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ABSTRACT

Previous observations demonstrate New Zealand blackcurrant (NZBC) extract to alter
cardiovascular responses at rest without prior exercise. However, the prolonged
effects of NZBC on blood pressure and heart rate variability (HRV) following
exercise are not known. Participants (n15 [5 women], age:31+9 yrs, VO, ax: 44£9
mL-kg!'min!) undertook a control condition of 2-hours of laying supine rest.
Subsequently, in a double-blind, placebo controlled, randomised cross-over design
participants completed 1-hour of treadmill exercise at 50% VO,,.x followed by 2-
hour supine rest with blood pressure and HRV measurement following a 7-day intake
of NZBC and placebo (PLA). With NZBC, there was an increase in average fat
oxidation (NZBC: 0.24+0.11 vs. PLA: 0.17+0.11 g'min’!, P=0.005), and larger high
frequency relative power during the exercise (P=0.037). In the 2-hour rest period,
delta change for systolic pressure was larger with NZBC than placebo (Control vs
NZBC: -5.6+6.4, Control vs PLA: -3.5+6.0 mmHg, P=0.033), but was not different
for diastolic or mean arterial pressure. There were no alterations in HRV variabilities
during the 2-hours following the exercise with NZBC. A 7-day intake of NZBC
causes a larger post-exercise hypotension response in young, physically active men

and women following 1-hour of treadmill exercise at 50% VO, ax.

KEYWORDS: New Zealand blackcurrant; anthocyanins; post exercise hypotension;

heart rate variability; fat oxidation
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Abbreviations:

DBP Diastolic blood pressure

HRYV Heart Rate Variability

MAP Mean arterial pressure

NZBC New Zealand Blackcurrant

PL Placebo

PPAR Peroxisome-proliferator activated receptor
RER Respiratory Exchange Ratio

SBP Systolic blood pressure

VO,m.x maximal rate of oxygen uptake

vVOonax Velocity at rate of oxygen uptake

INTRODUCTION

Intake of New Zealand blackcurrant extract (NZBC) has been shown to increase
exercise performance (Cook et al. 2019; Braakhuis et al. 2020; Willems and Blacker
2022) and influence cardiovascular responses before (Willems et al. 2015; Cook et al.
2017a) and during exercise (Cook et al. 2017; Cook et al. 2021). Underpinning
mechanisms are likely a combination of vasodilation (Cook et al. 2017b; Cook et al.
2021), blood flow (Matsumoto et al. 2005) and increased endothelial nitric oxide
synthase (Xu et al. 2004) linked to the antioxidant and anti-inflammatory properties of

anthocyanins (Special et al. 2014) and metabolites (Keane et al. 2016).

Willems et al (2015) and Cook et al (2017a) demonstrated NZBC increased cardiac
output and decreased total peripheral resistance at rest without prior exercise in

trained individuals. Blackcurrant anthocyanins has also been observed to influence
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cardiovascular function during exercise. For example, Matsumoto et al. (2005)
observed oxygenated haemoglobin in the trapezius to be higher with 2-weeks intake
of blackcurrant compared to a placebo during 30-minutes of typing. In addition,
maximal voluntary contractions (MVC) of the trapezius performed 3-minutes
following the typing, total haemoglobin was also higher. Furthermore, Cook et al.
(2017b) observed a 7-day intake of NZBC increased femoral artery diameter during a
120-second isometric contraction at 30% MVC of the knee extensors, with a
concomitant decrease in systolic, diastolic and mean atrial blood pressure. Further
observations demonstrate that the increased femoral artery diameter during the
isometric contraction following NZBC is dependent upon intake duration, with no

change from 1-day, but an increase following 4 and 7-days (Cook et al. 2021).

Short-duration, localised cardiovascular effects following exercise with NZBC have
also been demonstrated. Following a 7-day intake in rock climbers, Fryer et al. (2020)
had participants complete 10 handgrip contractions at ~10% before a tourniquet
occlusion of the brachial artery. The study observed a 37% reduction in oxygen half-
time recovery in the flexor digitorum profundus demonstrating enhanced oxidative

capacity.

All these alterations in cardiovascular function, blood flow or oxidative capacity
following NZBC intake have been made a few minutes during or following exercise.
To the authors knowledge there have been no moderate duration measurements of

cardiovascular responses following exercise with NZBC.
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Exercise is associated reducing resting blood pressure. The duration and intensity of
exercise are important for eliciting prolonged cardiovascular responses following
exercise. For example, post-exercise hypotension (PEH) is clinically important due to
magnitude of change occurring, with mean systolic and diastolic pressures decreases
of 5 and 3 mmHg, respectively, lasting up to 24 hours (Carpio-Rivera et al. 2016). It
is caused by multiple physiological responses, including decreased peripheral
resistance, sympathetic activity, stroke volume and beta-androgenic receptors and
endothelial modulation (Perrier-Melo et al. 2021). It is possible that the influence of
NZBC induced vasodilation and blood flow would increase PEH. For example,
anthocyanin metabolites have been shown to influence vasoactive properties on
vascular smooth cells (Keane et al. 2016) and cause endothelium-dependent

relaxation of arteries (Bell et al. 2006).

