yamaguchi et
al. 2025), age (Capo6 et al. 2016) and training status (Tomas
Hlinsky et al. 2020) contribute to this variability.

In the last decade, supplementation with anthocyanins by
powder or extract made from New Zealand grown blackcur-
rant (Ribes nigrum L., family Grossulariaceae) has provided
evidence for performance-enhancing effects [16.1 km time-
trial (Cook et al. 2015) and high-intensity incremental tread-
mill running (Perkins et al. 2024)]. Health outcomes include
improved insulin sensitivity (Willems et al. 2017), greater
fat oxidation (Willems and Cook 2025), and reduction in
central arterial stiffness and blood pressure (Okamoto et
al. 2020). Anthocyanins (i.e. glycosylated anthocyanidins)
are members of the flavonoid polyphenol family (Cheynier
2005) with dark-colored berries, fruits and vegetables rich
sources of anthocyanins (He and Giustu 2010). In addition
to the numerous studies on effects by intake of blackcur-
rant powder or extract, studies with anthocyanin-rich has-
kap berry (Lonicera caerulea L., family Caprifoliaceae)
(Howatson et al. 2022), chokeberry (Vaccinium spp., family
Ericaceae) (Cikiriz et al. 2021) and blueberry (Vaccinium
spp., family Ericaceae) (Anders et al. 2021) have also pro-
vided beneficial exercise performance and metabolic effects
making the general case for studies on the applied effects
of anthocyanin-rich dietary supplements for sport, exercise
and health. However, dark-colored berries and fruits, for
example, can differ substantially with respect to anthocy-
anin composition (Wu et al. 2006). In the case of blackcur-
rant, it contains primarily (i.e. ~97-98% of anthocyanin
composition) the anthocyanins delphinidin-3-rutinoside,
delphinidin-3-glucoside, cyanidin-3-rutinoside and cyan-
idin-3-glucoside (Simerdovéa et al. 2021). The beneficial
exercise and health effects of anthocyanins are likely medi-
ated through the anti-oxidant and anti-inflammatory effects
of the anthocyanins and anthocyanin-induced metabolites.

The research on the effects of anthocyanin-rich powder
and extract intake from New Zealand grown blackcur-
rants has shown alteration of metabolic and cardiovascular
responses at rest and during exercise in studies with primar-
ily Caucasian female and male participants. For example,
during moderate-intensity walking, Willems et al. (2022)
observed with an intake of 1-week of NZBC extract (210 mg
anthocyanins per day) in Caucasian female participants an
increase in fat oxidation with moderate-intensity treadmill
walking that correlated with body mass index and body fat
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(%) in arms, legs and trunk. In addition, Sahin et al. (2021)
observed in male Caucasian participants that 1-week intake
of NZBC extract (210 mg anthocyanins per day) enhanced
treadmill walking-induced fat oxidation by 11%. In addi-
tion, in the same cohort, there was also an increase in car-
diac output and a reduced total peripheral resistance during
moderate-intensity treadmill walking (Sahin et al. 2023). In
contrast, in Willems et al. (2018), a study with matching
methodology for dosing strategy and exercise modality and
intensity as in Sahin et al. (2021), Southeast Asian men did
not respond with a change in exercise-induced substrate uti-
lization and only a trend for cardiovascular changes. This
would suggest that ethnicity is another factor that needs to
be considered for our understanding of individual responses
to the intake of dietary supplements. Supporting this, Akins
et al. (2021) demonstrated race-specific differences for the
effect of dietary nitrate on the cardiovascular mental stress
response. However, it remains possible that the absence of a
metabolic response in the Southeast Asian men to the intake
of anthocyanin-rich blackcurrant (Willems et al. 2018) was
due to the dosing strategy, i.e. either a higher daily dose of
anthocyanins or a longer intake duration would have been
required to obtain a response. Dose and intake duration of
NZBC extract can affect the responses. A dose-response
study with 7 days intake of NZBC extract in Caucasian
male cyclists showed different exercise-induced metabolic
responses with 315 mg of anthocyanins than 105 mg of
anthocyanins during 2 h of cycling at an intensity of 65%
of maximum oxygen uptake (Cook et al. 2017). In addition,
intake duration observations in Sahin et al. (2021, 2023)
seem to suggest that metabolic and some cardiovascular
responses with a two-week intake provided larger changes
than 1-week intake during moderate-intensity walking. The
majority of supplementation studies to examine exercise
effects have focused on men, highlighting the need for more
research involving female participant (Smith et al. 2022).
Therefore, the primary aim of the present study was to
examine the effects of a two-week intake of anthocyanin-
rich New Zealand blackcurrant extract on the cardiovascu-
lar, physiological and metabolic responses during supine
rest and moderate-intensity walking in Southeast Asian
females. In Caucasian men, resting fat oxidation correlated
significantly with exercise-induced maximal fat oxida-
tion (Robinson et al. 2016). In Southeast Asian men, there
was a significant correlation between whole-body resting
fat oxidation and exercise-induced fat oxidation (Willems
et al. 2018). Such information is not available for South-
east Asian females. Therefore, the second aim of the study
was to examine whether there is a significant correlation
between whole-body fat oxidation at rest and during mod-
erate intensity exercise in Southeast Asian women. Finally,
the third aim was to examine the relationship between body
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fat percentage and the changes in exercise-induced fat oxi-
dation in Southeast Asian women, as previously shown in
Caucasian women (Willems et al. 2022).

