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ABSTRACT 19 

Blackcurrant contains anthocyanins, known to influence vasorelaxation and peripheral blood 20 

flow. We examined the effects of 7 days intake of Sujon New Zealand blackcurrant powder 21 

(6g/day) on the lactate curve, maximum oxygen uptake, and cardiovascular responses at rest and 22 

during cycling. Thirteen trained triathletes with >3 yrs experience (8 men, age: 38±8 yrs, body 23 
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mass: 71±9 kg, BF%: 19±5%, mean±SD) performed two incremental cycling protocols with 24 

recording of physiological and cardiovascular responses (Portapres® Model 2). Cardiovascular 25 

function was also measured in rest. Experimental design was double-blind, placebo-controlled, 26 

randomized and cross-over (wash-out 4 wks). Data was analysed with two-tailed t-tests and 2-27 

way ANOVA and significance accepted at p<0.05. Plasma lactate was lower at 40%, 50%, 60% 28 

and 70% of maximum power by 27%, 22%, 17% and 13%. Intensity at 4 mmol∙L
-1

 OBLA was 29 

6% higher with blackcurrant without effect on heart rate and oxygen uptake. Maximum values of 30 

oxygen uptake, heart rate and power were not affected by blackcurrant, but obtained with 14% 31 

lower lactate. In rest, blackcurrant increased stroke volume and cardiac output by 25% and 26%, 32 

and decreased total peripheral resistance by 16%, with no changes in blood pressure and heart 33 

rate. Cardiovascular responses during exercise at 40%, 50%, 60%, 70% and 80% intensity were 34 

not affected. Sujon New Zealand blackcurrant powder affects lactate production and/or clearance 35 

during exercise. Sujon New Zealand blackcurrant powder affects physiological and 36 

cardiovascular responses in rest and during exercise that may have implications for exercise 37 

performance. 38 

 39 

Key words: Plasma lactate; cardiovascular function, New Zealand blackcurrant 40 

 41 

INTRODUCTION 42 

 43 

Blackcurrant is a rich source for anthocyanin, a flavonoid that has attracted attention 44 

recently for human health benefits such as reduced risks for myocardial infarction (Cassidy et al., 45 

2013) and type 2 diabetes (Wedick et al., 2012), inhibition of the proliferation of cancer cells 46 



As accepted for publication, http://journals.humankinetics.com/ijsnem 

As accepted for publication, http://journals.humankinetics.com/ijsnem 

 

(Bishayee et al., 2010), anti-inflammatory effects (Zhu et al., 2013), and anti-oxidant activity (De 47 

la Cruz  et al., 2013). Ergogenic aids with anti-inflammatory and anti-oxidant activity counteract 48 

potentially negative responses to exercise. For example, catechins, shiitake, resveratrol, 49 

quercetin, montmorency cherries, that are known ergogenic aids with anti-inflammatory and 50 

anti-oxidant properties, have been examined primarily for their effectiveness on exercise 51 

recovery (Haramizu et al., 2011; McAnulty et al., 2013; Zembron-Lacny et al., 2013). In 52 

addition, anthocyanin-containing fruits and berries, including blackcurrant, were examined for 53 

post-exercise effects on immune and functional responses (montmorency cherry juice: Bowtell et 54 

al., 2011; tart cherry juice: Connolly et al., 2006; blackcurrant extract: Lyall et al., 2009; 55 

blueberry: McLeay et al., 2012). It is not known whether the effects are caused by intake of a 56 

total amount of anthocyanins or amount of specific anthocyanins. However, the effectiveness of 57 

such ergogenic aids on the physiological responses during exercise has not been addressed. 58 

Blackcurrant has an effect on human cardiovascular responses during activity. Peripheral 59 

blood flow was increased by 22% during typing work in humans (Matsumoto et al., 2005), 60 

potentially by anthocyanin-induced vasorelaxation and vasodilation as shown in thoracic aortic 61 

rings in male Wistar rats (Ziberna et al., 2013). In intact rat aortic rings (i.e. with functional 62 

endothelium), anthocyanins induced relaxation by 37%, possibly by involvement of the 63 

purinergic pathway producing nitric oxide (Mendes et al., 2003). Edirisinghe et al (2011) 64 

provided evidence using human umbilical vein endothelial cells that blackcurrant concentrate 65 

activated eNOS via the Akt/PI3 kinase pathway. In addition, Nakamura et al (2002) observed 66 

that blackcurrant concentrate enhanced the synthesis of nitric oxide and induced dose-dependent 67 

relaxation up to 80%. In this study, removal of the endothelium blunted the effect of the 68 

anthocyanins, supporting endothelial function to be affected. Caution is required, however, to 69 
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generalize from in vitro exposure of arteries with blackcurrant to an in-vivo condition in humans. 70 