Heart rate variability (HRV) provides non-invasive analysis on the autonomic
influences on the heart. The autonomic nervous system and the relationship between
sympathetic and parasympathetic branches and their subsequent contributions to
cardiac regulation following exercise with NZBC remain unknown. As sympathetic
activity is one mechanism of PEH, it is possible that alterations in blood pressure post
exercise by NZBC could be explained by HRV changes. Furthermore, anthocyanins
may attenuate cardiovascular disease risk through the mechanisms of regulation of
nuclear receptor peroxisome proliferator-activated receptor gamma (Scazzocchio et
al. 2011), modulation of nuclear factor-kB (NF-kb) (Stefano et al. 2015) and reducing
thrombotic risk (Santhakumar et al. 2013). In turn, there may also be effects of

anthocyanins on HRV due to cardiac sympathovagal balance shift toward
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99  parasympathetic activity due to anthocyanin effects upon the microbiome-gut-brain
100  axis (Zong et al. 2023).
101
102 To the authors knowledge there have been no studies examining the prolonged
103 cardiovascular responses following exercise with supplementation of NZBC.
104  Therefore, this study aimed to examine the blood pressure and HRV responses in
105  physically active men and women following 1-hour of moderate intensity treadmill
106  exercise following NZBC intake. It was hypothesized that there would be a larger
107  decrease in post-exercise blood pressure following intake of NZBC.
108
109 METHODS
110 Study
111 The study was approved by the University of Worcester College of Business,
112 Psychology and Sport Research ethics panel (CBPS2122007), with procedures
113 conducted in accordance with the ethical principles outlined by the Declaration of
114  Helsinki (World Medical Association, 2013).
115  Participants
116  Fifteen physically active normotensive participants (5 women) volunteered and
117  provided written informed consent, with characteristics presented in Table 1.
118  Participants were health screened and were not smokers or used dietary supplements.
119  Experimental Design
120 A double blind, placebo controlled, crossover design was used, with participants
121  visiting the air-conditioned laboratory (20°C) four times, at the same time of day.
122 Participants abstained from strenuous exercise for 48-hours, alcohol 24-hours before

123 and products containing caffeine on the testing visit days.
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During visit one, participants underwent screening and had their height (Harpenden
Wall Mounted Stadiometer, UK), body mass (Sartorius scales) and blood pressure
(Omron M5-I, Omron Healthcare Ltd, Milton Keynes, UK) measured (Table 1).
Subsequently, participants completed an incremental treadmill (HP COSMOS,
Groningen, Netherlands) protocol to 11 km-h! with expired gas measurement to
determine the linear relationship between running speed and VO,. Participants then
completed another incremental intensity treadmill protocol to volitional exhaustion to
calculate VO,,,x. After 20-minutes rest, participants performed a verification square
wave protocol, whereby an additional 10% speed added the velocity at VO,pax
(VVOymax). Participants ran at this speed for as long as they could with continuous
expired gas measurement (Poole and Jones 2017).

In the second visit (control condition), participants rested on a massage plinth for 120-
minutes with automated blood pressure measurement on the right arm every 15-
minutes.

Visits three and four were proceeded by taking two 300 mg NZBC (CurraNZ®,
Health Currancy Ltd., Surrey, UK) or placebo (microcrystalline cellulose M102)
identical capsules for 6-days prior. For the 6-days, participants consumed one capsule
in the morning, and one in the evening, both times with food. On the day of testing
(i.e., day-7), participants were instructed to consume both capsules together, 2-hours
before arriving at the laboratory in the morning. Each NZBC capsule contained 105
mg of anthocyanins. Following randomisation, eight participants received the NZBC
condition on visit three. During the debrief of visit four, six participants correctly
guessed what experimental condition order they received (40%). There was a 14-day

washout between the experimental conditions.

Human Kinetics, 1607 N Market St, Champaign, IL 61825



Page 7 of 35

148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170

171

International Journal of Sport Nutrition and Exercise Metabolism

During visits three and four, participants exercised on a treadmill for 60-minutes at
50% VO,max With continuous measurement of expired gases (Cortex Metalyzer 3B,
Biophysik GmbH, Walter-K6hn-Str. 2d 04356, Leipzig, Germany) and analysis every
5-minutes by averaging the last 60s of breath-by-beath data. Carbohydrate and fat
oxidation were calculated using the stoichiometric equations by Jeukendrup and
Wallis (2005). Rating of perceived exertion (RPE — Borg 6-20) was measured every
15-minutes. Following the exercise, participants rested on a massage plinth for 120-
minutes, with measurement of expired gases for the first 30-minutes and blood
pressure every 15-minutes. Participants consumed water ad libitum.

Incremental Intensity Walking and Running for Oxygen-speed Relationship

The incremental intensity treadmill protocol in visit one determined the relationship
between oxygen uptake and speed. Participants completed 4-minute stages starting at
5 km-h-! and increased by 1 km-h-! until the treadmill reached 11 km-h! with a 1%
incline. Expired gases were averaged for the last 60-seconds of each stage and
alongside the VO, .x and VO, .y , the running speed eliciting 50% VO,,,.x Was

calculated using linear regression.

Maximal Intensity Treadmill Protocol and Verification of VO34

The test commenced at 7 km-h! for women and 8 km-h! for men and increased by 1
km-h! every minute until volitional exhaustion. The square wave verification
protocol commenced with a 2-minute period at 7 km-h! and then abruptly increased
to 110% vVO,max. Participants had no temporal feedback during the protocols but
were verbally encouraged. A 15-breath average was used for the highest VO, obtained

in both protocols, with the verification stage used to confirm no increase in VO,,
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despite a higher intensity. There was no increase in VO, obtained in 14 participants in

the verification stage (step: 44+9 vs. verification: 42+8 mL-kg-!-min’!, P=0.011).

Blood Pressure

Blood pressure was measured in accordance with methods from the British
Hypertension Society. Briefly, participants rested awake, breathing normally without
the use of music, books, or electronic devices on a massage plinth with the back rest
angled to 45°. The cuff was placed around the upper arm approximately 2 cm above
the brachial artery and the artery indicator aligned. Two measurements were taken,
and the lowest systolic (SBP) and diastolic (DBP) pressure recorded. Mean arterial
pressure (MAP) was calculated by:

MAP = DBP+[(SBP-DBP)+3]

Heart Rate Variability

HRYV during exercise and was recorded continuously using Actiheart 4 (CamNtech Ltd,
Cambridgeshire, UK) and analysed on computer software Kubios HRV Standard 3.4.0
(Kubios Oy, Kuopio, Finland). During the 60-minute exercise in visits three and four,
HRYV was determined from 0-5, 10-15, 25-30, 40-45, and 55-60 minutes. For the 120-
minute rest, HRV was determined from 0-5, 10-15, 25-30, 40-45, 55-60, 70-75, 85-90,
100-105, and 115-120 minutes to avoid the blood pressure measurement.