Methods
Participants

Sixteen healthy Southeast Asian (i.e., Thai) women par-
ticipated in the study (age: 23+5 years, height: 160+4 cm,
body mass: 58.4+11.4 kg, body mass index (BMI):
22.9+3.8 kg'm 2 (mean=SD) (range BMI: 19.1-30.8,
eleven with normal weight, three overweight and two obese
(World Health Organisation 2004). The participants were
recreationally active, engaging in habitual physical activ-
ity as part of daily living and leisure-time activities, but
were not involved in structured physical training programs
at the time of the study. This activity profile is consistent
with participants in previous studies examining the physi-
ological and metabolic effects of New Zealand blackcurrant
extract in non-athletic populations. A cash honorarium was
provided for participation in the study. Participants provided
written informed consent after explanation of the aims of
the study, the experimental procedures, the participant’s
requirements for testing and potential risks and benefits.
The participants were non-smokers, had no known allergies
to anthocyanins and were not taking other dietary supple-
mentation. Ethical approval for the study was obtained
from Mahidol University (approval code: MU-CIRB
2022/091.2908, approval date: 29/08/2022). Protocols and
procedures of the study adhered to the principles of the 2013
Declaration of Helsinki.

Experimental design

The study had a double-blind, placebo-controlled, random-
ized cross-over design. Randomization was done with a
standard coin flip. Nine participants were tested first in the
placebo condition following the familiarization visit. Par-
ticipants had three visits in the morning over a period of 2
months to the air-conditioned exercise physiology laboratory
at the College of Sports Science and Technology at Mahidol
University Thailand (temperature: 27.5+0.9 °C, humidity:
44+4%, barometric pressure: 1014+3 mbar (mean+SD).
For all visits, participants abstained from unaccustomed and
high-intensity exercise for 48 h, did not consume alcohol for
24 h and were not allowed to consume caffeine-containing
products on the day of testing.

First visit — familiarization and pre-testing

During the first visit, the main aim was familiarization of
the participants with all testing procedures. Height was
measured (Nagata S/N CH2882, Taiwan). Body composi-
tion was measured from a full body scan using dual X-ray
absorptiometry (Lunar iDXA, enCORE software V18, GE
Healthcare, Madison, WI, USA). This was followed by a
2 x 10-min measurement in rest in a supine position of car-
diovascular responses (Physioflow®, Bristol, PA, USA) with
the participant fitted with skin electrodes (Ambu®, Blue-
sensor, Malaysia) according to manufacturer guidelines.
Recording with a portable breath-by-breath system (Cortex
Metalyzer 3B, CORTEX Biophysik GmbH, Leipzig, Ger-
many) allowed simultaneous measurements of the respi-
ratory and metabolic responses. The measurements in rest
were taken with the lights dimmed, no background music
and no use of electronic devices with a 5 min break between
the 2 X 10 min measurements. The lowest recording for oxy-
gen consumption during the 2% 10 min measurements was
taken as the one metabolic equivalent of task (1-MET), i.e.
3.31£0.66 mL-kg “min"! (mean+SD). The individual
I-MET value was used for the calculation of the treadmill
speed (see below) for the walking-induced 5-MET inten-
sity (i.e. moderate-intensity exercise) with the incremental
walking test. The incremental walking test was initiated
with a starting speed of 2 km-h™! with a stage increment
of 1 km-h™! (Marquette Series 2000 treadmill, USA). Each
stage lasted 8-min and normally 4 to 5 stages were com-
pleted in order to achieve an oxygen consumption in the last
stage close or over the 5-MET value based on the Cortex
feedback during the test. Precise calculation of the oxygen
consumption in each stage was based on the recordings of
the expired air in the last 3 min of each stage. The linear
relationship between the treadmill speed and oxygen con-
sumption (Arts and Kuipers 1994) expressed as the meta-
bolic equivalent (?=0.9406+0.0346, mean+SD) allowed
the calculation of the walking speed at 5-METs (i.e. moder-
ate intensity exercise).