However, dietary intake of anthocyanin intake was associated with lower arterial stiffness and 71 

central blood pressure in women (Jennings et al., 2012). All together, these studies provide the 72 

evidence that may support an effect of anthocyanin on cardiovascular responses in rest and 73 

during exercise.  74 

An anthocyanin effect on cardiovascular responses during exercise may influence the 75 

delivery of substrates and removal of metabolic products of skeletal muscles. It is a classic 76 

observation, for example, that during exercise of incremental intensity, blood lactate accumulates 77 

in an exponential fashion as a consequence of production and removal mechanisms. An increase 78 

in peripheral blood flow by anthocyanin may benefit the removal mechanisms of lactate as 79 

uptake may be enhanced by liver, heart, kidney and skeletal muscles. As such, intracellular 80 

lactate oxidation (Gladden, 2008) and lactate conversion into glucose may be enhanced and 81 

could potentially lead to glycogen sparing (Emhoff et al., 2013). Increases in peripheral blood 82 

flow may also affect the oxygen consumed during exercise and potentially reduce effects of 83 

peripheral fatigue mechanisms and beneficial for exercise performance. The effects of 84 

blackcurrant on the lactate responses during incremental exercise and maximum oxygen uptake 85 

have not been examined.  86 

Lactate threshold or absolute lactate values during incremental exercise and maximum 87 

oxygen uptake are recognized indicators of the ability for endurance performance [for a review 88 

see (Bentley et al., 2007)]. An increased peripheral blood flow may affect lactate clearance and 89 

oxygen delivery influencing the exercise intensity at lactate indicators (e.g. onset of blood lactate 90 

accumulation (OBLA) at 4 mmol∙L
-1

), maximum oxygen uptake and the cardiovascular 91 

responses in rest and during exercise. Therefore, the primary objective was to examine the effect 92 
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of 7 days supplementation with Sujon New Zealand blackcurrant powder on the blood plasma 93 

lactate curve and aerobic capacity of trained triathletes. Second objective was to examine 94 

whether such supplementation would affect the cardiovascular responses at rest and exercise.  95 

 96 

METHODS 97 

 98 

Healthy male (n=8) and female (n=5) triathletes with >3 yrs triathlon experience (age: 38±8 yrs, 99 

height: 174±5 cm, body mass: 71±9 kg, BMI: 23±2, BF%: 19±5%, mean±SD) were recruited 100 

from local triathlon clubs and volunteered without payment. Participants provided written 101 

informed consent after explanation of the experimental procedures, potential risks and benefits. 102 

Ethical approval was obtained from the University of Chichester Ethics Research Committee. In 103 

brief, participants visited for one familiarization and two experimental testing sessions. 104 

Familiarization consisted of practicing all experimental procedures and recording of baseline 105 

subject characteristics [i.e. age, height, body mass, BMI, body fat (%) (Tanita BC418 segmental 106 

body composition analyser)]. Participants attended for two experimental visits to perform cycling 107 

protocols to examine the effectiveness of 7 days of intake of Sujon New Zealand blackcurrant 108 

powder [NZBC, 6g/day (138.6 mg anthocyanins) or placebo (PBO)]. Placebo was a 109 

commercially available blackcurrant juice with British blackcurrants containing likely about 3-4 110 

mg anthocyanins per dose (Mattila et al., 2011). We were not able to quantify the bioavailability 111 

of anthocyanins in the blood. Optimal dosing strategy of New Zealand blackcurrant powder is 112 

not known and the dose was according manufacturers guidelines. Studies on the effectiveness of 113 

berry juices applied also multiple days of intake before exercise testing (e.g. 8 days: Bowtell et 114 

al., 2011; 4 days: Connolly et al., 2006; 6 days: Howatson et al., 2010). The experimental design 115 
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was double blind, randomized, placebo-controlled, and cross-over with drinks provided in 116 

