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and caffeine intake while exercising in a fatigued state. Lastly, there is limited information on the acute 

effect of NZBC on substrate metabolism during prolonged exercise. Therefore, the key areas of 

research for this study include (i) the acute individual, additive, and potentially synergistic effects of 

NZBC and caffeine intake while exercising in a fatigued state and (ii) the acute effect of a NZBC intake 

on substrate metabolism during cycling.  

1.3. Overall Aims and Research Questions 

The overall aim of this thesis was to examine the individual, combined, and possible synergistic effects 

of NZBC and caffeine intake on high-intensity intermittent running performance (speed and distance 

covered) in recreationally active males in a fatigued state, mimicking consecutive training sessions 

and/or inadequate recovery between games. The study also aimed to evaluate the effect of NZBC 

intake with and without caffeine on serum FFA concentration during and after exercise and the effect 

of a single dose of NZBC on substrate oxidation during mixed-intensity cycling. The study also focused 

on incorporating a smart insole-embedded inertial measurement unit (IMU) system to explore sprint 

performance variables such as peak sprint speed and acceleration during the high intensity 

intermittent running protocol.  

1.3.1. Research Question 1 

Can a consumption of NZBC drink containing 120 mg of anthocyanins influence substrate oxidation 

and serum free fatty acid (FFA) concentrations during cycling in recreationally active males?  

A double blind, randomised, placebo-controlled, crossover study was designed to investigate the 

acute effect of NZBC intake on fat oxidation, carbohydrate oxidation, respiratory exchange ratio, 

energy expenditure, and plasma free fatty acid concentrations in recreationally active males while 

cycling at moderate-intensity for 90 min.  

1.3.2. Research Question 2  

What is the effect of consumption of New Zealand blackcurrant drink (NZBC) containing 240 mg of 

anthocyanins, with and without 240 mg of caffeine on high-intensity intermittent running 

performance in fatigued recreationally active males? Does NZBC and caffeine intake affect serum 

FFA concentration before and after exercise? 

To investigate the above research questions, a double blind, randomised, placebo controlled, 

crossover study was designed. The study examined the effect of consumption of four different drinks, 

namely: i) placebo, ii) NZBC iii) caffeine, and iv) NZBC + caffeine on sprint speed, sprint time, distance 

covered, and reaction time using the modified Loughborough Intermittent Shuttle-running Test (m-

LIST). The study also evaluated the changes in caffeine metabolites, free-fatty acids, and blood lactate 
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through blood samples during exercise. In order for participants to reach a fatigued state, a 90-min 

cycling protocol was implemented to reduce muscle glycogen content the day before the running trial 

(Vøllestad et al., 1992).  

1.3.3. Research Question 3 

Can we use a smart insole-embedded IMU system during the m-LIST to identify differences between 

biomechanical and kinematic sprint variables due to fatigue after the consumption of a single dose 

of NZBC with and without caffeine? 

To answer this research question the study incorporated smart insole-embedded IMUs to assess 

maximum speed, average peak sprint speed, acceleration, deceleration, cadence, and other sprint 

performance markers during the m-LIST after the consumption of a single dose of NZBC with and 

without caffeine. 

1.4. Thesis Structure 

This PhD project follows the format of thesis by publication. An overview of the thesis chapters is 

presented below with identification of the chapters that are in preparation for publication.  

Chapter 1 provides the background and rationale for this PhD study. It also introduces and describes 

the overall aims and research questions being addressed.  

Chapter 2 is a narrative review and provides an overview of the potential of New Zealand blackcurrant 

intake to improve running and cycling exercise performance. This chapter also discusses mechanisms 

of action of New Zealand blackcurrant ingestion that play a role in exercise performance and recovery, 

such as blood flow, substrate oxidation, and oxidative stress. This chapter has been presented in a 

publication format and will be submitted to a journal.  

Chapter 3 presents the first experimental chapter of this study and focuses on the effects of a single 

dose of New Zealand blackcurrant powder on substrate oxidation in recreationally active males while 

cycling and addresses research question 1 (Section 1.3.1). This chapter has been presented in a 

publication format and will be submitted to a journal. 

Chapter 4 presents the second experimental chapter of this study that evaluates the individual and 

additive effects of blackcurrant powder and caffeine intake on high intensity intermittent exercise 

performance in recreationally active males and addresses research question 2 (Section 1.3.2). This 

chapter has been presented in a publication format and will be submitted to a journal. 

Chapter 5 presents the findings of the individual and additive effects of NZBC and caffeine intake on 

various sprint variables assessed using the smart insole-embedded IMU system during the modified 
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Abstract 

Anthocyanin-rich extracts derived from New Zealand grown blackcurrants have shown to have a small 

but significant effect on exercise performance with no known detrimental side effects. Improvement 

in running and cycling performance has been reported with the intake of New Zealand blackcurrants 

in the form of juice concentrate, powdered juice concentrate, powdered whole fruit, and powdered 

capsulated anthocyanins extract (NZBC) in recreationally active and trained athletes. For example, the 

acute intake of NZBC decreased completion time of a 5-km running time-trial, whereas the intake of 

NZBC for 7 days increased the number of sprints and time to exhaustion, and reduced slowing of 

sprints during high-intensity intermittent running protocol. For studies on cycling performance, 

consumption of NZBC for 7 days resulted in faster cycling times during time-trials and increased fat 

oxidation during long duration steady-state cycling. It is speculated that NZBC intake can benefit 

athletes by increasing muscle blood flow, as previously observed at rest and during sustained isometric 

contraction. Increase in blood flow can benefit athletes as it can attenuate the phosphocreatine 

degradation that causes fatigue, contribute to higher phosphocreatine resynthesis, improve removal 

of metabolites such as inorganic phosphate and adenosine diphosphate which would normally have a 

negative effect on force production, and thereby, improving exercise performance. Furthermore, in 

vitro and animal studies have shown that anthocyanin-rich treatment increases AMPK activation in 

skeletal muscle and expression of genes involved in lipid metabolism, both of which could contribute 

to an increase in fat oxidation during exercise. More recently, NZBC has also shown to improve 

recovery from exercise-induced oxidative stress after 30-min steady-state rowing, potentially due to 

the activation of the Nrf2/ARE pathway and increasing the activity of cellular antioxidant capacity. 

Therefore, there is evidence that intake of NZBC for 7 days could act as an ergogenic aid for steady-

state and high-intensity intermittent exercise performance and more research is needed to 

understand the mechanism of action behind the effect of NZBC on running and cycling performance 

and antioxidant capacity during recovery.  

 

Keywords: Anthocyanins, substrate oxidation, lipid oxidation, and exercise performance 
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2.1. Introduction 

Blackcurrants (Ribes nigrum) are fruit berries rich in anthocyanins, particularly, delphinidin-3-

rutinoside, delphinidin-3-glucoside, cyanidin-3-rutinoside and cyanidin-3-glucoside that contribute to 

about 97-98% of total anthocyanin content (Gopalan et al., 2012). Blackcurrants grown in New Zealand 

are considered as a superior source of anthocyanins compared to the varieties grown in other 

countries due to their high anthocyanin content. For example, New Zealand blackcurrants contain 336 

to 850 mg of anthocyanins per 100 ml of juice, whereas non-New Zealand blackcurrants contain 

anthocyanins ranging from 170 to 310 mg/100 ml of juice (Schrage et al., 2010).  

Intake of New Zealand blackcurrant products in the form of juice concentrate, powdered juice 

concentrate, powdered whole fruit, and powdered capsulated anthocyanins extract (NZBC) has shown 

to influence exercise and sport performance, and therefore can be beneficial for trained athletes and 

recreationally active individuals. Consumption of 300 mg/day of NZBC for 7 days increased fat 

oxidation during moderate intensity cycling (Cook et al., 2015), improved time-trial performance by 

2.4% (Cook et al., 2015), and increased the number of sprints during a repeated-sprint performance 

test (Perkins et al., 2015). Most studies that evaluated the effect of NZBC intake on sport and exercise 

performance have suggested multiple mechanisms for its influence on performance outcomes. First, 

intake of NZBC seems to contribute to an increase in blood flow (Matsumoto et al., 2005) and there is 

in vitro evidence for up-regulation of the endothelial nitric oxide synthase (Speciale et al., 2014) and 

promotion of vasodilation (Ziberna et al., 2013). Second, in vitro treatment of isolated rat adipocytes 

with cyanidin-3-glucoside has also shown to influence substrate oxidation by up-regulating the genes 

involved in lipid metabolism (Tsuda et al., 2005).  