Dosing strategy and experimental visits

Before the experimental visits for the placebo and NZBC
extract condition, the dosing strategy involved a daily
dose for 14 days. The optimal dosing strategy for optimal
responses of anthocyanin-rich extract is not known. How-
ever, a 14-day intake duration with a dose of 210 mg of
blackcurrant anthocyanins daily was chosen due to the
absence of metabolic responses in a study with 7-day
intake and similar dose in Southeast Asian males (Wil-
lems et al. 2018). The female participants consumed two
doses of capsulated placebo (each capsule containing
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300 mg microcrystalline cellulose M102) or anthocyanin-
rich NZBC extract (CurraNZ, Health Currancy Ltd, Surrey,
United Kingdom). According to company information, each
capsule of 300 mg with NZBC extract contained 105 mg of
anthocyanins, i.e. 35-50% delphinidin-3-rutinoside, 5-20%
delphinidin-3-glucoside, 30-45% cyanidin-3-rutinoside,
3-10% cyanidin-3 glucoside. The remaining content of the
NZBC extract capsules consisted mainly of natural plant
sugars. Each capsule of NZBC extract equals about 85 New
Zealand grown blackcurrants. Placebo and NZBC extract
capsules were of similar size and identical looking. For the
first 13 days, the participants were advised to consume the
two capsules daily with breakfast. The final two capsules
in each condition were taken 90 min before arrival in the
laboratory on the day of testing. Participants were advised
to consume the final two capsules with a slice of bread and
water. The dosing strategy adopted a washout period that
corresponded with the duration of the menstrual cycle. For
the cohort, the number of wash-out days was 2942 days
except for one participant which was tested with 56 days in
between the placebo and NZBC extract conditions. Capsule
compliance was monitored by capsule counts and partici-
pant self-report, indicating good adherence to the supple-
mentation protocol. Blinding success was assessed at study
completion by asking participants to guess the condition
received, with no systematic indication of unblinding. With
this dosing strategy in the present study, each female par-
ticipant was tested in a similar phase of the menstrual cycle
(Olenick et al. 2024). The phase of the menstrual cycle was
not verified and use of contraceptives was not recorded.
Menstrual cycle phase was controlled by scheduling the
placebo and NZBC extract conditions within the same self-
reported phase of the menstrual cycle for each participant.
Information on menstrual cycle timing was obtained by par-
ticipant self-report. The participants recorded for a period of
48 h their dietary intake before the first experimental visit in
either the placebo or NZBC condition and were instructed to
replicate the intake for the 48 h for the subsequent visit. The
food diaries were analysed with INMUcal v.3 NB.3, with

Table 1 Daily dietary intake with absolute values and values relative
to body mass

Parameter Placebo NZBC extract
Carbohydrate (g) 148+52 136+ 64
(g'kg body mass™!) 2.6+0.8 24+1.2

Fat (g) 59426 74+45
(g'kg body mass™!) 1.0£0.5 1.3£0.9
Protein (g) 71£34 70+24
(g'kg body mass ™) 1.2+0.6 12404
Total energy intake (kJ) 5869+2201 6244+2451
(kJ-body mass™ ") 138+101 109+49

Values are means=SD for 16 female participants (age: 23+5 years,
BMI: 22.9+3.8 kg'm ™2

NZBC New Zealand blackcurrant.
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values for nutrition for the Thai food (Institute of Nutrition,
Mabhidol University, Thailand) to quantify carbohydrate, fat
and protein intake and total energy intake (kJ) (Table 1).
There were no differences for carbohydrate, fat and protein
intake and total energy intake in the placebo and NZBC
extract condition (P>0.05).

For the placebo and NZBC extract condition, cardio-
vascular responses and expired air were taken during
2 x 10 min measurements for rest in supine position and dur-
ing the 30-min on the treadmill at individualized walking
speed. The second 10 min rest measurements were used for
analysis. The individualized walking speeds calculated for
the moderate-intensity exercise were 4.84+1.00 km-hr !
(mean+SD) (range: 3.36-6.90 km-hr ). During rest and
treadmill walking, beat-by-beat and breath-by-breath
recording systems were used as described above.

Calculations and statistical analysis

The respiratory exchange ratio (i.e. RER) was calculated
by the ratio of the volume of carbon dioxide produced and
the volume of oxygen uptake. The rates of whole-body fat
and carbohydrate oxidation were calculated with Egs. 1 and
2 for moderate to high-intensity exercise from Jeukendrup
and Wallis (2005), based on the stoichiometry of glucose
and palmitic acid and the assumption of negligible protein
oxidation:

Fat oxidation (g . min_l) =1.695x VOy—1.701 x VCOy (1)

Carbohydrate ozxidation (g-min~"') = 4.210 x VCO, — 2.962 x VO, (2)

Due to the number of parameters, sample size in the present
study (n=16) was decided based on the sample size used in
previous studies in female and male Caucasian participants
reporting on cardiovascular and metabolic responses (n=16
men: Sahin et al. 2021, 2023, n=12 women: Willems et al.
2022). However, a sensitivity analysis indicated that with
n=16 in the cross-over design and a=0.05 (two-sided),
the study had 80% power to detect within-subject effects
of approximately Cohen’s d=0.75 (i.e., large effects). Due
to an absence of information on factors that may affect the
responses to the intake of blackcurrant intake, we did not
attempt a covariate analysis. The statistical analyses were
completed using GraphPad Prism (v5 for Windows, Graph-
Pad Software, La Jolla, USA). Data normality assumptions
were tested with the Kolmogorov-Smirnov test with cardiac
output in the NZBC condition during rest, systemic vas-
cular resistance in the placebo condition during rest, and
stroke volume during exercise in both conditions not pass-
ing normality. A Wilcoxon signed ranked test was used for
not normally distributed parameters, otherwise two-tailed
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Table 2 Physiological and metabolic responses during rest in supine