unlabelled bottles. Participants recorded their dietary intake for 48 hr before attending the first 117 

experimental visit and followed the identical dietary pattern before the second visit. Participants 118 

were instructed not to exercise and consume alcohol 24 hr before each visit, be well-rested and 119 

hydrated on arrival, and not take other supplements that add further nutritional value to the 120 

normal diet. For the experimental visits, participants visited 2-3 hr postprandial, after a light 121 

breakfast of toast and water and intake of the final supplement. All testing occurred in a 122 

temperature controlled (~ 18°C) exercise physiology laboratory. The sequence of testing during 123 

an experimental visit comprised of 20 min recording of resting cardiovascular function followed 124 

by the cycling protocol for lactate responses with recording of physiological and cardiovascular 125 

responses. Then, following a 30 min rest, the cycling protocol for maximum oxygen uptake was 126 

performed. 127 

 128 

Experimental procedures 129 

Incremental cycling protocols 130 

The incremental cycling protocol for lactate responses consisted of 4 min stages with 2 131 

min recovery, start power 50 W with 30 W increments [adapted from (González-Haro et al., 132 

2007)], with termination by obtaining a plasma lactate response close to or over 4.0 mmol∙L
-1

. 133 

The maximum oxygen uptake protocol had a start power 50 W for 4 min with 30 W∙min
-1

 134 

increments [adapted from (Bailey et al., 2009)] with termination by voluntary exhaustion. 135 

Cycling protocols were performed at self-selected pedal cadence (70-90 rpm) on an ergometer 136 

(SRM ergometer, SRM International, Germany). In the last minute of each stage during the 137 

cycling protocol for lactate, expired air was collected using the Douglas bag technique and heart 138 
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rate (Polar Vantage NV, Polar Electro Oy, Kempele, Finland) recorded. Expired air was analysed 139 

with three-point calibrated Servomex gas analysers (Servoflex MiniMP, 5200 Multipurpose) and 140 

volume measured (Harvard dry gas meter). Gas volumes were calculated using Haldane 141 

transformation and standardisation to STPD conditions with consideration of fractions of oxygen 142 

and carbon dioxide of inspired air. Blood samples for analysis of plasma lactate were taken using 143 

finger-prick method immediately after each stage and 3 min after voluntary exhaustion during 144 

the maximum oxygen uptake test (2300 STAT Plus™ analyser, YSI Life Sciences, Yellow 145 

Springs, USA). In at least the last 4 minutes of the maximum oxygen uptake protocol, expired 146 

gases were collected in 45 seconds samples with 30 seconds samples in the last minute using 147 

Douglas bags (Plysu Protection Systems Limited, Milton Keynes, UK). A blood sample was 148 

taken 3 minutes after the end of the test.  149 

 150 

Cardiovascular measurements 151 

Cardiovascular responses were recorded using a beat-to-beat blood pressure monitoring 152 

system (Portapres® Model 2, Finapres Medical Systems BV, Amsterdam, The Netherlands) in 153 

rest and during the incremental cycling protocol for lactate responses. The Portapres® Model 2 is 154 

a beat-to-beat finger pressure analyser that allows the non-invasive continuous measurement of 155 

hemodynamic parameters. The Portapres has shown reliability for the relative changes in cardiac 156 

output (Sugawara et al., 2003). Clear outliers in recorded data were removed. The finger cuff 157 

was positioned around the same finger of the hand of the left arm. For the resting condition, 158 

participants were in a supine position for 20 min. Cardiovascular measures in rest were averaged 159 

over 10 consecutive beats, with the lowest systolic blood pressure (BP) and associated measures 160 

analysed. For the exercise condition, cardiovascular measures were averaged for the last minute 161 
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of each stage in which participants held the left arm in front of their chest to enable recording of 162 

the signal with less noise. The following parameters were derived: stroke volume, cardiac output, 163 

systolic blood pressure, diastolic blood pressure, mean arterial pressure, and total peripheral 164 

resistance (Beatscope 1.1a., Finapres Medical Systems BV, Amsterdam, The Netherlands). 165 

 166 

Supplementation protocol 167 

Participants were provided with a 4 day supply of Sujon New Zealand blackcurrant powder (24 168 

gram in 571 mL of water) followed by 3 day supply (18 gram in 429 mL of water), dissolved in 169 

opaque bottles. Sujon New Zealand blackcurrant powder contains 138.6 mg anthocyanin, 49 mg 170 