The studies on intake of NZBC and sports performance have not considered the literature on the pro-

oxidant nature of blackcurrant anthocyanins which could be beneficial to training adaptation and post-

exercise recovery (Hurst et al., 2019; Hurst et al., 2020). Intake of NZBC has been shown to increase 

pro-oxidants and oxidative stress biomarkers in the plasma when consumed 2 h before exercising. This 

increase in plasma oxidative stress has the potential to trigger activation of cellular redox-sensitive 

processes such as nuclear redox factor2 (Nrf2) transcription. When triggered, Nrf2 increases the 

expression of inherent cellular antioxidant enzymes which have the potential to protect against 

exercise-induced oxidative stress and improve exercise recovery (Hurst et al., 2019; Kropat et al., 2013; 

Yan et al., 2017). Thus, this review focuses on the potential of New Zealand blackcurrant products to 

improve cycling and running exercise performance. It also provides insights on the possible 

mechanisms of action of NZBC intake that affect blood flow and fat oxidation during exercise and pro-

oxidant activity during exercise recovery.  
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peaked at 1-h post consumption in healthy individuals. The bioavailability profile of the plasma 

anthocyanins and their concentrations were similar to the study by Hurst et al described earlier (Hurst 

et al., 2019; Matsumoto et al., 2005). The slight differences in the time of the peak in plasma 

anthocyanin levels observed among the three studies could be due to a number of factors, such as 

different chemical anthocyanin compositions of the extracts, the methods used for plasma 

anthocyanin extraction and analyses, the amount of anthocyanins consumed by trial participants, and 

variation in the absorption kinetics by different participant cohorts (de Ferrars et al., 2014).   

2.4. Effect of NZBC on cycling performance 

New Zealand blackcurrant extract has also been studied for its potential to increase fat oxidation 

during cycling and improve time-trial cycling performance (Cook et al., 2015; Cook, Myers, Gault, 

Edwards, et al., 2017; Murphy et al., 2017). Fat oxidation is particularly beneficial for endurance 

athletes, as higher rates of fat oxidation are associated with improved performance in activities such 

as triathlons, cross-country skiing, and marathons (Knechtle et al., 2004). Oxidising fat efficiently 

allows athletes to sustain prolonged periods of exercise by using fat as a primary energy source, 

thereby sparing glycogen stores for more intense efforts (Murray & Rosenbloom, 2018). Studies have 

shown that peak fat oxidation is positively correlated with endurance performance metrics, such as 

time-trial performance and citrate synthase activity in skeletal muscle, which is indicative of 

mitochondrial density and oxidative capacity (Maunder et al., 2018).  

This section discusses the effect of NZBC intake on cycling time-trial performance, and exercise 

intensity, blood lactate concentration, and substrate metabolism. 

2.4.1. Time trial performance 

A 2.7 to 8.7% reduction (mean reduction 2.4 ± 3.7%) in time taken to complete 16.1-km cycling time-

trial was observed with NZBC intake in trained male cyclists (Cook et al., 2015). Since the smallest 

worthwhile change for road time-trial cyclists is around 0.6% (Paton & Hopkins, 2006), the mean 

decrease of 2.4% in time-trial represents a significant practical advantage to the participants, 

especially because there were no changes in the training or diet before the time-trial (Cook et al., 

2015). In contrast, NZBC intake failed to decrease time taken to complete 16.1 km cycling time-trial in 

normobaric hypoxia conditions (Willems et al., 2019) and during a home-based online training 

simulator trial (Montanari et al., 2023). The study by Montanari et al. (2023) also reported that NZBC 

intake benefitted slower athletes with higher power output and speed at the 12-km mark (quartile 

analysis) and faster time-trial completion time compared to the placebo with no effect on heart rate 

and cadence (Montanari et al., 2023). 
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effect of the acute intake of NZBC, and thus, it is possible that a 7-day loading phase is necessary to 

see a difference in substrate metabolism.  

2.5.5. Fatigue index and ratings of perceived exertion 

In the study by Godwin et al. (2017) there was a strong trend for the fatigue index to be 12% lower 

following NZBC intake in both young trained and recreationally active football players (p = 0.06, 12 out 

of 24 participants showed a lower fatigue index). It has been reported that fatigue index during the 

running-based anaerobic sprint test (6 × 35-m sprints with 10 s passive recovery) is correlated with 

activity level of the m.rectus femoris and m.biceps femoris muscles, but not with m.vastus lateralis in 

professional football players (Brocherie et al., 2015). Thus, it is possible that the intake of NZBC in the 

Godwin et al. (2017) study influenced some football players to better maintain activity level in some 

lower limb muscles during repeated sprint running. Moreover, the authors found that there was an 

increase in ratings of perceived exertion (RPE) over time with both NZBC and placebo intake (Godwin 

et al., 2017), thus, suggesting that NZBC intake did not influence RPE during exercise. 

To conclude, intake of NZBC for 7 days has been shown to influence running performance by increasing 

the number of sprints and improving time to exhaustion, whereas the acute intake has reported faster 

completion time during a 5-km running trial. It is speculated that NZBC intake benefits athletes by 

increasing muscle blood flow (Matsumoto et al., 2005) which can influence blunting of PCr 

degradation that causes fatigue, contribute to higher PCr resynthesis, improve removal of 

metabolites, inorganic phosphate and adenosine diphosphate (which would normally have a negative 

effect on force production), thereby, improving exercise performance. NZBC intake for 7 days may 

also have an effect on substrate metabolism when exercising in a fasted state. However, the evidence 

indicates it has no effect on blood lactate levels and ratings of perceived exertion during exercise and 

post-exercise recovery.  
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2.6. Mechanisms of action  

Increase in skeletal muscle perfusion and fat oxidation are two possible ways by which blackcurrant 

anthocyanin intake can improve running and cycling performance. The following sections describe the 

mechanisms of action of NZBC for the increase in blood flow and changes in substrate partitioning 

that benefit exercise performance.  

2.6.1. Blood flow  

Increase in blood flow is frequently suggested as the underlying mechanism of action of NZBC intake 

on improving exercise performance. The in vitro treatment of human endothelial cells with NZBC has 

demonstrated an increase in the production of endothelial nitric oxide synthase (eNOS) (Edirisinghe 

et al., 2011). The nitric oxide (NO) released from endothelial cells via endothelial nitric oxide synthase 

(eNOS) can enhance peripheral blood flow to exercising muscles through relaxation of vascular 

smooth muscle cells and vasodilation of blood vessels (Garcia & Sessa, 2019). Blackcurrant 

anthocyanins have also been shown to increase eNOS mRNA expression and subsequent NO 

production in human endothelial cells in culture (Speciale et al., 2014) and in small animal studies 

(Horie et al., 2019). Furthermore, there is evidence that blackcurrant extract can activate eNOS via the 

Akt/PI3 kinase pathway in human umbilical vein endothelial cells (Edirisinghe et al., 2011). Another 

study on isolated rat aortic rings demonstrated a 37% relaxation of the intact rings by anthocyanins, 

possibly by the involvement of the purinergic pathway to produce NO (Mendes et al., 2003).  