The HRV included time-domain variables, frequency-domain variables, and overview
variables. The time-domain parameters were the SD of normal N-N intervals (SDNN)
and the root mean square difference of successive normal R-R intervals (RMSSD).
Frequency-domain parameters were the absolute and relative power of High Frequency
(HF, 0.15-0.40Hz) and Low Frequency (LF, 0.04-0.15Hz) band (APHF, RPHF, APLF,

RPLF), Total Power (TP) and the ratio of LF to HF (LF/HF). PNS Index, SNS Index,

Human Kinetics, 1607 N Market St, Champaign, IL 61825
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and Stress Index were the overview variables analyzed. Beat correction was set to the
medium threshold to filter the ectopic beats. Fast Fourier transformation-based Welch’s

periodogram was performed to calculate the HRV power spectrum.

Statistical Analysis

Statistical analysis was conducted using SPSS 27.0 (IBM SPSS Statistics, Armonk,
NY: IBM Corp) and GraphPad 9.4.1 (GraphPad Software, San Diego, CA). Data
normality was assessed using Kolmogorov-Smirnov test. Variables were analysed for
condition (i.e., NZBC vs. PLA vs. Control), time and interaction effects by a two-way
repeated measures ANOVA. Repeated measurements were checked for sphericity
using Mauchly's test and if sphericity was violated, Greenhouse-Geisser correction
applied. Where differences occurred, subsequent pairwise post hoc comparisons were
undertaken. Natural logarithm transformation (Ln) was performed on skewed
distributed HRV variables before analysis. Delta change (A) for the 120-minute
average blood pressure changes was also calculated for NZBC and PLA against the
control condition. Cohen’s d effect sizes were calculated (Cohen 1998) with an effect
size of <0.2 reported as trivial, 0.2-0.49 as small, 0.5-0.69 as moderate and >0.8 as

large. Data is presented as mean + standard deviation.

RESULTS

Metabolic Responses during Exercise and Recovery

Data is analysed from n14 due to loss of signal of one participant. Participants
exercised on the treadmill at 6.9+1.1 km-h-!'. During exercise there was no time,
condition, or interaction effects for absolute and relative VO, relative intensity,

economy, VCO, and heart rate (P>0.05). Minute ventilation demonstrated a time

Human Kinetics, 1607 N Market St, Champaign, IL 61825
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effect (P<0.001), with no condition or interaction effects (Table 2). RPE demonstrated

a time effect (P<0.001), with no condition or interaction effect.

Fat oxidation during exercise demonstrated a time (P=0.003) and condition effect
(P=0.005) with no interaction effect (P=0.755). Pairwise comparisons indicate
differences at 5, (P=0.050, d=0.46), 10 (P=0.008, d=0.81) 15 (P=0.019, d=0.82), 20
(P=0.001, d=0.84), 25 (P=0.032, d=0.56), 30 (P=0.007, d=0.64), 35 (P=0.004,
d=0.63), 55 (P=0.048 d=0.68) and 60 (P=0.044, d=0.50) minutes where fat oxidation
was higher with NZBC. In addition, average fat oxidation for the 60-minutes was
higher with NZBC (NZBC: 0.24+0.11 vs. PLA: 0.17+0.11 g'min’!, P=0.005, d=0.67),
with 713 demonstrating an increase. Carbohydrate oxidation also demonstrated a time
(P=0.002) and condition effect, (P=0.028), with no interaction effect (P=0.882).
Pairwise comparisons indicated carbohydrate oxidation with NZBC was lower at 20
(P=0.008, d=0.34) and 45 minutes (P=0.030, d=0.29). Average carbohydrate
oxidation was lower with NZBC (NZBC: 1.39+0.42 vs. PLA: 1.50+0.48 g'min™',
P=0.027, d=0.25). Correspondingly, RER demonstrated a time (P<0.001) and
condition effect (P<0.001) but no interaction effect (P=0.134). The pairwise
comparisons indicate differences at 5 (P=0.029, d=0.65), 10 (P=0.042, d=0.69), 15
(P=0.048, d=0.71), 20 (P=0.027, d=0.75), 25 (P=0.003, d=0.89), 30 (P=0.029,
d=0.45), 35 (P=0.004, d=0.76) 50 (P=0.007, d=0.013) and 60 minutes (P<0.001,

d=0.74) (Table 2).

During the 30-minute recovery, there was no condition or interaction effects (P>0.05)
for absolute and relative VO,, VCO,, heart rate, minute ventilation, RER, fat

oxidation, carbohydrate oxidation and energy expenditure (Supplemental Table 1).
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Time effects were observed for absolute VO, (P=0.001), relative VO, (P=0.002),
VCO, (P<0.001), heart rate (P<0.001), RER (P<0.001), minute ventilation (P<0.001),

fat oxidation (P<0.001) and carbohydrate oxidation (P<0.001).

Recovery Blood Pressure Responses

Resting before the exercise there was no differences between conditions for SBP
(Control:113+11, NZBC: 115+13, PLA: 11712 mmHg, P>0.05), DBP (Control:
69+7, NZBC: 7245, PLA: 7146 mmHg, P>0.05) and MAP (Control: 84+7, NZBC:

86+6, PLA: 87+6 mmHg, P>0.05).