Table 3 Cardiovascular responses during rest in supine position

position Parameter Placebo NZBC p-value
Parameter Placebo NZBC extract p-value extract

Breathing frequency 15+2 16+2 0.685 Heart rate (beats min™!) 63+9 60+8 0.156
(bpm) Stroke volume (mL) 78+12 78+9 0.962
Tidal volume (mL) 380+65 377+57 0.896 Cardiac output (L-min”") 4.84+0.71  4.66+0.66 0.171
Minute ventilation 5.58+0.72 5.72+£0.74  0.618 Systemic vascular resistance  1341+263  1310£213  0.856
(L'min™") (dynes-s-cm™)

Oxygen consumption 185+21 192426 0.348 Values are mean+SD (n=16 Southeast Asian women, age: 23+5
(mL-'min~") years, BMI: 22.9+3.8 kg'm™2).

Oxygen consumption 3.24+0.48 3.38+£0.75 0328 Dosing with NZBC extract was two weeks with daily 210 mg of
(mL-kg "-min"") blackcurrant anthocyanins

Carbon dioxide production ~ 157+£15 161+22 0.572 NZBC New Zealand blackcurrant extract

(mL-min" 1)

Carbohydrate oxidation 0.122+0.030 0.119+0.034 0.801

(g'min~") Results

Fat oxidation (g-min~ ') 0.046+0.016 0.051+0.014 0.182

Respiratory exchange ratio  0.85+0.04 0.84+0.04  0.384

Values are mean+SD (n=16 Southeast Asian women, age: 23+5
years, BMI: 22.9+3.8 kg-m ).

Dosing with NZBC extract was two weeks with daily 210 mg of
blackcurrant anthocyanins

NZBC New Zealand blackcurrant extract, bpm breaths per minute

paired samples t-test. For the individual responses to the
intake of NZBC, the smallest worthwhile change (SWC)-
based threshold (i.e., 0.2 x SD of the placebo data) was used
to assess meaningful individual responses (Swinton et al.
2018) for parameters with a change or trend for change.
Individual responses were determined by counts of the dif-
ferences in the responses between the New Zealand black-
currant extract and placebo condition beyond the SWC.
Effect sizes, i.e. Cohen’s d were calculated for changes that
were significant or showed a trend for significance, with an
effect size of <0.2 as a trivial, 0.2-0.39 as a small, 0.4-0.69
as a moderate and >0.7 as a large magnitude of change.
Pearson correlation coefficients were calculated for (1) the
relationship between fat oxidation at rest and fat oxidation
during the moderate-intensity 30-min walk for placebo and
NZBC extract conditions, and (2) the relationship between
body fat (%) and the change in walking-induced fat oxida-
tion by intake of NZBC extract. Correlation analyses were
exploratory and intended to describe associations within
conditions. Statistical significance was accepted at P<0.05.
Interpretation of 0.05>P<0.1 (a trend) was according to
guidelines by Curran-Everett and Benos (2004). Data are
presented as mean+ SD.

Physiological and metabolic responses during rest
in supine position

In Table 2 are presented the absolute values (mean=+SD)
for the physiological and metabolic parameters during
rest in a supine position for the placebo and New Zealand
blackcurrant extract condition. In rest, the New Zealand
blackcurrant extract had no effect on breathing frequency
(placebo: 95%CI [14, 17 bpm], NZBC extract: 95%CI [14,
17 bpml]), tidal volume (placebo: 95%CI [345, 415 mL];
NZBC extract: 95%CI [347, 408 mL]), minute ventila-
tion (placebo: 95%CI [5.19, 5.96 L-min" '], NZBC extract:
95%CI [5.32, 6.11 L-min"']), oxygen uptake in absolute
(placebo: 95%CI [174, 196 mL-min '], NZBC extract:
95%CI [178, 206 mL-min_']) and relative values (placebo:
95%C1 [2.98, 3.49 mL-kg '-min~ '], NZBC extract: 95%CI
[2.98, 3.78 mL-kg “min ']), carbon dioxide production
(placebo: 95%CI [150, 165 mL-min '], NZBC extract:
95% CI[150, 173 mL-min™']), carbohydrate oxidation (pla-
cebo: 95%CI [0.106, 0.138 g-min~ '], NZBC extract: 95%CI
[0.101, 0.137 g-min~']), fat oxidation (placebo: 95%CI
[0.038, 0.055 g'min !], NZBC extract: 95%CI [0.043,
0.058 g-min ']) and respiratory exchange ratio (placebo:
95%CI [0.83, 0.88], NZBC extract: 95%CI [0.82, 0.86]).
The dosing of 210 mg of blackcurrant anthocyanins for two
weeks in Southeast Asian women does not seem to alter cell
functions that may result in physiological and metabolic
responses during supine rest.