New Zealand blackcurrant intake also has been shown to increase delivery of blood to muscles via 

vasodilation (Matsumoto et al., 2005). The increase in blood flow therefore could influence oxygen 

delivery, fuel utilisation, phosphocreatine degradation, and lactate clearance. Matsumoto et al. (2005) 

observed a 22% increase in the peripheral blood flow at rest after the consumption of a single dose of 

17 mg/kg BM of blackcurrant concentrate containing 10.83% of anthocyanins in healthy male 

participants. The change in forearm blood flow was assessed using near infrared spectroscopy (NIRS) 

which is a recognised, accurate and sensitive assessment of blood flow as it measures haemoglobin, 

deoxyhaemoglobin and total haemoglobin every 0.5 s (Matsumoto et al., 2005). The study also 

evaluated the effect of 7.7 mg/kg BM of blackcurrant concentrate intake for 14 days on typing work 

and observed the following: (i) the oxygenated haemoglobin measured by NIRS was significantly 

higher after intake of blackcurrant concentrate than with placebo until the fourth set of typing work 

and (ii) the viscoelasticity of the trapezius muscle increased significantly after the typing workload in 

the placebo group only, however it was not significantly different between the blackcurrant and 

placebo group. Thus, suggesting that intake of blackcurrant could have improved shoulder stiffness 

caused by typing work by increasing peripheral blood flow and reducing muscle fatigue. 
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performance focused on sprint times and distance covered, but not sprint speed. More studies are 

therefore needed on the effects of NZBC that focus on other aspects of running performance such as 

speed, acceleration, and deceleration to evaluate the effect of NZBC on running performance. The 

most common intervention strategy identified in this review was the intake of NZBC in the range of 

300-900 mg/day for 7 days. It is clear that the acute (single dose) consumption of NZBC can manage 

the oxidative stress mediated by moderate exercise (Hurst et al., 2019) but the effects of acute 

consumption on exercise performance warrants further investigation. Furthermore, while Hurst et al. 

(2019) is the only study to evaluate the effects of a range of doses of NZBC in a single study on 

parameters of bioavailability, antioxidant, pro-oxidant and oxidative stress to define the exact dose 

required, further studies are needed in this aspect and again in the context of performance mediated 

benefits. Additionally, given the different intensities and durations of cardiovascular cycling and 

running exercise regimes and the fitness levels of individuals and the stresses encountered as a result, 

more studies are required to reveal the breadth of benefits of NZBC in the context of managing 

oxidative stress, inflammation and/or exercise performance. These studies should also include with 

their physiological assessment of exercise performance blood markers for acute and chronic 

inflammation, oxidative stress, antioxidant activity, and biomarkers of adaptive defence pathways 

(e.g. Nrf2).  
 

2.9. Conclusions 

NZBC bioavailability studies have shown an increase in plasma anthocyanins levels as early as 30 min 

and peak at 1 to 2 h post consumption. Most studies on cycling and running performance explored 

the effect of 7-day intake of 300, 600, and 900 mg of NZBC extract containing 105, 210, and 315 mg 

of anthocyanins, respectively, with the last dose consumed 1 to 3 h before exercise. The studies on 

cycling reported an increase in fat oxidation, whereas the studies on running reported an increase in 

sprint distance covered and less slowing of sprint during repeated-sprint performance, and faster 

finish time during a 5-km running trial. The mechanism of action for increase in fat oxidation is 

presently rationalised from in vitro and animal studies, thus warrant caution when generalising to 

exercise-based studies. Additionally, there is evidence of NZBC intake increasing blood flow at rest and 

during sustained submaximal isometric contractions, however, there is no evidence to prove that 

NZBC influences the activity of nitric oxide synthase and increases vasodilation and blood flow during 

moderate- to high-intensity exercise. Furthermore, there is evidence to suggest that NZBC may trigger 

the Nrf2 adaptive defence pathway through a pro-oxidant activity which may influence recovery from 

exercise. 
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Abstract 

Background: Intake of New Zealand blackcurrants in the form of juice concentrate, powdered juice 

concentrate, powdered whole fruit, and powdered capsulated anthocyanins extract (NZBC) for 7 days 

has been shown to increase fat oxidation during mixed-intensity cycling exercise in recreationally 

active and trained athletes. Studies have also reported higher plasma glycerol and free fatty acid (FFA) 

levels before exercise which indicated an increase in lipolysis with NZBC intake. However, in these 

studies the last dose was provided 2 h prior to exercise, thus making it unclear if the increase in fat 

metabolism was due to the final dose or the result of the accumulated repeated dosing.  

Aim: To evaluate the effect of a single dose of NZBC powder (12 g) on fat oxidation and FFA levels 

during a 90-min mixed-intensity cycling protocol in recreationally active males. We hypothesised that 

a single dose of NZBC would increase fat oxidation and serum FFA concentration during exercise. 

Methods: Fourteen recreationally active males participated in a double blind, randomised controlled 

crossover study with each trial separated by 7 days. Although only two conditions were being tested: 

(i) placebo (PLA) and (ii) NZBC (12 g, 120 mg of anthocyanins), the trial was repeated four times with 

two trials each for PLA and NZBC (to reduce intra-individual variation). Participants reported to the 

laboratory in the afternoon after observing at least a 3-h fast and consumed one of the study drinks 

1-h before the cycling. Blood samples were taken before, during, and immediately post-exercise to 

measure serum FFA, and substrate utilisation was assessed by indirect calorimetry during exercise. 

Results: Oxygen consumption increased over time (p < 0.001), however it was not significantly 

different between PLA and NZBC treatments (p = 0.150). Fat oxidation and % fat oxidation increased 

over time and were matched with decreased carbohydrate oxidation, % carbohydrate oxidation, and 

respiratory exchange ratio with both PLA and NZBC treatments (p < 0.001), but they were not 

significantly different between treatments (p > 0.05). Furthermore, serum FFA concentration 

increased with time during cycling (p < 0.001) but was not different between treatments (p = 0.113).  

Conclusion: Consumption of a single dose of NZBC powder containing 120 mg anthocyanins had no 

effect on substrate oxidation and serum FFA concentration during mixed-intensity cycling in 

recreationally active males.  

 

Keywords: Polyphenols, substrate partitioning, gas analysis, lipid metabolism, sports, nutrition 
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of NZBC drink containing 120 mg of anthocyanin on substrate oxidation and free-fatty acid levels 

during 90 min of mixed-intensity cycling in recreationally active males.  

This study was part one of a two-part trial evaluating the individual and additive effect of NZBC and 

caffeine intake on high-intensity intermittent running performance in recreationally active males in a 

fatigued-state. The cycling protocol implemented in this study is the muscle glycogen depletion 

protocol, used to cause fatigue in individuals taking part in the running protocol the next day (part 

two).  

3.2. Materials and methods 

3.2.1. Participants 

Fourteen healthy male participants were recruited from football clubs around North Shore, Auckland, 

New Zealand. The characteristics of the participants are described in Table 3.1. Participants were 

recreationally active with experience in team sports with high-intensity intermittent running but were 

not familiar with cycling. Participants were asked to refrain from taking anthocyanin-rich foods 2 days 

before the study and any additional supplements (e.g. vit C) during the study. This study was approved 

by the Massey University Human Ethics Southern A Committee (Ohu Matatika 1; approval number 

21/09) and registered with the Australia New Zealand Clinical Trials Registry (ACTRN12621001394831). 

The participants provided written informed consent before their familiarisation visit and completed a 

medical history questionnaire. 

Table 3.1 Participant characteristics 

Age (years) 29.5 ± 9.3  

Height (cm) 173.0 ± 23.2 

Weight (kg) 76.6 ± 8.0 

Maximum power (Watts) 283.4 ± 31.2 

60% of maximum power (Watts) 170.0 ± 18.7 

Sprint power (Watts) 336.7 ± 35.9 

 

3.2.2. Study summary 

Participants attended the initial familiarisation visit for the assessment of maximum power output, 

and then reported to the lab four times to complete one of the four trials with each visit. The study 

was a double blind randomised controlled crossover study with each trial separated by 7 days. 

Although only two treatments were being tested: (i) placebo (PLA) and (ii) NZBC, the trial was repeated 
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(i.e. USG > 1.020) participants consumed 200 ml of water at every trial to maintain consistency in 

testing procedure.  