For the 120-minute blood pressure measurements, systolic blood pressure demonstrated
a time (P=0.002), condition (P=0.002) and interaction effect (P=0.040). At 60-minutes,
control was different to NZBC (P<0.001, d=0.62) and placebo (P=0.030, d=0.26), with
NZBC also lower than placebo (P<0.001, d=0.34). At 75-minutes, control was different
to NZBC (P<0.001, d=0.66) and placebo (P=0.033, d=0.47). At 90-minutes, control
was different to NZBC (P<0.001, d=0.94). At 105-minutes, control was different to
NZBC (P=0.002, d=0.79) and placebo (P<0.001, d=0.69). At 120-minutes, control was
different to NZBC (P=0.010, d=0.63). Delta change for systolic pressure was larger
following NZBC than placebo (Control vs NZBC: -5.6+6.4, Control vs PLA: -3.5+6.0

mmHg, P=0.033, ¢=0.34,).

Diastolic blood pressure was not different for the conditions (P>0.05) but was different
across time (P=0.008) with no interaction effect (P>0.05). There was also no difference
in delta change for diastolic pressure (Control vs NZBC: -1.6£5.1, Control vs PLA: -

0.3£7.0 mmHg, P=0.119). Mean arterial pressure demonstrated no condition effect

Human Kinetics, 1607 N Market St, Champaign, IL 61825
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(P>0.05) but did have a time effect (P<0.001) and an interaction effect (P=0.043). At
75-minutes, there a was a difference between the conditions (P=0.017), with NZBC
lower than the control condition (P=0.010, @=0.57) and the placebo (P=0.044, d=0.36).
At 90-minutes there a was a difference between the conditions (P=0.022) with NZBC
lower than the control (P=0.007, d=0.69). At 120-minutes there was a strong trend for
a difference between the conditions (P=0.054), with NZBC lower than control
(P=0.039, d=0.58). Delta change had a trend to be different between the conditions

(Control vs NZBC: -2.7+4.6, Control vs PLA: -0.9+5.7 mmHg, P=0.052, d=0.36).

Heart Rate Variability

During exercise high frequency relative power was different between NZBC and

placebo (Table 3) (P=0.037), with high frequency relative power larger following
NZBC than PLA at 40-45 minutes (P=0.030, d=1.10). There were responses over
time for all variables, (P<0.05), however, there was no interactions (P>0.05).

Analysed data is from n10 due to signal loss from five participants.

During the recovery period, there was a time response for all the HRV variables
(P<0.05), except the low frequency relative power (P=0.217) (Supplemental Table 2).
There was no effect condition or interaction effects or for all frequency-domain, time-
domain, and overview variables (P>0.05). Analysed data is from n10 due to signal

loss from four participants.

DISCUSSION
This study observed that blood pressure decrements after 60-minutes of treadmill

exercise at 50% VO,.x were larger following 7-days of intake of New Zealand

Human Kinetics, 1607 N Market St, Champaign, IL 61825
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Blackcurrant extract in comparison to placebo in healthy, physically active men and
women. This was also observed alongside an increase in fat oxidation and decrease in

carbohydrate oxidation during the 60-minutes of exercise.

Fat Oxidation

The increase in fat oxidation during exercise following NZBC in the present study
supports previous observations (Cook et al. 2015; Cook et al. 2017c; Stauss et al.
2018; Hiles et al. 2020; Sahin et al. 2021; Sahin et al. 2022; Willems et al. 2022). This
study observed an increase in the average fat oxidation of 0.07 g-min‘! following
NZBC which is similar in absolute increases found by Hiles et al. (2020) of 0.12
g.min!, Cook et al. (2015) 0.05 g.min"! and Cook et al. (2017) 0.11 g.min"!. The
increase in fat oxidation observed in this study was completed in untrained men and
women during treadmill exercise at 50% VO;nax and builds upon previous
observations that have used trained individuals, where there would be expected
adaptations to increase fat oxidation during exercise. The mechanisms for the altered
substrate utilisation are not fully known, however, it is possible the blackcurrant
anthocyanins may have effects upon fat metabolism. For example, blackcurrant
anthocyanins have been shown to increase mRNA of genes involved with energy
expenditure including peroxisome proliferator-activated receptor alpha (PPAR) in

C57BL/6J mice (Benn et al. 2014).

The increase in fat oxidation within this study is a strength as it replicates previous
findings and demonstrates that the observations of altered blood pressure post-
exercise are also likely a result of the NZBC. Furthermore, this study also adds novel

metabolic observations during the 30-minutes following exercise. Interestingly, the

Human Kinetics, 1607 N Market St, Champaign, IL 61825
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metabolic changes observed during exercise with NZBC is not continued during the
immediate recovery. The relative VO, and RER demonstrated time responses within
the 30-minute recovery, with both decreasing following the exercise. This is similar to
Kuo et al. (2005); however, they demonstrated that the downward trend for RER
plateaus at 60-180 minutes following moderate intensity exercise with values lower
than before the exercise. Therefore, it is possible that changes with NZBC may be
observed at a later duration, rather than during the first 30-minutes of recovery. A
limitation to the present study is also that pre-exercise RER was not measured, as a

result, the pre to post exercise comparisons in RER and fat oxidation cannot be made.

Blood Pressure Responses and Heart Rate Variability

To the authors knowledge, this is the first study to demonstrate a larger decrease in
blood pressure with NZBC in comparison to placebo following exercise. It also
supports previous observations of alterations in cardiovascular function with NZBC

(Willems et al. 2015; Cook et al. 2017a).

A key consideration when interpreting the findings from this study is that
comparisons of post exercise blood pressure were compared to a control condition of
no exercise (Figure 1). With the blood pressure measurements following exercise in
the NZBC and placebo conditions, there are lots of degrees of freedom, but also
comparisons under different conditions, such as rest without prior exercise and rest
following exercise. Including a control condition is a strength as it indicates the
exercise was sufficient to elicit post exercise hypotension. Furthermore, it also
demonstrates that NZBC increases the extent of post-exercise hypotension beyond the

post-exercise hypotension observed following the placebo.
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This study measured resting blood pressure in all visits, with the placebo and NZBC
measurement made before the exercise. This is another strength as it provided
refamiliarisation and also demonstrated that there was no difference in resting blood
pressure between the conditions. This was an important measure as post-exercise
blood pressure is influenced by the pre-exercise value, where an inflated pre-value
could overestimate the extent of post-exercise hypotension (Carpio-Rivera et al.