Cardiovascular responses during rest in a supine
position

In Table 3 are presented the absolute values (mean=+SD)
for the cardiovascular parameters during rest in a supine
position for the placebo and New Zealand blackcur-
rant extract condition. In rest, New Zealand blackcur-
rant had no effect on heart rate (placebo: 95%CI [58, 67
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beats-min~']), NZBC extract: 95%CI [56, 64 beats-min ™ ']),
stroke volume (placebo: 95%CI [72, 84 mL]), NZBC
extract: 95%CI [73, 83 mlL]), cardiac output (placebo:
95%CI [4.47, 5.22 L-min " ']), NZBC extract: 95%CI [4.32,
5.03 L-min ']) and systemic vascular resistance (placebo:
95%CI [1201, 1481 dynes-s-cm°]), NZBC extract: 95%CI
[1197, 1424 dynes-s-cm °]). An absence of an effect on the
cardiovascular responses by intake of two weeks of 210 mg
of blackcurrant anthocyanins indicates that endothelial cell
function was not changed.

Physiological and metabolic responses during the
30-min treadmill walk at moderate intensity

The aim of the measurements during rest and during an
incremental walking test in the first visit was to calculate the
treadmill walking speed at a moderate intensity of 5-MET.
For the placebo and NZBC extract condition, the responses
for oxygen consumption at rest (see methods) and during the
30-min walk showed that the moderate intensity in METs
was not different between conditions (placebo: 4.54+0.82
MET; NZBC extract: 4.46+0.87 MET, P=0.577). In Table 4
are presented the physiological and metabolic responses
(mean+SD) during the moderate-intensity treadmill walk
for the placebo and New Zealand blackcurrant extract con-
dition. During moderate-intensity treadmill walking, the
New Zealand blackcurrant extract had no effect on breathing
frequency (placebo: 95%CI [26, 32 bpm], NZBC extract:
95%CI [26, 33 bpm]), tidal volume (placebo: 95%CI [798,
931 mL]; NZBC extract: 95%CI [783, 941 mL]), minute
ventilation (placebo: 95%CI [21.30, 27.29 L-min"!], NZBC
extract: 95%CI [21.64, 27.96 L-min”']), oxygen uptake in

Table 4 Physiological and metabolic responses during 30-min of mod-
erate intensity treadmill walking

Parameter Placebo NZBC extract p-value
Breathing frequency 29+6 30+6 0.302
(bpm)

Tidal volume (mL) 865+125 862+148 0.877
Minute ventilation 2430+£5.62  24.80+5.93  0.330
(L-min~ ")

Oxygen consumption 828+ 167 838+158 0.577
(mL-min" )

Oxygen consumption 14.60+3.91 14.84+4.07  0.448
(mL-kg™ "min™")

Carbon dioxide production ~ 723+149 734+139 0.479
(mL-min )

Carbohydrate oxidation 0.631+£0.194 0.651+0.196 0.640
(gmin”")

Fat oxidation (g-min™!) 0.175+0.065 0.173+0.073  0.904
Respiratory exchange ratio  0.87+0.04 0.88+0.04  0.734

Values are mean+SD (=16 Southeast Asian women, age: 23+5
years, BMI: 22.9+3.8 kg'm™?). Dosing with NZBC extract was two
weeks with daily 210 mg of blackcurrant anthocyanins

NZBC New Zealand blackcurrant extract. bpm, breaths per minute
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absolute (placebo: 95%CI [739, 916 mL-min '], NZBC
extract: 95%CI [754, 922 mL-min ']) and relative values
(placebo: 95%CI [12.52, 16.68 mL-kg !'min '], NZBC
extract: 95%CI [12.67, 17.01 mL-kg ''min"']), carbon
dioxide production (placebo: 95%CI [643, 802 mL-min '],
NZBC extract: 95% CI [660, 808 mL-min " ']), carbohydrate
oxidation (placebo: 95%CI [0.528, 0.734 g-min '], NZBC
extract: 95%CI [0.546, 0.755 g-min"']), fat oxidation (pla-
cebo: 95%CI [0.141, 210 g-min '], NZBC extract: 95%CI
[0.135,0.212 g-min ']) and respiratory exchange ratio (pla-
cebo: 95%CI [0.85, 0.89], NZBC extract: 95%CI [0.85,
0.90]). The dosing of 210 mg of blackcurrant anthocyanins
for two weeks in Southeast Asian women does not seem
to alter cell functions that may result in physiological and
metabolic responses during moderate-intensity treadmill
walking.

For Southeast Asian women, whole-body fat oxidation
in rest and during the moderate-intensity 30-min treadmill
walk were significantly correlated for both the placebo
(Fig. 1a) and NZBC extract conditions (Fig. 1b). In addi-
tion, there was a trend for a significant correlation for the
relationship between walking induced respiratory exchange
ratio in the placebo condition and NZBC extract induced
change in fat oxidation during the moderate-intensity tread-
mill walk (Fig. 2a). There was no significant correlation
between body fat (%) and NZBC extract induced change in
fat oxidation during the moderate-intensity treadmill walk.