Table 3.2 Dietary intake 24 h before experimental visits 

 Placebo NZBC 

Carbohydrate (g/day) 284.5 ± 38.5 276.9 ± 52.2 

Protein (g/day) 138.0 ± 32.5 145.4 ± 31.7 

Fat (g/day) 107.0 ± 29.8 117.5 ± 34.1 

Total energy intake (kcal/day) 2757.0 ± 398.9 2845.0 ± 464.4 

Total energy intake (kJ/day) 11535.3 ± 95.3 11903.5 ± 111.0 
Data reported as mean ± SD from 10 participants (incomplete data from 4 participants) 

3.2.6. Cardiovascular measures 

Participants were asked to remain in a supine position for assessment of blood pressure and heart 

rate (Omron, Healthcare CO. Ltd.; Kyoto, Japan) and stroke volume and systemic vascular resistance 

(Uscom 1A, Uscom Ltd, Sydney, Australia). The assessment was done at baseline and at 1-h after study 

treatments or samples were consumed.  

3.2.7. Intervention 

After completing baseline cardiovascular measures, participants consumed either 12 g of NZBC 

powder or placebo mixed with 100 ml of water. The placebo (PLA) contained the same quantity of 

maltodextrin as NZBC powder with added fructose, glucose, and colour to match the nutritional value 

and apperance of NZBC powder (Table 3.3). Both placebo and the study NZBC powder were supplied 

by the study sponsor. Appendix 2.11 describes the randomisation for the study.  

Table 3.3 Nutritional value of the NZBC powder and placebo (12 g) 

 NZBC Placebo 

Energy (kJ) 188 188 
Energy (kcal) 45 45 

Total carbohydrates (g) 10.3 10.3 
Total added sugar (g) 4.5 10.3 

Vitamin C (mg) 70 0 
 Anthocyanins (mg) 120 0 

* % Daily Values are based on a 2000 calorie diet; n/a Daily Value not established  
Other ingreidents: Maltodextin, monk fruit extract, natural flavours (No added colors or preservatives) 
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 Figure 3.1 Study design to evaluate the effect of NZBC (containing 120 mg of anthocyanins) on 

substrate oxidation during moderate-intensity cycling trial. 
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3.3. Results 

3.3.1. Substrate oxidation during cycling 

Oxygen consumption increased over time with both PLA and NZBC intake (p = 0.013) but was not 

different between treatments (p = 0.469). There was a gradual increase in energy expenditure 

followed by a decrease at the 60-min time-point in both PLA and NZBC trials (p = 0.014). However, 

there was no effect of treatment and interaction effect for treatment*time for oxygen consumption 

and energy expenditure (Table 3.4, Figure 3.2).  

Fat oxidation and % fat oxidation increased over time with a matched decrease in carbohydrate 

oxidation, % carbohydrate oxidation, and respiratory exchange ratio (RER) with both PLA and NZBC 

intake (p < 0.001), however, they were not different between treatments (p = 0.345, p = 0.344, p = 

0.288, p = 0.344, and p = 0.477). There was no interaction effect for treatment*time for fat oxidation, 

carbohydrate oxidation, and respiratory exchange ratio (Table 3.4, Figure 3.3). 
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Figure 3.2 (A) Oxygen consumption, (B) respiratory exchange ratio, and (C) energy expenditure during 90 min of cycling following a single dose of placebo and NZBC 

powder. Values are presented as mean ± SD. n = 11 
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Figure 3.3 (A) Fat oxidation (kcals/min), (B) Fat oxidation (%), (C) carbohydrate oxidation (kcals/min), and (D) carbohydrate oxidation (%) during 90 min of cycling following 

a single dose of placebo and NZBC powder. Values are presented as mean ± SD. n = 11 
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3.3.3. Heart rate  

Heart rate increased over time (p < 0.001) during cycling, however it was not different with the intake 

of NZBC and PLA. Additionally, no interaction effect for treatment*time was observed for both 

treatments (Table 3.6). 
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(iii) (iv) 

Figure 3.5 Circumplex model of affect in (A) Placebo and (B) NZBC trials based on feeling scale and felt arousal scale ratings (1) 1-hour post supplement, (2) 30 min after cycling, 
(3) post 3 x 50-s sprints, and (4) 45 min after sprints. Roman numerals indicate various activation and pleasure states: (i) high arousal and displeasure (e.g. anger); (ii) high 
arousal and pleasure (e.g. vigour); (iii) low arousal and displeasure (e.g. boredom or fatigue); (iv) low arousal and pleasure (e.g. calm). 

(i) (ii) 

(iii) (iv) 
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3.4. Discussion 

This was the first study to evaluate the effects of an acute intake of NZBC containing 120 mg 

anthocyanins on substrate metabolism and FFA concentration during a 90-min mixed-intensity cycling 

protocol. The study found that the intake of a single dose of NZBC did not influence substrate oxidation 

and serum FFA concentration during mixed -intensity cycling in recreationally active males.  

The study observed no differences in fat oxidation, carbohydrate oxidation, and respiratory exchange 

ratio (RER) during exercise, with the intake of NZBC. The RER was high at the beginning of the trial and 

stayed consistently high throughout the trial with both NZBC and PLA intake. It is possible that the 

CHO content of the meal consumed 3 h prior to reporting to the laboratory and of the PLA and NZBC 

powder (10 g) ingested 1 h before exercising, affected the RER values throughout the trial. The intake 

of CHO 3-4 h prior to exercise can blunt fatty acid oxidation during the exercise in detriment of CHO, 

and increase the RER values (Ormsbee et al., 2014; Rothschild et al., 2022). This could be due to the 

inhibitory effects of insulin on lipolysis, and stimulation of glucose uptake and oxidation (Ormsbee et 

al., 2014; Rothschild et al., 2022), which persist even after the insulin levels return to basal values 

before exercise (Coyle et al., 1985). Thus, masking the effect of NZBC intake on fat oxidation and 

leading to higher RER throughout the trial. This may have also interfered with the increase in reliance 

of fat oxidation as the trial progressed. Furthermore, the muscle glycogen depletion protocol used in 

our study could have been too anaerobically intense for our recreationally active participants as ~80% 

of them were football players, unaccustomed to mixed-intensity intermittent cycling. Intense bouts of 

activity have been shown to increase the reliance on anaerobic metabolism and lead to acidosis, 

promoting the formation of non-oxidative CO2 when H+ is buffered by HCO3-. This could have also 

increased the RER values (Jeukendrup & Wallis, 2005).  

In contrast, four studies reported a significant increase in fat oxidation during moderate-intensity 

exercise in trained and recreationally active individuals following the consumption of 300, 600, and 

900 mg/day NZBC (containing 105, 210, and 315 mg of anthocyanins) for 7 days in both fed (breakfast 

2-h prior to exercise) and fasted states (Cook et al., 2015; Cook, Myers, Gault, Edwards, et al., 2017; 

Hiles et al., 2020; Strauss et al., 2018). Therefore, it is possible that a 7-day intake of NZBC is necessary 

to increase fat oxidation during moderate and mixed-intensity exercise.  

Furthermore, our results did not report an increase in serum FFA concentration with 12 g of NZBC 

intake (containing 120 mg anthocyanins) during exercise. This result is inconsistent in comparison to 

the increase in the pre-exercise serum FFA concentration reported by Strauss et al. (2018) following 

the intake of 600 mg/day of NZBC for 7 days (210 mg anthocyanins/day). However, the comparison of 

our study to that of Strauss et al. (2018) is limited as Strauss et al. (2018) only evaluated serum FFA 
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their cardiovascular assessement (and consumed 200 ml of water at every exercise visit to maintain 

consistency in testing procedure). The USG test was followed by assessment of cardiovascular 

measures and consumption of the study drink along with breakfast. Cardiovascular measures were 

reassessed one hour later and this was followed by a standardised 10-min warm-up and the m-LIST 

protocol. Ambient temperature (19.0 to 21.0 °C) and humidity (PLA: 65 to 75 %) were similar between 

experimental trials.    