Vit C and 5.2 gram of carbohydrates per 6 gram serving. Per serving, total phenolic content was 171 

271.6 mg. Placebo was a commercially available low-calorie blackcurrant juice drink (Ribena 172 

Blackcurrant), containing 32 mg Vit C and ~1.6 gram of carbohydrates per 250 ml serving. 173 

Participants were instructed to take the supplement or placebo with breakfast with the last intake 174 

about 2 hrs before an experimental visit. Participants were provided with a marked plastic cup to 175 

ensure equal daily intake over a 7-day period. Wash-out period was 4 weeks (Jin et al., 2011). 176 

 177 

Statistical analysis. 178 

The mathematical relationship between cycling power and lactate for each individual was 179 

determined with a third degree polynomial using lactate analysis software (Newell et al., 2007) 180 

[R
2
 values of 0.9868±0.0174 (placebo) and 0.9871±0.0198 (Sujon New Zealand blackcurrant 181 

powder)] and calculated at 30%, 40%, 50%, 60%, 70% and 80% of maximal cycling power 182 

obtained with the maximum oxygen uptake cycling test. Intensity, oxygen uptake and heart rate 183 

were calculated at a lactate rise of 1 mmol∙L
-1 

and a lactate value of 4 mmol∙L
-1 

(OBLA, onset of 184 
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blood plasma lactate accumulation) using the lactate analysis software. Cardiovascular responses 185 

during exercise were taken for the stage closest to 40%, 50%, 60%, 70% and 80% of maximum 186 

oxygen uptake resulting in intensity for placebo of 41±5%, 51±4%, 60±6%, 70±3%, and 79±4% 187 

and for the Sujon New Zealand blackcurrant powder condition 41±3%, 48±2%, 57±3%, 67±6%, 188 

and 80±4%. Data for 3 participants for the cardiovascular responses during exercise was 189 

excluded due to the inability of recording of a clean signal. A sample size of 9 would allow 190 

detection of a 20% difference in cardiac output at rest (power: 0.80: α-level: 0.05). Resting 191 

cardiovascular data passed normality check with D’Agostino and Pearson omnibus normality test 192 

(Prism v5.04, Graphpad Software Inc.) to allow paired t-tests.  Lactate and cardiovascular 193 

responses during exercise were analysed with 2-way ANOVA and post hoc t-tests to examine 194 

condition effects at each intensity. Significance was accepted at p<0.05. 195 

 196 

RESULTS 197 

Lactate responses 198 

The intensity at 1 mmol∙L
-1

 lactate rise was 4% higher with Sujon New Zealand blackcurrant 199 

powder (PBO: 184±52, NZBC: 192±52 W, range -2 to 14%, 8 participants showed an increase 200 

and 1 no change) (p=0.02). In both conditions at a 1 mmol∙L
-1

 lactate rise, there were no 201 

differences in heart rate (PBO: 141±16, NZBC: 141±14 b∙min
-1

, p=0.83) or oxygen uptake 202 

(PBO: 2.54±0.66, NZBC: 2.49±0.63 L∙min
-1

, p=0.41). The intensity at 4 mmol∙L
-1

 OBLA was 203 

6% higher with Sujon New Zealand blackcurrant powder (PBO: 223±57, NZBC: 236±60 W, 204 

range -5 to 22%, 11 participants showed an increase and 1 no change) (p=0.007) (Figure 1). In 205 

both conditions at 4 mmol∙L
-1

 OBLA, there were no differences in heart rate (PBO: 159±7, 206 

NZBC: 164±10 b∙min
-1

, p=0.13) or oxygen uptake (PBO: 2.91±0.73, NZBC: 2.96±0.71 L∙min
-1

, 207 
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p=0.31). Plasma lactate was lower at 40% (PBO: 1.24±0.52, NZBC: 0.91±0.46 mmol∙L
-1

, 208 

p=0.001), 50% (PBO: 1.58±0.78, NZBC: 1.23±0.64 mmol∙L
-1

, p=0.002), 60% (PBO: 2.29±0.96, 209 

NZBC: 1.91±0.87 mmol∙L
-1

, p=0.001) and 70% (PBO: 3.52±1.10, NZBC: 3.08±1.21 mmol∙L
-1

, 210 

p=0.004) of maximum power, decreases of 27%, 22%, 17% and 13%, respectively (Figure 2).  211 