2016). Therefore, this gives further demonstration of post-exercise hypotension.

In the present study, NZBC decreased systolic blood pressure by 5.6 mmHg in the 2-
hours following exercise. This is clinically relevant because a reduction of 3 mmHg in
systolic pressure is associated with a 5% reduction in mortality due to cardiovascular
disease (Whelton et al. 2002). Furthermore, it is similar to the 5.3 mmHg systolic
pressure decrease observed 6-hours following moderate-intensity aerobic exercise in

obese individuals by de Lima Bezerra et al (2019) following beetroot juice intake.

Future research should examine the post-exercise hypotension response with NZBC
to identify mechanisms for the response. In vitro studies have demonstrated that the
anthocyanin cyanidin-3-glucoside can increase the gene expression of nitric oxide
synthase (Xu et al. 2004) and enter vascular endothelia smooth cells (Ziberna et al.
2012). In addition, using anthocyanin metabolites in vitro have also shown migration
of vascular smooth cells (Keane et al. 2016). Therefore, it is possible that the
anthocyanins from the NZBC increased nitric oxide availability and it turn,

vasorelaxation of peripheral arteries.
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The observations from the HRV, however, do not indicate blood pressure changes
were caused by alterations in cardiovascular activity (Table 5). To the authors
knowledge, this is the first study to measure HRV following NZBC intake. This was
completed during exercise and immediately post at rest, and this study found high
frequency relative power during exercise with NZBC was larger (Table 3), and low
frequency relative power not to change over time during recovery, regardless of
condition (Supplement Table 2). Changes in the high frequency band during exercise
would suggest alterations in the parasympathetic nervous system. The increase in this
study could not solely be interpreted by the increased activation of the
parasympathetic nervous system as it can also be influenced by respiratory behaviour
(Bae et al. 2021). Furthermore, this study did not observe any changes in RMSSD
alongside the high frequency changes, which would have suggested a vagally
mediated change in HRV (Shaffer et al. 2017). Future studies should therefore

examine the relationship of NZBC, breathing frequency and HR'V.

Limitations

Recovery was performed in a seated position on a massage plinth, which is an
uncommon method to recover from exercise. Therefore, future research is needed to
examine the effects of NZBC on post-exercise hypotension in free-living conditions.
Furthermore, blood pressure was recorded in this study for 120-minutes following the
exercise and the longer-term effects are not known. For example, reductions in blood
pressure have been observed 12.7 hours following exercise in hypertensive
individuals (Pescatello et al. 1991) and it is not known if the effects of NZBC on post-
exercise hypotension extend to this duration. Furthermore, future experiments

examining cardiovascular responses with NZBC should use dietary control, because it
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cannot be ruled out that alterations in nitrate (Bailey et al. 2009) or sodium intake

influenced blood pressure (Huang et al. 2020).

Conclusions

A 7-day intake of New Zealand Blackcurrant extract increased post-exercise
hypotension in comparison to a placebo in the 120-minutes following 60-minutes of
treadmill exercise at 50% VO, .« in physically active men and women. There was also
an increase in fat oxidation and decrease in carbohydrate oxidation rate during the
exercise, however there was no effect in the immediate 30-minute recovery. There
was larger high frequency relative power during exercise with New Zealand

Blackcurrant but no effect upon heart rate variability during the recovery.
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Figure 1 A Systolic, B Diastolic, C Mean Arterial Pressure in the control condition of
no exercise and 120-minutes following exercise with NZBC or placebo. Data
presented as mean+SD. *Control different to NZBC;  Control different to placebo; #

NZBC different to placebo.

Table 1. Participant characteristics

Table 2. Volume of oxygen uptake and carbon dioxide produced, relative intensity,
heart rate, economy, minute ventilation, carbohydrate, and fat oxidation during 60-
minutes of treadmill exercise following placebo and New Zealand Blackcurrant

extract.

Table 3. Heart rate variability during 60-minutes of treadmill exercise following

placebo and New Zealand Blackcurrant extract.
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Supplement Table 1. Volume of oxygen uptake and carbon dioxide produced, heart
rate, minute ventilation, carbohydrate, and fat oxidation during 30-minutes of rest
immediately following 60-minutes of treadmill exercise with placebo and New

Zealand Blackcurrant extract.

Supplement Table 2. Heart rate variability during 120-minutes of rest immediately

following 60-minutes of treadmill exercise with placebo and New Zealand

Blackcurrant extract.
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Table 1. Participant characteristics

Age (years)

Height (cm)

Body mass (kg)

VOsmax (ML-kg™!-min-!)
VOjmax (L-mint)
vVOamax (km-h')
RER s (AU)

HR nax

Resting Systolic Pressure (mmHg)
Resting Diastolic Pressure (mmHg)
Resting Mean Arterial Pressure (mmHg)

Resting Rate Pressure Product

319
172410
69+13
449
3.08+0.84
1543
1.20+0.08
178+11
117413
7148
8649
7.03+1.26

Date reported as mean+SD from 15 participants. VO, maximal oxygen uptake, vVOouax:

running speed on treadmill at maximal oxygen uptake, RER,,s: Maximum Respiratory

Exchange Ratio, HR ,,x. maximum heart rate, AU: arbitrary units.
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Table 2. Volume of oxygen uptake and carbon dioxide produced, relative intensity, heart rate, running economy, minute ventilation,
carbohydrate, and fat oxidation during 60-minutes of treadmill exercise following placebo and New Zealand Blackcurrant extract.