4.2.7. Cardiovascular measures 

Participants were asked to remain in a supine position for assessment of blood pressure and heart 

rate (Omron, Healthcare CO. Ltd.; Kyoto, Japan) and stroke volume and systemic vascular resistance 

(Uscom 1A, Uscom Ltd, Sydney, Australia). The assessment was carried out at baseline, 1-h after study 

drinks were consumed, and 1-h after completion of exercise. Heart rate was also assessed through-

out the m-LIST protocol using a heart rate monitor (Polar M200, Polar, Finland). 

4.2.8. Intervention 

After completing baseline cardiovascular measures, participants consumed either 24 g of NZBC 

powder with or without 240 mg of caffeine or placebo mixed with 200-ml of water. The placebo (PLA) 

contained the same amount of maltodextrin as NZBC powder with added fructose, glucose, and colour 

to match the nutritional value and appearance of the NZBC powder (Table 4.2). For the caffeinated 

versions of the same NZBC and PLA powders, 240 mg of caffeine was added (Table 4.3). All four 

powders were supplied by the study sponsor. Appendix 2.11 describes the randomisation for the 

study. 

Table 4.3 Nutritional Content of NZBC, caffeinated NZBC, caffeinated placebo, and placebo powder 

(24g) 

 NZBC Powder Caffeinated  
NZBC Powder 

Caffeiante 
Placebo 
Powder 

Placebo 
Powder 

Energy (kJ) 377 377 377 377 
Energy (kcals) 90 90 90 90 

Total carbohydrates (g) 20.6 20.6 20.6 20.6 
Total added sugar (g) 9 9 20.6 20.6 

Vitamin C (mg) 140 140 0 0 
Anthocyanins  (mg) 240 240 0 0 

Caffeine (from green coffee 
beans) (mg) 0 240 240 0 

 

* % Daily Values are based on a 2000 calorie diet; n/a Daily Value not established; Other ingredients: Maltodextin, monk 
fruit extract, natural flavours (No added colours or preservatives) 





81 

 

Figure 4.1 Schematic representation of A) the overall experimental protocol and B) the Loughborough Intermittent Shuttle Running Test 
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Figure 4.2 Circumplex model of affect in (A) placebo (PLA) and (B) NZBC trials based on feeling scale and felt arousal scale ratings at B - baseline, 1 - block 1, 2 - block 2, 3 - block 3, 4 - 
block 4, 5 - block 5, 6 - block 6, E - end of exercise. Quadrants indicate various activation and pleasure states: (i) high arousal and displeasure (e.g. anger); (ii) high arousal and pleasure 
(e.g. vigor); (iii) low arousal and displeasure (e.g. boredom or fatigue); (iv) low arousal and pleasure (e.g. calm). 

(i) (ii) 

(iii) (iv) 

(i) (ii) 

(iii) (iv) 
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Figure 4.3 Circumplex model of affect in (A) caffeine (CAFF) and (B) NZBC + caffeine (NZBC + CAFF) trials based on feeling scale and felt arousal scale ratings at B - baseline, 1 - block 1, 2 - 
block 2, 3 - block 3, 4 - block 4, 5 - block 5, 6 - block 6, E - end of exercise. Quadrants indicate various activation and pleasure states: (i) high arousal and displeasure (e.g. anger); (ii) high 
arousal and pleasure (e.g. vigor); (iii) low arousal and displeasure (e.g. boredom or fatigue); (iv) low arousal and pleasure (e.g. calm). 
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Figure 4.4 Changes in ratings of perceived exertion (mean ± SD) for placebo (PLA), NZBC, caffeine (CAFF), and NZBC + caffeine (NZBC-
CAFF) trials from blocks 1 to 6 during modified Loughborough intermittent Shuttle Test. *Significantly lower in NZBC-CAFF group and CAFF 
group compared to the PLA group. 
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Figure 4.5 Plasma concentration of (A) paraxanthine and (B) theophylline (mean ± SD) for placebo (PLA), NZBC, caffeine 
(CAFF), and NZBC + caffeine (NZBC + CAFF) trials at baseline, 1-h after consuming the study drink, and immediately after 
exercise. *significantly higher in NZBC + CAFF group and CAFF group compared to NZBC and PLA group at that timepoint.  
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Figure 4.6 Plasma caffeine concentration (mean ± SD) for placebo (PLA), NZBC, caffeine (CAFF), and NZBC + caffeine 
(NZBC + CAFF) trials at baseline, 1-h after consuming the study drink, and immediately after exercise. *significantly 
higher in NZBC + CAFF group and CAFF group compared to NZBC and PLA group at that timepoint. 
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4.4. Discussion 

This is the first study to evaluate the individual and additive effects of a single dose of New Zealand 

blackcurrant powder and caffeine intake on repeated-sprint performance in a fatigued state. Our 

study found that intake of NZBC-CAFF did not reduce slowing of sprint speed during blocks 5 and 6 of 

the m-LIST protocol. However, we observed an effect on treatment on average sprint speed (p = 

0.049), with pairwise comparison demonstrating that NZBC-CAFF sustained higher average sprint 

speed compared to NZBC during the m-LIST protocol (p = 0.025). Furthermore, we observed a trend 

for CAFF (p = 0.059) and NZBC-CAFF (p = 0.061) treatments to sustain higher average sprint speeds 

compared to NZBC during the m-LIST protocol. 

The average sprint speed in our study decreased as the m-LIST protocol progressed from blocks 1 to 

6, indicating the occurrence of fatigue in our participants. However, it did not differ between the four 

treatments. Intake of NZBC-CAFF showed a higher average sprint speed compared to NZBC (p = 0.025) 

and there was a trend for CAFF (p = 0.059) and NZBC-CAFF (p = 0.061) treatments to sustain higher 

average sprint speeds compared to NZBC (but not PLA) during the m-LIST. The results for sprint 

performance from our study are consistent with the study by Paton et al. (2022) that found no 

significant additive effects of a single dose of NZBC containing 155 mg anthocyanins and 4 mg/kg body 

weight of caffeine intake on performance in trained male cyclists during repeated high-intensity 

cycling. Similarly, Paton et al. (2022) reported that acute intake of NZBC provided no benefit to 

exercise performance, critical speed, and time to exhaustion during high- intensity running.   

At present, there is limited published information available on the acute effect of NZBC intake on 

running performance. Intake of a single dose of 900 mg NZBC has demonstrated a faster completion 

time during a 5-km time-trial in trained runners (Moss et al., 2023). In contrast, the effect of NZBC 

intake (300 mg/day) on exercise capacity has been more commonly evaluated using a 7-day loading 

period (Perkins et al., 2015; Willems et al., 2016). The study by Willems et al. (2016) observed a non-

significant 15% increase in time to exhaustion in 8 out of 13 participants during Part B of the LIST 

(alternating run and jog until volitional fatigue) with NZBC intake. The study by Perkins et al. (2015) 

also reported a 10.6% increase in distance covered during an incremental high-intensity intermittent 

running test protocol until exhaustion with NZBC intake. Thus, it is possible that the ergogenic effects 

of NZBC intake on running performance could be associated with exercise capacity (i.e. time to 

exhaustion and time-trial) rather than a repeated-sprint performance trial that focuses on sprint speed 

(i.e. m-LIST). Also, a 7-day loading period for NZBC intake could be necessary to show improvements 

in intermittent running protocols. 
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The outcome of an intervention in a sports-performance trial could be influenced by (i) dose and 

duration of the study intervention, (ii) duration and intensity of the exercise protocol that lead to 

fatigue, and (iii) rested vs. fatigued-state of the participant at the start of exercise. Intake of NZBC-

CAFF showed a higher average sprint speed compared to NZBC during the m-LIST protocol (p = 0.025) 

and there was a trend for CAFF (p = 0.059) and NZBC-CAFF (p = 0.061) treatments to sustain higher 

average sprint speeds compared to NZBC, which indicated that caffeine may have helped sustain 

higher sprint speeds. Conversely, Willems et al. (2016) and Perkins et al. (2015) observed less slowing 

of the fastest maximal sprint during block 5 of LIST and a trend for reduced slowing of the sprint 5 out 

of 6 x 35-m sprints with the consumption of 300 mg/day (105 mg anthocyanins) of NZBC for 7 days, 

respectively. Furthermore, intake of 3.7 mg/kg caffeine (~260 mg for a 70 kg participant) showed a 

decrease in slowing of the repeated-sprints in the last three blocks of the m-LIST (Gant et al., 2010). 