Cardiovascular responses during the 30-min
treadmill walk at moderate intensity

In Table 5 are presented the absolute values (mean=+SD) for
the cardiovascular parameters during rest in a supine posi-
tion for the placebo and New Zealand blackcurrant extract
condition. In rest, New Zealand blackcurrant had no effect
on heart rate (placebo: 95%CI [107, 131 beats-min ']),
NZBC extract: 95%CI [108, 131 beats-min"']), stroke
volume (placebo: 95%CI [94, 115 mL]), NZBC extract:
95%CI [95, 114 mL]) and cardiac output (placebo: 95%CI
[11.18, 13.17 L-min ']), NZBC extract: 95%CI [11.33,
13.13 L-min"']). For systemic vascular resistance (placebo:
95%CI [481, 584 dynes's-cm °]), NZBC extract: 95%CI
[457, 544 dynes-s-cm™°]), there was a trend for lower val-
ues by 5% for the group in the NZBC extract condition with
a moderate effect size (d=0.62). Eight of the participants
had a change larger than the smallest worthwhile change
with for those participants lower values for systemic vas-
cular resistance by 15%. An absence of a clear effect on
all cardiovascular responses, but lower systemic vascular
resistance in 50% of the participants, indicating whole-body
vasodilation by intake of two weeks of 210 mg of black-
currant anthocyanins during moderate intensity treadmill
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Table 5 Cardiovascular responses during the 30-min of moderate
intensity treadmill walking

Parameter Placebo NZBC p-value
extract

Heart rate (beats min~!) 119+23 120+£22 0.760

Stroke volume (mL) 104=19 104+18 0.737

Cardiac output (L-min™ ") 12.17+£1.87  12.23+£1.69 0.889

Systemic vascular resistance ~ 533+97 500482 0.081

(dynes-s-cm™)

Values are mean+SD (=16 Southeast Asian women, age: 23+5
years, BMI: 22.9+3.8 kgrm™2)

Dosing with NZBC extract was two weeks with daily 210 mg of
blackcurrant anthocyanins

NZBC New Zealand blackcurrant extract.
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body fat (%) and NZBC extract induced change in fat oxidation during
the moderate intensity walk. There was a trend for the pearson correla-
tion coefficient to be significant in a

walking indicates that endothelial cell function was changed
in some of the participants.

Discussion

This is the first study that examines in Southeast Asian
women the effect of an anthocyanin-rich dietary supple-
ment on the cardiovascular, physiological and metabolic
responses during rest and moderate-intensity exercise.
Given the underrepresentation of female and non-Caucasian
participants in sports and exercise nutrition research, our
findings provide insight into potential ethnicity- and sex-
specific differences in responsiveness to anthocyanin sup-
plementation. In the present study, Southeast Asian women
(age: 23+5 years, BMI: 22.9+3.8 kg'm~?) did respond to a
2-week daily intake of 210 mg of anthocyanins of an extract
made from New Zealand grown blackcurrants with a trend
for reduced walking-induced systemic vascular resistance.
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However, the effect of lower systemic vascular resistance
was observed only in 50% of the participants and repre-
sented an isolated cardiovascular response. During supine
rest and walking-induced responses at moderate intensity
(~4.5 METs), other cardiovascular (i.e., heart rate, stroke
volume, cardiac output), the physiological (i.e., breathing
frequency, tidal volume, minute ventilation, oxygen uptake
and carbon dioxide production) and metabolic responses
(i.e., fat oxidation, carbohydrate oxidation and respiratory
exchange ratio) were not altered. The potential effect on
systemic vascular resistance needs to be treated with cau-
tion as our statistical analysis did not adjust for multiplicity
testing and we had for this outcome overlapping confidence
intervals. In addition, It needs to be acknowledged that the
standard deviations for repeated measurements of systemic
vascular resistance and other parameters during rest and
moderate-intensity walking in our study were not known.
In White (i.e. Caucasian) women, a dosing strategy with
7-days intake and 210 mg anthocyanins during moderate-
intensity treadmill walking (i.e. 4.7+£0.4 METs) enhanced
walking-induced fat oxidation by 25% and provided lower
values for carbohydrate oxidation by 10.8% and for respi-
ratory exchange ratio by 3% (Willems et al. 2022). In the
study by Willems et al. (2022), many of the physiological
and metabolic responses during moderate-intensity tread-
mill walking in the placebo condition were similar in com-
parison with the observations in the present study: e.g. heart
rate placebo: 121+17 beats-min~ !, minute ventilation pla-
cebo: 25.8+7.4 L-min !, oxygen uptake placebo: 16.1+2.1
mL-kg "-min~!, and respiratory exchange ratio placebo:
0.86+0.05). A notable difference was that the Southeast
Asian women had lower walking-induced fat oxidation
than Caucasian women by ~27% (Willems et al. (2022):
0.241+0.086, the present study: 0.175+0.065 g-min !).
This is notable because lower exercise-induced fat oxidation
capacity has been associated with a greater risk for insulin
resistance and metabolic disorders, which are highly preva-
lent in Asian populations (Wulan et al. 2021). A previous
study has also reported lower fat oxidation during exercise
in South Asian compared with White European men (Hall et
al. 2010). Nevertheless, the alteration of substrate utilization
by intake of blackcurrant anthocyanins has been confirmed
in other studies as well with Caucasian female and male
participants (Strauss et al. 2018; Sahin et al. 2021). The
longer intake duration in the present study, albeit without
outcome on substrate utilization, was based on supplemen-
tation methodology in the study by Willems et al. (2018) in
Southeast Asian men in which a 7-day intake with 210 mg
of blackcurrant anthocyanins did not provide alterations in
substrate utilization in rest and during moderate-intensity
treadmill walking. However, the observations by Willems
et al. (2018) and the present study confirm that in Southeast