Time (min)

5 10 15 20 25 30 35 40 45 50 55 60
VO, (L-min‘t)
NZBC 1.56+0.45 1.56+0.46 1.56+0.44 1.55+0.43 1.57+0.45 1.57+0.44 1.57£0.44 1.58+0.46 1.56+0.48 1.58+0.44 1.56+0.44 1.56+0.38
Placebo  1.47+0.41 1.49+0.36 1.53+0.38 1.494+0.39 1.49+0.43 1.51+0.42 1.52+0.42 1.53+0.41 1.55+0.38 1.52+0.38 1.54+0.38  01.56+0.38
VO, (mL-kg!*min")
NZBC 22.74£5.0 22.6+5.3 22.7+4.9 22.544.8 22.9+5.1 23.1+£5.3 22.9+4.9 229452 22.6+5.3 22.9+4.9 22.6+4.8 22.6+4.7
Placebo 21.54£5.1 21.744.5 22.4+4.6 21.8+4.8 21.6+4.9 22.14£5.0 22.3+5.1 22.4+5.2 22.5+4.6 22.3+4.9 22.5+4.6 22.8+4.8
VCO, (L'min™)
NZBC 1.44+0.42 1.45+0.44 1.47+0.43 1.45+0.43 1.46+0.43 1.45+0.41 1.44+4040 1.44+£041 1.42+043 1.44+0.40 1.42+0.40 1.41+0.40
Placebo  1.36+0.42 1.414+0.35 1.454+0.43 1.40+0.37 1.39+0.41 1.40+0.40 1.41+£0.38  1.41+0.37 1.41+0.36 1.39+0.34 1.41+0.35 1.40+0.34
Relative intensity (% VOamax)
NZBC 49.3+4.2 49.1+2.7 49.4+3.1 48.9+4.1 49.7+3.9 50.24+3.7 49.7+£3.6 49.8+3.9 49.1+£3.8 49.8+4.0 492438 49.1+£3.1
Placebo  46.7+3.9 47.3+2.6 48.6+4.1 47.3+4.0 47.0+£3.8 48.0+£3.6 48.4+£3.9 48.7+£3.2 48.9+4.1 48.4+4.1 49.0+3.7 49.5+3.2
Heart Rate (beats-min’!)
NZBC 123+15 124414 124+16 124+16 127+18 128+17 1304+20 131421 131421 132421 133+21 132422
Placebo 123+19 125+16 12616 12616 127+£16 12716 128+16 129+16 130+17 131+18 132+18 132+19
Economy (mL-kg!-km!)
NZBC 18140 181+42 182+39 180+39 183+41 185+42 183+40 183+42 181+42 183+37 181+38 181+38
Placebo 171+41 174442 179+37 174438 173+39 177+42 178+41 179+39 180+37 180+37 180+38 182+38
VE (L'min")
NZBC 42.0+£11.0  44.0£12.6  42.7£10.0 44.0+12.2 458+12.7 459+13.1 4594+12.0 45.9+13.5 45.6+13.5 46.4+12.6 46.5£12.7 46.2+12.8
Placebo 42.2+11.4 43.4+10.6 45.0£10.6 44.6£104 44.6+12.5 454+12.0 45.5+11.5 45.5+11.5 45.1£11.4 454+11.1 458+114 46.5+11.6
Carbohydrate Oxidation (g-min™") T #
NZBC 1.31+0.44 1.504+0.52 1.52+40.44  1.42+0.43" 1.44+0.45 1.41+0.55 1.41£0.52 1.37+£0.45 1.33£0.44" 1.35+0.39 1.34+0.42 1.25+0.35
Placebo 1.41+0.44  0.56+0.50 1.62+0.54 15.8+0.52 1.57+0.61 1.50+0.50 1.50+0.44 1.4840.49 1.47+0.51 1.454+0.49 1.44+0.50 1.43+0.52
Fat Oxidation (g-min") T, #
NZBC 0.224+0.11*  0.20+£0.10" 0.21£0.10"  0.20+£0.08" 0.21£0.10" 0.23+0.11*  0.24+0.12* 0.26+0.15 0.27+0.14  0.28+0.20 0.30+£0.16" 0.30+0.19*
Placebo  0.17+0.13  0.11+0.10  0.20+0.08  0.13+0.10  0.15+0.11 0.16£0.09  0.17+0.11  0.20+0.12  0.20+0.13  0.20+0.14  0.20+0.13 0.22+0.12
RER (AU) - #
NZBC 0.91£0.04"  0.92+0.04" 0.93£0.04" 0.92+0.05" 0.92+£0.03" 0.92+0.04 0.91+£0.03* 0.92+0.04 0.92+0.04 0.91+£0.04* 0.91£0.04 0.88+0.04"
Placebo  0.93+0.04  0.95+0.03  0.96+0.05 0.95+0.04 0.95+0.04 0.93+0.04 0.94+0.04 0.92+0.04 0.91+0.04 0.93+0.04 0.91+0.04 0.91+0.05

Human Kinetics, 1607 N Market St, Champaign, IL 61825



International Journal of Sport Nutrition and Exercise Metabolism Page 28 of 35

All measures were collected following 7-days of supplementation with NZBC extract or placebo during treadmill exercise. Data reported as
mean+SD from 14 participants, fsignificant effect for time (P<0.05); # significant effect for condition (P<0.05); *denotes (P<0.05) NZBC vs.
placebo. AU: arbitrary units.
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Table 3. Heart rate variability during 60-minutes of treadmill exercise following placebo and New Zealand Blackcurrant extract.