 212 

Maximum oxygen uptake 213 

There was no effect on maximum values of oxygen uptake (PBO: 49.1±6.2, NZBC: 49.7±6.1 214 

mL∙kg
-1

∙min
-1

, p=0.16), power (PBO: 305±68, NZBC: 307±62 W, p=0.66) or heart rate (PBO: 215 

172±10, NZBC: 172±11 b∙min
-1

, p=0.68). However, maximum oxygen uptake with Sujon New 216 

Zealand blackcurrant powder was obtained with 14% lower lactate values (measured 3-min after 217 

exhaustion; PBO: 7.85±1.69, NZBC: 6.79±1.51 mmol∙L
-1

, range -27 to 48%, 10 participants 218 

showed a decrease and 1 no change) (p=0.02) (Figure 3). 219 

 220 

Cardiovascular function in rest 221 

There were no differences in systolic BP (PBO: 121±23, NZBC: 120±23 mmHg, p=0.92), 222 

diastolic BP (PBO: 69±16, NZBC: 63±14 mmHg, p=0.12), mean arterial BP (PBO: 86±18, 223 

NZBC: 82±18 mmHg, p=0.33), and heart rate (PBO: 58±9, NZBC: 59±10 beats∙min
-1

, p=0.95). 224 

Stroke volume (PBO: 82±23, NZBC: 99±25 mL, p=0.006) and cardiac output (PBO: 4.8±1.6, 225 

NZBC: 5.8±1.7 L∙min
-1

, p=0.015, Figure 4A) were increased by 25% and 26%, respectively. 226 

There was a 16% lower total peripheral resistance (PBO: 20.2±8.9, NZBC: 15.2±5.3 mmHg∙L
-

227 

1
∙min

-1
, p=0.05) (Figure 4B). The changes in resting cardiovascular function were observed in 10 228 

participants. 229 

 230 
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Cardiovascular responses during exercise 231 

At each intensity, there were no differences in diastolic BP (p=0.56), systolic BP (p=0.76), mean 232 

arterial blood pressure (p=0.54), heart rate (p=0.78), stroke volume (p=0.88), cardiac output 233 

(p=0.97) and total peripheral resistance (p=0.58) between placebo and New Zealand blackcurrant 234 

at each intensity (Table 1).  235 

 236 

DISCUSSION 237 

 238 

The present study provides evidence for an effect on the physiological responses during 239 

exercise and resting cardiovascular function by short duration (1 week) intake of an anthocyanin-240 

containing supplement. Short-term supplementation with Sujon New Zealand blackcurrant 241 

powder shifted the lactate curve during exercise, allowed maximum oxygen uptake with lower 242 

lactate, increased resting cardiac output and stroke volume and decreased resting total peripheral 243 

resistance. No effects were observed for cardiovascular responses during exercise. In addition, 244 

no effects were observed for functional capacity (i.e. power at maximum oxygen uptake), thus 245 

the practical implications of the supplement intervention are still unclear. 246 

As far as we know, the substantial combined downward and rightward shift of the lactate 247 

curve in the present study with Sujon New Zealand blackcurrant powder has not been reported 248 

by other supplement intake. It is well known that the downward and rightward shift of the lactate 249 

curve results from physiological and metabolic adaptations by endurance training (Faude et al., 250 

2009) and high-intensity training (Evertsen et al., 2001); in our study, the right-ward shift of the 251 

lactate curve resulted that OBLA was obtained at a 6% higher cycling intensity. A delay in 252 

OBLA may have beneficial implications for endurance athletes as it would allow prolonged high 253 
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intensity exercise during competition and endurance exercise training. In addition, a delay in 254 

OBLA could be predictive for an enhancement of cycling endurance performance. However, 255 

supplementation with Sujon New Zealand blackcurrant powder did not replicate other common 256 

endurance training adaptations in physiological responses because heart rate and oxygen uptake 257 

at OBLA, for example, were not affected. Other supplements have been reported to be able to 258 

shift the lactate curve right-ward. For example, recreationally active men delayed OBLA after 28 259 

days of beta-alanine supplementation but with increased absolute heart rate as a percentage of 260 

maximum values (Jordan et al., 2010). In endurance-trained cyclists, OBLA with beta-hydroxy 261 

betamethylbutarate and leucine was delayed by 9.1% and 2.1%, respectively (Vukovich & 262 