Hence, it is possible that although intake of caffeine in our study (240 mg) was similar to that by Gant 

et al. (2010), the single-dose of NZBC alone and with caffeine was inadequate to show an effect on 

repeated-sprint performance during high-intensity intermittent exercise. Thus, intake of NZBC for 7 

days could be necessary to see an improvement in sprint performance. 

When considering an overall change in sprint performance, intake of 600 mg/day of NZBC for 7 days 

had no effect on maximum, minimum, and mean sprint time in the study by Godwin et al. (2017) and 

intake of 300 mg/day for 7 days did not affect the average sprint times in each block in the study by 

Willems et al. (2016). This is consistent with the results from our study, as we reported changes in 

average sprint speed as overall performance per block and observed only a significant difference with 

NZBC-CAFF showing a higher average sprint speed compared to NZBC during the m-LIST protocol (p = 

0.025). Thus, the positive outcomes mentioned earlier i.e. reduced slowing of the fastest sprint 

between block 1 and 5 (Willems et al., 2016), the trend for reduced slowing of the sprint 5 out of 6 x 

35-m sprints (Godwin et al., 2017), and the results from our study may be considered as isolated 

results.   

Fatigue typically develops rapidly after the first sprint and manifests as a reduction in maximal speed 

during repeated-sprint performance (Girard et al., 2011). Exercise parameters such as (i) longer 

duration of the exercise and increased number of sprints and (ii) periods of active recovery (compared 

to passive recovery) can increase fatigue (Girard et al., 2011). Our protocol evaluated changes in sprint 

speed performance during the 90-min m-LIST protocol with at least ~62-64 x 15-m sprints and 

recurring periods of active recovery (600-660 m of walking, running, and jogging per 15-min block) 

after a single-dose of NZBC-CAFF intake. The studies by Godwin et al. (2017) and Willems et al. (2016) 

observed changes in sprint performance in shorter duration protocols with passive/active recovery 

after the intake of NZBC for 7 days. Thus, it is possible that a single dose of NZBC-CAFF was also 
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5.1. Introduction 

Football (soccer) consists of repeated periods of running, sprinting, and recovery, and thus, is 

considered a high-intensity intermittent running sport. The number of repeated sprints and periods 

of high-intensity running vary from game to game due to field position and competition level (Brito et 

al., 2024). Repeated sprints also lead to fatigue, which is defined as the failure to maintain the intensity 

of a given effort over time (Brito et al., 2024). Fatigue is influenced by the type of muscle contraction, 

duration, frequency, and intensity of the game, physiological and training status of the athlete, and 

environmental conditions (Brito et al., 2024). Several laboratory protocols such as the Loughborough 

Intermittent Shuttle-running Test (LIST; for assessment of exercise capacity) (Nicholas et al., 2000), 

modified-Loughborough Intermittent Shuttle-running Test (m-LIST; for assessment of endurance 

performance) (Ali et al., 2014), 90-min soccer-specific aerobic field test (SAFT-90) (Small et al., 2010), 

and ball-sport endurance and speed test (BEAST) (Williams et al., 2010) have been designed to 

replicate the demands of high-intensity intermittent sports, such as football. This allows for the type, 

intensity, and duration of the exercise to be manipulated and performed in a neutral environment, 

which enables a controlled assessment of the effect of fatigue on repeated-sprint performance, and 

provides a model to evaluate interventions designed to reduce fatigue. 

Running and sprint performance during laboratory based protocols are commonly assessed using 

methods such as fully automatic timing systems, sprint gates, floor pods, global positioning system 

(GPS), and laser and radar devices, with considerable variation between methods (Haugen & Buchheit, 

2016). At present, both professional sport and academic institutes use sprint gates and GPS to 

evaluate running and sprint performance in football players.  

The LIST and the m-LIST protocols that simulate repeated-sprint and running performance for high-

intensity intermittent team sports such as football, use four sprint gates and a custom-made mobile 

application to record the split times (Ali et al., 2014). Both the LIST and m-LIST have previously been 

used to assess muscle damage and fatigue during simulated football (Chou et al., 2021) as well as 

effectiveness of a sports supplement such as caffeine (Ali et al. (2007) and New Zealand blackcurrant 

products (Willems et al., 2016) on repeated-sprint performance during intervention trials. Sprint gates 

consist of infrared photoelectric cells that measure time and calculate speed and reaction time from 

split times (Ali et al., 2014), and thus cannot assess other biomechanical and kinematic sprint variables 

such as acceleration, deceleration, stride length, ground contact time that determine performance. 

Changes in these parameters are crucial, as even small performance margins can significantly 

influence competitive outcomes (Christensen et al., 2017). Despite the shortcomings, sprint gates are 

preferred for intervention studies on sports performance as they can be used in a controlled set-up 

such as a sports hall, an indoor training pitch, or a laboratory. On the other hand, GPS relies on using 
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satellite support to monitor activity and is used during training and matches that take place on-field 

only (Larsson, 2003). GPS can assess more variables such as distance covered, mean and maximum 

speed, acceleration and deceleration, impact, and body load (Cummins et al., 2013), however, the 

assessment of acceleration and deceleration using 1- and 5-Hz GPS units have been found to be 

inaccurate (Cummins et al., 2013).  

Acceleration and deceleration are components of running, sprinting, and change of direction, and 

thus, are important factors of physical performance during a football game. For example, an ~0.8% 

decrease in sprint speed would increase the chances of a player to lose possession against the 

opponent, when both players race for the ball (Paton et al., 2001). While acceleration and deceleration 

influence the performance and the outcome of the play, they also expose players to high levels of 

mechanical stress to the musculoskeletal system and thus contribute to muscle damage and/or muscle 

soreness (Vanrenterghem et al., 2017). High-intensity decelerations, in particular, involve rapid 

decreases in momentum that generate high impact peaks and loading rates on the muscles and 

connective tissues (Harper & Kiely, 2018). Thus, being able to incorporate sprint variables such as 

maximum speed, peak sprint speed, acceleration, deceleration, and load during the performance 

testing would help collect a data set which evaluates several parameters of sprint performance and 

fatigue as well as mechanical loading that contributes to tissue damage and neuromuscular fatigue.   

Use of smart insole-embedded smart inertial measurement units (IMUs) is gaining popularity in the 

sports performance industry. According to the manufacturers of the IMUs, their accelerometery 

technology has taken the best elements of GPS (speed bands and load) and kinematic analysis (step-

by-step stride asymmetries and ground contact times) and provides variables similar to motion 

capture and dual force plate systems. Thus, it is best suitable for on-field assessments for running and 

jumping for team sports such as basketball and football.  

In order to measure the aforementioned sprint variables that the photocells cannot assess during 

football simulation tests such as the m-LIST, and also, in an environment where GPS cannot be used 

(within a laboratory), we evaluated the feasibility of incorporating an insole-embedded smart inertial 

IMU system in our study. Our study used the m-LIST to explore the individual and additive effects of 

New Zealand blackcurrant powder (NZBC) and caffeine intake on high-intensity intermittent exercise 

performance. The smart IMU system consisted of IMUs embedded in insoles that measured 

accelerations and rotations of the feet and was used to track maximum speed, peak sprint speed, peak 

acceleration, peak deceleration, and total load during the individual blocks of the m-LIST protocol. We 

also assessed if the IMU system could detect subtle differences in sprint and running performance in 

recreationally trained games players with NZBC and caffeine intake.  
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The insoles measure accelerations and rotations of the feet and can measure multiple metrics such as 

walk, run, consecutive countermovement jump, and more. For our study, run metrics was selected to 

assess sprint performance during the m-LIST protocol and it evaluated maximum speed, average peak 

sprint (average of top speed achieved during sprints), peak acceleration, peak deceleration, stride 

length, and total load among many variables during indvidual blocks.  