Time (min)
0-5 10-15 25-30 40-45 55-60 ANOVA (P)
Frequency Domain Condition Time Interaction
Low Frequency Relative Power (%)
NZBC 42.95+14.77 51.84+20.59 55.12+19.24 55.46+18.85 56.38+24.06 0.175 0.003 0.779
Placebo 45.18+15.39 64.62+13.86 63.13£8.59 65.27+13.48 60.53£19.7
Low Frequency (Ln)
NZBC 5.6x1.71 4.24+1.39 3.1x1.35 2.87+1.25 2.71£1.43
Placebo 5.24+1.48 3.89+1.77 2.98+1.36 2.81+1.48 2.65+1.23 0.636 0-000 0912
High Frequency Relative Power (%)
NZBC 52.85+16.19 40.94423.15 34.38+21.64 35.3420.44* 32.79+24 0.037 0.000 0.702
Placebo 46.26+17.51 25.08+13.44 20.63+11.45 17.81£11.39 26.47+20.43 ' ' '
High Frequency (Ln)
NZBC 5.91£1.95 4.05+£2.18 2.72£1.78 2.27+1.36 1.87+1.36
Placebo 5.37+1.7 3£2.11 1.92+1.63 1.64+1.43 1.58+1.21 0.212 0.000 0.848
Low/High Frequency (Ln)
NZBC -0.21+0.68 0.32+1.06 0.63+1.1 0.56+0.97 0.67+1.27
Placebo 0.01+0.79 1.03£0.7 1.26+0.71 1.45+0.75 0.98+1.19 0.063 0-000 0.643
Total Power (Ln)
NZBC 6.5+1.85 4.98+1.73 3.75+1.54 3.44+1.47 3.28+1.43
Placebo 6.08+1.62 4.35+1.86 3.42+1.39 3.25+1.43 3.08+1.24 0444 0-000 0.899
Time Domain
SDNN (ms)
NZBC 46.71£32.02 23.88+25.3 12.25+10.48 9.71+6.24 9+4.95
Placebo 39.53+28.45 15.35+18.8 8.43+5.13 8.08+5.13 7.18+4.27 0.341 0.000 0.783
RMSSD (ms)
NZBC 46.83+39.4 31.06+36.33 15.67+17.4 12.16+11.51 10.74+9.3 0328 0.000 0.811
Placebo 40.88+38.37 17.22425.96 8.2144.64 7.88+4.9 8.1+6.22 ) ) )
Overview
Parasympathetic nervous system index
NZBC -1.78+1.04 -2.6+1 -3.07+0.74 -3.24+0.54 -3.33+0.49
Placebo -1.81+0.92 -3.06+0.77 -3.254+0.49 -3.37+0.51 -3.424+0.61 0.465 0.000 0.659
Sympathetic nervous system index
NZBC 5.15+1.8 8.04+2.8 10.04+5.89 10.46+5.26 11.07+5.82
Placebo 4.734£2.06 8.61+2.55 11.14+6.74 11.96+6.58 12.78+7.13 0.627 0-000 0.872
Stress Index
NZBC 16.95+£10.48 31.2+16.59 40.92+25.31 42.02+22.01 44.27+24.63 0.489 0.000 0.735
Placebo 16.76+9.99 32.88+13.54 47.74+28.6 49.98+27.03 52.9+28.36 ) ) )
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All measures were collected following 7-days of supplementation with NZBC extract or placebo during treadmill exercise. Data reported as
mean+SD from 10 participants. SDNN; Standard Deviation of the NN intervals, RMSSD; square root of the mean of the sum of the squares of

differences between adjacent NN intervals. *different between placebo and NZBC (P<0.05).
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Supplement Table 1. Volume of oxygen uptake and carbon dioxide produced, heart rate, minute ventilation, carbohydrate, and fat oxidation
during 30-minutes of rest immediately following 60-minutes of treadmill exercise with placebo and New Zealand Blackcurrant extract.

Time (min)

Condition 5 10 15 20 25 30

VO, (L'min™) T
NZBC 0.32+0.07  0.3140.08  0.28£0.09  0.30+£0.08  0.29+0.06  0.28+0.07
Placcbo  0.39+0.10  0.31£0.07  0.30+0.07  0.2940.08  0.28£0.06  0.28%0.06

VO, (mL kg -min) ¥
NZBC 4694090  4.45+0.74  4.11%1.14 4324093  420+0.79  4.03£0.93
Placcbo  4.96+1.16  4.43+1.05 4.28£093  4.15£0.72  4.00£0.83  3.94+0.78

VCO, (L'min) T
NZBC 0.3140.07  0.28+0.08  0.25£0.08  0.26+0.07  0.25£0.05  0.24+0.06
Placebo  0.34+0.09  0.29+0.06 0.27+0.07  026£0.05  0.24+0.05  0.24+0.05

Heart Rate (beats-min’") T

NZBC 88+34 86+35 82434 8336 8336 80+36
Placebo 84420 8321 7920 8121 78422 75420
VE (L'min")

NZBC 13.63+£2.65 12.32+2.35 11.17£2.86 11.45+2.73 10.87+2.09 10.36+2.32
Placebo 15.254¢3.75  12.87+£2.78 12.12+£2.72 11.25+1.80 10.36+2.32 10.33+2.08

Carbohydrate Oxidation (g-min™) T
NZBC 0.37+0.09  0.28+£0.10  0.23+0.10  0.22+0.10  0.18+0.06  0.19+0.09
Placebo 0.40+0.12  0.29+£0.08  0.26+0.10  0.21£0.09  0.19+0.09  0.18+0.07

Fat Oxidation (g-min!) f
NZBC 0.02+0.02  0.05+0.03 0.05+0.02  0.07+0.03 0.07£0.02  0.06+0.06
Placebo 0.02+0.03 0.04+£0.02  0.05+0.03 0.07+0.04  0.06+0.03 0.07+0.03

RER (AU) T
NZBC 0.98+0.07  0.91+0.05  0.89+0.04  0.88+£0.05  0.85+0.03  0.87+0.02
Placecbo  0.97+0.07  0.93+0.06  0.91£0.07  0.87+0.09  0.87+0.07  0.86:0.06
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All measures were collected following 7-days of supplementation with NZBC extract or placebo during 30 minutes of rest following 60 minutes

treadmill exercise. Data reported as mean+SD from 14 participants, fsignificant effect for time (P<0.05).
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Supplement Table 2. Heart rate variability during 120-minutes of rest immediately following 60-minutes of treadmill exercise with placebo and
New Zealand Blackcurrant extract.