@ Springer

Asian women and men, the fat oxidation in rest is associated
with exercise-induced fat oxidation and confirming obser-
vations in Caucasians by Robinson et al. (2016). In addi-
tion, a recent secondary analysis of studies that reported
enhanced exercise-induced fat oxidation by intake of
anthocyanin-rich blackcurrant showed that the respiratory
exchange ratio during exercise in the placebo condition cor-
related with the change in fat oxidation during the exercise
(Willems and Cook 2025). This relationship was confirmed
in the present study. However, Fig. 2a suggests considerable
inter-individual variability, with some participants show-
ing increased fat oxidation and others showing the oppo-
site, resulting in no overall group effect. This highlights the
need for future work to investigate whether specific phe-
notypes or metabolic profiles determine responsiveness to
anthocyanin supplementation. It needs to be noted here as
well that even in studies with Caucasians in which there is
a group effect for altered substrate utilization with intake of
blackcurrant, the optimal dosing strategy with blackcurrant
anthocyanins to alter the metabolic responses during rest
and exercise is not known. In the present study, the absence
of a metabolic response to the intake of anthocyanin-rich
blackcurrant extract may suggest in Southeast Asian women
that the causal mechanisms for altered substrate utilization
were not triggered with the selected dosing strategy and is
likely associated with the metabolism of the blackcurrant
anthocyanins. The present findings should be interpreted
within the context of the study population. As no Caucasian
comparator group was included, conclusions are limited
to Southeast Asian women, and direct comparisons across
ethnic groups cannot be made. The references to previous
studies in Caucasian populations were intended to provide
contextual background rather than evidence of ethnic differ-
ences. Therefore, the observed responses reflect physiologi-
cal and metabolic characteristics specific to Southeast Asian
women under the present experimental conditions. In addi-
tion, we did not control for having the women tested in a
similar phase of the menstrual cycle. In addition to potential
ethnic differences in anthocyanin metabolism and bioavail-
ability, race-specific differences in fat distribution may also
have contributed to the observed metabolic responses. It is
well established that Asian populations tend to accumulate
a greater proportion of visceral adipose tissue relative to
subcutaneous fat at a given body mass index or total body
fat percentage compared with Caucasian populations, a pat-
tern associated with increased metabolic risk and altered
substrate utilization. Visceral adiposity is closely associ-
ated with insulin resistance, altered lipid metabolism, and
reduced metabolic flexibility, which may influence substrate
utilization during rest and exercise. Although total body fat
percentage was assessed in the present study, visceral and
subcutaneous fat depots were not distinguished in the study
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design or analysis. Therefore, the potential role of fat distri-
bution influencing responsiveness to anthocyanin-rich New
Zealand blackcurrant supplementation could not be evalu-
ated. This represents a limitation of the present study and
should be considered when interpreting ethnic differences
in metabolic outcomes. Future studies should incorporate
direct assessments of fat distribution to better elucidate the
interaction between ethnicity, fat distribution, and metabolic
responses to anthocyanin supplementation.

Anthocyanin metabolism is a process involving enzymes
in the gut, intestines and liver. It is possible that the absence
of a metabolic effect to the intake of blackcurrant antho-
cyanins in Southeast Asians compared to Caucasians may
be due to differences in anthocyanin metabolism at least
with the selected dosing strategy. For example, it is known
that there are differences in the drug-metabolizing enzyme
CYP1A2 in Southeast Asian and European individuals due
to diet, lifestyle and genetic factors (Perera et al. 2012).
CYPI1A2 is just one of the many enzymes involved in caf-
feine metabolism and a recent review by Low et al. (2024)
highlights ethnic differences due to genetic variability in
these enzymes. As it is not clear which specific enzymes
are involved for the handling of blackcurrant anthocyanins,
ethnic difference in those enzymes and activity is specula-
tive but cannot be excluded. In addition, differences in the
gut microbiome due to ethnicity and diet by Southeast Asian
and Caucasian participants in our studies on blackcurrant
effects is very likely (see Gupta et al. 2017) and affecting
anthocyanin metabolism (Baky et al. 2022). It is also pos-
sible that differences in gut microbiome exist due to the
Southeast Asian participants being heat-acclimatised, albeit
as far as we know, it has only been shown in rats that expo-
sure to 35+1 °C, 60+5% humidity and for 120 min per day
for 28 days changes the gut microbiome (Cao et al. 2022).
We did not measure plasma or urinary anthocyanin metab-
olites, which is a limitation of the present study. Without
bioavailability data, it is not possible to determine whether
the absence of metabolic effects reflects poor absorption,
rapid clearance, or ethnic-specific differences in metabo-
lism with the selected dosing strategy. The role of genes,
ethnicity, age, environmental conditions, diet and other
lifestyle factors need to be understood how they can affect
the plasma bioavailability of anthocyanins and anthocyanin-
induced metabolites and whether they can alter whole-body
metabolism of the macronutrients fats and carbohydrates.
The reader is referred to reviews by Lila et al. (2016) and
Eker et al. (2019) for the handling of anthocyanins and fac-
tors that contribute to the bioavailability of anthocyanins
and anthocyanin-induced metabolites. Thus, future stud-
ies should combine supplementation trials with metabolite
profiling and microbiome analysis to clarify mechanisms