5.2.10. Components of IMU system 

The IMU system consists of four components namely, inertial measurement units (pods), insoles, 

docking station, and a web platform.  The pods, insoles, and the docking station come in the travel 

safe case that allow pods to be in a sleep mode.  

 

i. Inertial Measurement Units (pods) 

The IMUs (sized 35.4mm x 28.8mm x 3.6mm) are the sensors 

that get embedded into the insoles and collect data samples at 

416 Hz frequency using the 6-axis inertial measurement unit 

technology. They are time synchronised, water and impact 

resistant and have an 8-h recording time with local storage.  

 

ii. Insoles  

Insoles are made using supportive ethylene-vinyl acetate 

copolymer foam and can be trimmed to fit custom sizing. Insoles 

help maintain consistent sensor placement for recording data during 

testing.  

 

iii. Docking station 

The docking station establishes a physical connection to charge the 

pods and upload data after recording. It also enables both functions 

of charging and uploading simultaneously. The onboard LEDs 

indicate charge and upload status (e.g. green LEDs signify that the 

pods have uploaded all stored data and are fully time synched and 

charged).  

 

Figure 5.1 Inertial 
measurement units (pods) 

Figure 5.2 IMU insoles 

Figure 5.3 IMU docking 
station 
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 Figure 5.5 Dividing the participant report on the web platform to create individual data sets for each block: (A) data 
obtained from a full 90-min running trial (B) dividing the trial into 6 blocks (C) expanding a block to identify and evaluate 
a cycle (D) expanding a cycle to obtain the Peak Sprint Speed. 
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Figure 5.6 Changes in (A) maximum sprint speed and (B) average peak sprint speed (mean ± SD) for placebo (PLA), NZBC, caffeine (CAFF), and NZBC + caffeine (NZBC-CAFF) trials from blocks 
1 to 6 during modified Loughborough intermittent Shuttle Test. (A) Significantly higher in CAFF group compared to NZBC group and (B) significantly higher in CAFF and PLA group compared 
to NZBC group. 

 

Time effect (p = 0.041) Time effect (p = 0.013) 
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Figure 5.7 Changes in (A) acceleration and (B) deceleration (mean ± SD) for placebo (PLA), NZBC, caffeine (CAFF), and NZBC + caffeine (NZBC-CAFF) trials from blocks 1 to 6 during 
modified Loughborough intermittent Shuttle Test. (B) significantly higher in NZBC-CAFF, CAFF, and PLA group compared to NZBC group 

Treatment effect (p = 0.027) 
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5.3.3. Assessment of mechanical load 

There was no effect of time, treatment, and treatment*time for total, left leg, and right leg total load 

and intensity (Table 5.4).  
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research should focus on testing the reliability and validity of using IMUs to assess running 

performance during the m-LIST to improve the quality and quantity of data collected during a 

laboratory-based protocol. 

5.6. Conclusions 

We found that maximum speed and average peak sprint speed decreased as the trial progressed for 

all treatment. We also observed higher peak deceleration with CAFF treatment. This suggesting that 

incorporating IMUs during the m-LIST could provide insights to multiple biomechanical and kinematic 

sprint variables such as acceleration, deceleration, stride length, and ground contact time and identify 

differences in performance after the consumption of a single dose of NZBC with and without caffeine 

during repeated sprints intermittent exercise. More research is needed to test the reliability and 

validity of using IMUs to assess running performance during the m-LIST.  
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gait patterns and load during the m-LIST protocol helps evaluate running performance as well as 

mechanical loading that contributes to tissue damage and neuromuscular fatigue.   

Assessment of acceleration and deceleration can be considered crucial for team sports as frequency 

of high-intensity accelerations and decelerations has shown to have a significant impact on match 

performance outcomes in competitive football (Rhodes et al., 2021). According to the data collected 

using GPS, the highest number of high-intensity accelerations and decelerations were observed during 

winning games across a 45-game competitive season (Rhodes et al., 2021). Repeated-sprints 

performed during team sports are more complex than a single burst of acceleration and deceleration. 

A review by Haugen et al. (2014) reported that players perform 8 times as many accelerations 

compared to sprints per match during elite level football games. This could be because the absolute 

sprint values excluded short accelerations from analysis, primarily due to some periods of 

accelerations not crossing the high-intensity running and sprinting threshold. Thus, incorporating 

methods such as an insole embedded IMU system that capture the acceleration throughout the game 

would improve the understanding of repeated-sprint performance.  

The m-LIST is a laboratory-based protocol to replicate demands of high-intensity intermittent running 

sports such as football in a controlled environment (Ali et al., 2014). We incorporated the IMUs in 

during the m-LIST protocol of our intervention study that evaluated the effect of NZBC and caffeine 

intake on repeated-sprint and running performance. We aimed to assess the use of IMUs to evaluate 

multiple variables such as maximum speed, peak sprint speed, peak acceleration, peak deceleration, 

gait patterns and mechanical load for in-depth analysis of sprint performance during each individual 

block of the m-LIST protocol. As the trial progressed from blocks 1 to 6 there was a decrease in 

maximum speed, average peak sprint speed, and peak deceleration for all four treatments, all markers 

of exercise-induced fatigue. However, CAFF treatment sustained higher peak deceleration values 

compared to other treatments. However, it underestimated the distance covered by ~16% during each 

individual block. The IMUs were also able to identify differences between experimental interventions. 

This shows that the smart insole system could (i) assess multiple biomechanical and kinematic 

variables in each individual block and (ii) was sufficiently sensitive to detect the differences in the 

expected decrease in speed, acceleration and deceleration during m-LIST with NZBC and caffeine 

intake, both indicative of fatigue and a subsequent impairment in repeated-sprint performance.   

Key takeaways: The IMUs are a feasible tool to assess biomechanical and kinematic sprint variables 

including acceleration, deceleration, stride length, ground contact time, and mechanical load, that 

determine repeated-sprint and running performance and fatigue during laboratory-based protocols 

such as the m-LIST. Since the m-LIST protocol replicates the physical demands of football, there is the 
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Appendix 1: Publication, presentations, and awards list  

 

Peer-reviewed journal publication 

Nanavati, K., Rutherfurd-Markwick, K., Lee, S.J. et al. Effect of curcumin supplementation on 
exercise-induced muscle damage: a narrative review. European Journal of Nutrition (2022)  

Poster and oral presentation 

November 2023 | Nutrition Society of New Zealand and Nutrition Society Australia Conference, 
New Zealand (in-person)  
Poster Presentation - Effect of Acute Supplementation with New Zealand Berry Anthocyanin-
enriched Drink on Repeated Sprint Performance in Recreationally Active Males  

September 2023 | 2nd Makassar International Conference on Sport Science & Health (MICSSH), 
Indonesia (online)  
Oral Presentation - Use of a Smart Insole System (Plantiga) for Gait Analysis During Free-Running 
Movement 

Awards 

Winner of Poster Presentation at Nutrition Society of New Zealand Conference (2023) (NZD 500). 

Winner of Massey University Visualize Your Thesis Competition (2020) (NZD 1000) and represented 
Massey University at the International level. 
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Appendix 2: Study documents 

Appendix 2.1 - Ethics approval letter  
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Appendix 2.2 - Study recruitment poster 
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Compensation for Injury 

If physical injury results from your participation in this study, you should visit a treatment provider to 
make a claim to ACC as soon as possible. ACC cover and entitlements are not automatic and your 
claim will be assessed by ACC in accordance with the Accident Compensation Act 2001. If your claim 
is accepted, ACC must inform you of your entitlements, and must help you access those entitlements. 
Entitlements may include, but not be limited to, treatment costs, travel costs for rehabilitation, loss 
of earnings, and/or lump sum for permanent impairment.   Compensation for mental trauma may 
also be included, but only if this is incurred as a result of physical injury. 