Dreifort, 2001). Neither of these studies reported a downward shift of the lactate curve. 263 

Therefore, the mechanisms causing delayed OBLA in previous studies by supplementation 264 

(Jordan et al., 2010) or training (Evertsen et al., 2001) are possibly explained by different 265 

physiological mechanisms that delayed the OBLA and blood lactate accumulation in the present 266 

study. Blood lactate accumulation results from an imbalance between lactate appearance and 267 

removal mechanisms (Brook, 1985). Our data provides evidence for the following acute 268 

physiological adaptations with short-term anthocyanin supplementation. First, short-term 269 

supplementation with anthocyanin seems to alter the balance of lactate appearance and removal 270 

mechanisms to blood lactate accumulation. Second, it seems that the alteration of the balance of 271 

factors contributing to blood lactate accumulation is/are intensity-dependent with exercise at 272 

relatively low intensity to be more affected. The lactate appearance may have been altered by an 273 

anthocyanin effect on substrate oxidation such that there was potentially an increased 274 

contribution of fat oxidation at relatively low intensities. Future work should address whether 275 

substrate oxidation is altered with blackcurrant supplementation. The removal mechanisms may 276 



As accepted for publication, http://journals.humankinetics.com/ijsnem 

As accepted for publication, http://journals.humankinetics.com/ijsnem 

 

have been enhanced by an increase in peripheral blood flow. An increase in peripheral blood 277 

flow was reported by Matsumoto et al (2005), in typing work, a physical activity performed at 278 

relatively low intensity. We were not able to quantify the contribution of lactate appearance and 279 

removal mechanism towards reduced lactate at low and moderate exercise intensities. However, 280 

increased peripheral blood flow by anthocyanin vasodilating effects may have contributed to 281 

increased lactate clearance. 282 

Maximum oxygen uptake was not affected by blackcurrant intake but obtained with 283 

lower lactate values. Although the protocols for obtaining the lactate curve and maximum 284 

oxygen uptake were different in stage duration, the lower lactate value may indicate reduced 285 

contribution of anaerobic glycolysis needed to reach exhaustion or increased clearance 286 

immediately following exercise and being at rest.  287 

At rest (but without preceding exercise), total peripheral resistance was reduced with 288 

blackcurrant supplementation. As far as we know, there is no evidence that anthocyanins or their 289 

metabolites can reduce sympathetic drive, but if this had happened, resting heart rate would have 290 

been affected and that was not the case. In humans, it was observed that orally provided 291 

anthocyanins (320 mg containing 17 different anthocyanins from bilberry and blackcurrant) 292 

induced an increase in brachial flow-mediated dilation of about 10% 2hr after intake in 293 

hypercholesterolemic individuals (Zhu et al., 2011). The dose in our study was 138.6 mg of total 294 

anthocyanins in Sujon New Zealand blackcurrant powder. In addition, Zhu et al (2011) provided 295 

the anthocyanin in capsule form bypassing possible anthocyanin-dependent degradation in mouth 296 

saliva (Kamonpatana et al., 2012; Kamonpatana et al., 2014) by powder intake in the present 297 

study, although potential effects are small due to the time needed for degradation by saliva. It is 298 

possible that in our study, blackcurrant anthocyanins (or its metabolites) increased nitric oxide 299 
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production (Xu et al., 2004; Ziberna et al., 2013) leading to a decrease in total peripheral 300 

resistance. However, the reciprocal changes of reduced total peripheral resistance and increased 301 

cardiac output (by increased stroke volume), but no changes in resting heart rate and blood 302 

pressure suggests probably more complex hemodynamic mechanisms. For example, increased 303 

resting cardiac output could normally result from an increase in resting heart rate but this was not 304 

the case. 305 

There are some limitations of the present study. First, our understanding of the 306 

mechanisms of the effects by oral intake of Sujon New Zealand blackcurrant powder requires 307 

information on the bioavailability of anthocyanins and metabolites. In addition, work is required 308 

to examine the mechanisms of physiological effects by anthocyanins and metabolites in in-vivo 309 

exercise models. Second, we did not consider sex of the participants, and differences in substrate 310 

oxidation, for example, may affect the observed lactate responses. Third, we do not know 311 

whether the observed effects were due to the duration of the intake. Fourth, maximum oxygen 312 

uptake values are likely indicative of moderately trained individuals and effectiveness in more 313 

trained populations is recommended. 314 

In summary, effects of Sujon New Zealand blackcurrant powder for the endurance 315 

athletes during exercise on the lactate curve and resting cardiovascular function may initiate a 316 

new direction in applied sports nutrition research. There is scope to focus on the physiological, 317 

metabolic and performance effects of New Zealand blackcurrant in different exercise modalities. 318 