underlying inter-individual and ethnic differences in antho-
cyanin responsiveness.

In the present study, the intake of NZBC extract showed
a trend for lower walking-induced systemic vascular resis-
tance. Lower exercise-induced systemic vascular resis-
tance with intake of anthocyanin-rich blackcurrant was also
shown in Southeast Asian men (Willems et al. 2018). This
would suggest that Southeast Asians can have beneficial
effects on exercise-induced endothelial function with intake
of an anthocyanin-rich supplement. The purported effects of
anthocyanin-rich blackcurrant during exercise may be due
to the presence and ability of some anthocyanin-induced
metabolites to reduce oxidative stress. Based on many stud-
ies with Caucasian and Asian participants, cardiovascular
responses are possible with intake of blackcurrant anthocya-
nins. In Japanese older adults (age: 73.3+1.7 years), intake
of anthocyanin-rich blackcurrant reduced central arterial
stiffness and blood pressure (Okamoto et al. 2020). In addi-
tion, in Caucasian women and men (age: 29 £ 8 years), intake
of anthocyanin-rich blackcurrant reduced post-exercise
blood pressure (Cook et al. 2025). A study in South Asian
men showed that there was reduced flow-mediated vasodi-
lation (Cubbon et al. 2010). We do not know whether walk-
ing-induced vasodilation was blunted in Southeast Asian
women, but it is encouraging that at least 50% of the partici-
pants showed responsiveness to the intake of anthocyanin-
rich blackcurrant indicating endothelial function alterations.
It is also worth noting that the systemic vascular resistance
was lower by 10% during treadmill walking in Southeast
Asian men with intake of blackcurrant (placebo: 779+267;
NZBC extract: 697+245 dyn-s-cm>; p=0.048) (Willems
et al. 2018). Future work should examine whether a larger
response rate for changes in systemic vascular resistance is
possible in Southeast Asian women with dosing strategies
with longer intake duration or larger doses.

Several limitations should be acknowledged. Menstrual
cycle phase and use of contraceptives were not recorded,;
thus, hormonal variability and potential effects of contra-
ceptive use cannot be excluded, despite scheduling visits
within the same phase of the menstrual cycle. The labora-
tory temperature of 27.5+0.9 °C may also have influenced
the variation in cardiovascular and metabolic responses,
but conditions were identical across trials. Dietary intake
and caffeine consumption were controlled through partici-
pant instructions and self-reported records. Still, variability
in dietary intake may have contributed to inter-individual
differences. Given the modest sample size, stratification or
statistical adjustment for body composition was not fea-
sible; although total body fat percentage was measured,
visceral and subcutaneous adipose tissue depots were not
distinguished, and potential influences of adiposity patterns
on responsiveness for systemic vascular resistance cannot

@ Springer



European Journal of Applied Physiology

be excluded. Finally, bioavailability of anthocyanins and
metabolites was not assessed, leaving uncertainty about the
relationship between intake and systemic exposure. From
a practical perspective, our findings highlight the impor-
tance of not generalizing supplementation outcomes from
Caucasian to Asian populations. While anthocyanin-rich
blackcurrant extract may support vascular responses in
some Southeast Asian women, the lack of consistent meta-
bolic benefits suggests that personalized approaches, taking
into account ethnicity, sex, and metabolic phenotype, may
be required before recommending anthocyanins for perfor-
mance or health applications.

It is concluded that Southeast Asian women can show
responsiveness during moderate-intensity exercise to the
intake of anthocyanin-rich blackcurrant with lowering of
the systemic vascular resistance indicating enhanced whole-
body exercise-induced vasodilation. This beneficial antho-
cyanin-induced cardiovascular response was not associated
with any other physiological, metabolic and cardiovascular
responses at rest and during moderate-intensity treadmill
walking. Future work is required to optimize dosing strat-
egies for intake of blackcurrant anthocyanins in individu-
als with different ethnicities and have experimental designs
with comparative groups to examine cardiovascular and
metabolic responses that can be indicative of health benefits.
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