Time (min)
0-5 10-15 25-30 40-45 55-60 70-75 85-90 100-105 115-120 ANOVA (P)
Frequency Domain Condition Time Interaction
Low Frequency Relative Power (%)
NZBC 51.25+12.79 45.15+£13.43 44.84+17.43 52.19422.18 55.55+15.65 49.58+18.34 51.43£21.62 53.74+16.93 55.35+£16.89 0.764 0217 0224
Placebo 61.14+14.98 58.56+20.08 45.49+16.45 47.53+£20.58 54.59+19.39 51.21+18.64 49.79+16.06 53.14+15.34 55.81+19.18 ’ ’ ’
Low Frequency (Ln)
NZBC 6.28+0.88 6.55+0.78 6.98+0.9 7.08+0.87 7.16+0.92 7.02+1.01 6.96+0.97 7.29+0.67 7.37+0.51 0.970 0.000 0.667
Placebo 6.21£1.33 6.94+1.03 6.79£1.05 6.74+0.97 7.294+0.69 7.1940.69 7.11£0.8 7.36+0.43 7.47+0.73 ’ ’ ’
High Frequency Relative Power (%)
NZBC 40.9£13.61  49.59+14.15 49.72+19.49 40.56+23.66 34.12+16.55 41.02422.02 42.12424.38 32.68+17.83 36.56+17.43 0.803 0.007 0091
Placebo 29.27£14.39 35.28+19.21  47.6£19.65  42.69+22.9  38.36+20.24 36.61+£22.84 42.99+16.28 38.04+17.14 37.73+£20.46 ’ ’ ’
High Frequency (Ln)
NZBC 6.01+1.14 6.62+0.7 7.11+0.8 6.77+0.89 6.61£0.98 6.78+1.02 6.77+1.14 6.7+0.92 6.93+0.85 0.841 0.000 0428
Placebo 5.38+1.66 6.34+0.95 6.8+1.08 6.57+1.03 6.87+0.55 6.78+0.74 6.98+0.74 6.97+0.61 7.08+0.74 ' ’ ’
Low/High Frequency Ratio (Ln)
NZBC 0.49+0.97 0.13+£0.91 0.13+1.2 0.48+1.23 0.67+0.83 0.37+1.09 0.38+1.42 0.74+1.01 0.56+0.89 0810 0.036 0.140
Placebo 0.97+0.87 0.81+1.2 0.19+1.07 0.34+1.18 0.55+1.06 0.55+1.13 0.33+0.96 0.59+1.03 0.49+1.07 ’ ’ ’
Total Power (Ln)
NZBC 6.98+0.93 7.38+0.67 7.88+0.69 7.85+0.68 7.79+0.88 7.82+0.87 7.8+0.78 7.96+0.62 8.05+0.55 0.908 0.000 0678
Placebo 6.73+1.39 7.54+0.82 7.64+0.93 7.58+0.77 7.97+0.31 7.9540.46 7.8840.66 8.05+0.31 8.17+0.49 ) ) )
Time Domain
SDNN (ms)
NZBC 34.34+11.71  45.49+14.7  56.99+19.55 53.12+17.71 53.62+19.63 57.36+22.73 58.81+20.89 61.19+19.47 62.06+16.49 0.820 0.000 0873
Placebo 32.13£16.26  46.53+£18.16  53.43+£23.71 49.19+18.04 56.75+11.7 56.71+13.73 55.93+16.62 58.68t14.6  62.57+16.61 ’ ’ ’
RMSSD (ms)
NZBC 31.44+13.94 49.15£22.86 64.16+31.8  56.1+29.11  54.18424.26 62.23+31.53 62.52+30.31 59.16+25.68 61.06+21.91 0.867 0.000 0.608
Placebo 27.37£14.61  46.4+21.48 57.29+433.05 5144234 58.79£15.2  58.55420.37 61.77421.16  60.56+21.66  65.04+25.49 ) ) )
Overview
Parasympathetic nervous system index
NZBC -1.36+0.84 -0.04+1.34 0.65+1.59 0.58+1.52 0.29+1.25 0.93£1.56 0.91+1.45 0.7+1.24 0.87+1.32 0.942 0.000 0.198
Placebo -1.7+0.73 -0.23+1.02 0.39+1.47 0.35+1.04 0.77+0.86 0.76+0.98 1.05+0.95 0.96+1.13 1.11£1.14 ' ’ ’
Sympathetic nervous system index
NZBC 2.05+1.32 0.45+1.39 -0.14+1.41 -0.21+1.27 -0.1+1.22 -0.53+1.25 -0.59+1.09 -0.48+0.98 -0.58+1.1 0.933 0.000 0616
Placebo 2.71+1.66 0.64+1.52 0.08+1.28 -0.09+0.86 -0.61+0.53 -0.6+0.54 -0.76+0.62 -0.74+0.7 -0.82+0.64 ’ ’ ’
Stress Index
NZBC 12.94+3.54  10.08+3.83 8.44+3.78 8.88+3.3 7.75+4.65 7.9443.55 7.48+2.6 7.61£2.65 7.35+2.4 0.762 0.000 0773
Placebo 14.46+5.13 10.83+5.69 9.534+4.3 9.4243.21 7.47£1.09 7.54+1.3 7.64+1.93 7.36+1.64 6.99£1.5 ) ) )
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All measures were collected following 7-days of supplementation with NZBC extract or placebo following 60-minutes of treadmill exercise. Data reported as
mean+SD from 10 participants. SDNN; Standard Deviation of the NN intervals, RMSSD; square root of the mean of the sum of the squares of differences
between adjacent NN intervals.
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Figure 1 A Systolic, B Diastolic, C Mean Arterial Pressure in the control condition of no exercise and 120-
minutes following exercise with NZBC or placebo. Data presented as mean+SD. *Control different to NZBC;
¥ Control different to placebo; # NZBC different to placebo.
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