Intake of Sujon New Zealand blackcurrant powder was associated with 1) a downward and 319 

rightward shift of the lactate curve during cycling over a wide range of exercise intensities, 2) 320 

lower plasma lactate at aerobic capacity suggesting increased lactate clearance or altered 321 
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substrate oxidation, 3) improved cardiovascular function at rest. These findings may have 322 

implications for training practice, aerobic performance and recovery of endurance athletes. 323 

 324 
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 480 

 481 

Fig.1. Power values of participants at a lactate value of 4 mmol∙L
-1

 (OBLA) for placebo and after 482 

7 days of Sujon New Zealand blackcurrant powder intake. Large symbols indicate mean values. 483 

*, difference between placebo and Sujon New Zealand blackcurrant powder. 484 
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 494 

 495 

 496 

Fig. 2. Relationship between cycling intensity and lactate. Intensity was expressed as a 497 

percentage of maximum power (%Pmax). *, difference between placebo and Sujon New Zealand 498 

blackcurrant powder. Values are mean±SD. 499 
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 513 

 514 

 515 

Fig. 3. Lactate values of participants 3 min after completion of the maximum oxygen uptake 516 

protocol. Large symbols indicate mean values. Mean lactate values were lower after 7 days 517 

intake of Sujon New Zealand blackcurrant powder. *, difference between placebo and Sujon 518 

New Zealand blackcurrant powder. 519 
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Fig. 4. Resting cardiac output (A) and resting total peripheral resistance (TPR) (B) of 526 

participants. Large symbols indicate mean values. Mean values for cardiac output and TPR were 527 

higher and lower, respectively, after 7 days intake of Sujon New Zealand blackcurrant powder. *, 528 

difference between placebo and Sujon New Zealand blackcurrant powder. 529 
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Table 1. Cardiovascular responses at during cycling at 40%, 50%, 60%, 70% and 80% V O2max. 533 

 40% 50% 60% 70% 80% 

 P

BO 

N

ZBC 

PB

O 

N

ZBC 

PB

O 

N

ZBC 

PB

O 

N

ZBC 

PB

O 

N

ZBC 

DBP (mm Hg) 83±15 88±18 84±16 89±19 86±15 92±22 91±14 93±18 97±14 101±19 

SPB (mm Hg) 185±31 195±33 188±33 192±40 196±35 203±42 202±35 201±39 215±33 218±35 

MAP (mm Hg) 110±20 118±21 114±19 119±23 116±17 122±25 120±16 123±21 129±17 133±20 

HR (b·min
-1

) 99±9 100±10 110±8 110±8 124±10 124±10 138±13 139±13 152±13 155±11 

SV (mL·min
-1

) 101±18 95±25 96±20 92±25 94±20 93±24 91±18 93±29 88±18 87±28 

CO (L·min
-1

) 9.9±1.9 9.6±2.4 10.6±2.4 10.1±2.7 11.7±2.7 11.5±2.9 12.6±2.5 12.9±4.2 13.3±2.6 13.6±4.4 

TPR (mmHg∙L
-

1
∙min

-1
) 

11.8±4.5 13.5±5.9 11.7±4.9 13.1±6.3 10.7±4.2 11.8±6.2 10.1±3.1 10.7±4.7 10.3±3.3 11.3±5.5 
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PBO, placebo; NZ BC, Sujon New Zealand blackcurrant; DPB, diastolic blood pressure; SBP, systolic blood pressure; MAP, mean arterial 534 

pressure; HR, heart rate; SV, stroke volume; CO, cardiac output; TPR, total peripheral resistance. Data of ten subjects. There were no differences 535 

between placebo and Sujon New Zealand blackcurrant for a cardiovascular response at each intensity.Values are mean±SD. 536 
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