If your ACC claim is not accepted, you should immediately contact the researcher.  The researcher 
will initiate processes to ensure you receive compensation equivalent to that to which you would 
have been entitled had ACC accepted your claim. 
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Appendix 2.4 - Health screening questionnaire and consent form 

 

 

 

 

INDIVIDUAL AND ADDITIVE EFFECTS OF BLACKCURRANT JUICE AND CAFFEINE 
INTAKE ON HIGH INTENSITY INTERMITTENT EXERCISE PERFORMANCE 

Health Screening Questionnaire and Consent Form 

 
Name:______________________________________________________________ 

 

Address: ____________________________________________________________ 

 

Phone: _______________________________ 

 

Age: ________________ 

 

Gender:______________ 

 

Please read the following questions carefully.  If you have any difficulty, please advise the medical practitioner, nurse or 
exercise specialist who is conducting the exercise test.  

 

Please answer all of the following questions by ticking only one box for each question: 

 

The questions are based upon the Physical Activity Readiness Questionnaire (PAR-Q), originally devised by the British 
Columbia Dept of Health (Canada), as revised by 1Thomas et al. (1992) and 2Cardinal et al. (1996), and with added 
requirements of the Massey University Human Ethics Committee.  The information provided by you on this form will be 
treated with the strictest confidentiality.  

 

Q 1. Has your doctor ever said that you have a heart condition and that you should only do physical activity recommended 

by a doctor? 

 Yes  No 

 

Q 2. Do you feel a pain in your chest when you do physical activity? 

Yes  No 
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Q 3. In the past month have you had chest pain when you were not doing physical activity? 

 Yes  No 

 

Q 4. Do you lose your balance because of dizziness or do you ever lose consciousness? 

 Yes  No 

 

Q 5. Is your doctor currently prescribing drugs (for example, water pills) for your blood pressure or heart condition? 

 Yes  No 

 

Q 6. Have you been hospitalised in the past few months? 

 Yes No 

 

Qu 7. Do you have a bone or joint problem (for example, back, knee or hip) that could be made worse by a change in your 

physical activity? 

 Yes     No 

 

Qu 8. Have any immediate family had heart problems prior to the age of 60? 

 Yes  No 

 

Qu 9. Do you have any issues with having your blood taken? 

            Yes No 

 

Qu 10. Do you have any infectious disease that may be transmitted in blood? 

 Yes No 

 

Qu 11. Do you have any issues wearing a face mask while sitting at rest? 

            Yes         No 

 

Qu 12. Do you have any allergic reactions, or issues consuming berry or blackcurrant products? 

            Yes         No 
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Qu 13. Do you have any allergic reactions, or issues consuming caffeine?  

             Yes         No 

 

 

I have read, understood and completed this questionnaire.  

 

Signature (Participant): ________________________________________   Date: ___________________ 

 

References 

1. Thomas S, Reading J and Shephard RJ. Revision of the Physical Activity Readiness Questionnaire (PAR-Q). Can J 

Sport Sci 17(4): 338-345.  

2. Cardinal BJ, Esters J and Cardinal MK. Evaluation of the revised physical activity readiness questionnaire in older 

adults. Med Sci Sports Exerc 28(4): 468-472 
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CONSENT FORM 

2Before Study -Individual and additive effects of blackcurrant juice and caffeine intake on high 
intensity intermittent exercise performance 

Please tick to indicate you consent to the following 

 

I have read and I understand the Participant Information Sheet.   o  

I have been given sufficient time to consider whether or not to participate 
in this study. o  

I have had the opportunity to use a legal representative, whanau/ family 
support or a friend to help me ask questions and understand the study. o  

I am satisfied with the answers I have been given regarding the study and I 
have a copy of this consent form and information sheet. o  

I understand that taking part in this study is voluntary (my choice) and that 
I may withdraw from the study at any time without this affecting my 
medical care. 

o  

I consent to the research staff collecting and processing my information, 
including information about my health. o  

If I decide to withdraw from the study, I agree that the information 
collected about me up to the point when I withdraw may continue to be 
processed. 

Yes o No o 

I agree to an approved auditor appointed by the New Zealand Health and 
Disability Ethics Committees, or any relevant regulatory authority or their 
approved representative reviewing my relevant medical records for the 
sole purpose of checking the accuracy of the information recorded for the 
study. 

o  

I understand that my participation in this study is confidential and that no 
material, which could identify me personally, will be used in any reports on 
this study. 

o  

I understand the compensation provisions in case of injury during the 
study. o  

I know who to contact if I have any questions about the study in general. o  

I understand my responsibilities as a study participant. o  

I wish to receive a summary of the results from the study. Yes o No o 
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Appendix 2.5 - List of foods to avoid before the trial 

 

 

 
 

Individual and additive effects of blackcurrant juice and caffeine intake on 
high intensity intermittent exercise performance 

List of foods to avoid for at least 2 days before the experimental sessions 
 

Here is a list of common foods that are high in caffeine, or nutritional polyphenolic compounds and 
antioxidants. We ask you to avoid eating these foods for at least 2 days before and during each 
experimental session of the study. 

 

Fruit and fruit juice: 

Blackcurrants, Plums, Blackberries, Blueberries, Cherries, Kiwifruit, Cranberries, Figs, Avocado, 
Raspberry, Strawberry, Grapes (black & red), Apples (red & green), Citrus fruit (oranges, grapefruit, 
lemons) 

 

Vegetables and vegetable juice: 

Aubergine, Beans (red, kidney), Beetroot, Onion (red), Cabbage (red), Olives (black), Broccoli (purple), 
Corn (purple), Potato/sweet potato (red, purple), Rice (red, black/purple) 

 

Miscellaneous: 

Coffee, Energy drinks, Wine (red), Tea (black & green), Chocolate (dark) 

 

Dietary supplements: 

Please avoid all supplements especially those claiming antioxidant or anti-inflammatory activity and 
containing berries, green tea extract, quercetin, resveratrol, vitamin C and vitamin E 

 

If you have any queries about other foods that you may eat as part of your normal diet please ask. 
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How to Estimate Your Portion Size 

 

Meat 

Three (3) ounces of meat are about the size and 
thickness of a deck of playing cards or an 
audiotape cassette. 

 

 

 

Fruit 

A medium apple or peach is about the size of a 
tennis ball. 

 

 
Grains 

One cup of rice or pasta is about the size of your 
fist. 

 

 

Cheese 

One ounce of cheese is about the size of four 
dice. 

 

 

Two-Day Food Record Checklist 

Beverages 
What kind of milk? homogenised, 2%, 1%, skim, other. 

Was it fruit juice or fruit beverage or drink? 

Breads Did you spread on butter or margarine? 

Cereal Did you add milk? Did you add sugar or fruit? 

Dairy What brand or kind of yogurt? What brand or kind of cheese? 

Vegetables 
Was it raw or cooked? Was it fresh, frozen or canned? 

Did you add any butter, margarine or sauce? 

Fruit Was it a small, medium or large fruit? Was it fresh, frozen or canned? 

Grains 

Did you add any butter, margarine, peanut butter, jam or honey? 

Was it a half or whole sandwich? 

Was it a small or large muffin or bagel? 

Fish 
Was your canned fish packed in water or oil 

How did you cook your fish? 

Meats How did you cook your meat? 
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Appendix 2.7 - Data collection sheet for cycling and running trials 
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Block 4 FS FAS RPE Blood lactate CJM 

      

Provided with 2 ml.kg-1 fluid every 15 minutes:  _________ 

Block 5 FS FAS RPE Blood lactate CJM 

      

Provided with 2 ml.kg-1 fluid every 15 minutes:  _________ 

Block 6 FS FAS RPE Blood lactate CJM 

      

Provided with 2 ml.kg-1 fluid every 15 minutes:  _________ 

 

Post: Collect 10ml blood sample (90 mins) 

Weight 
BP 

(mmHg) 
HR 

BP 

(mmHg) 
HR 

USCOM 

- SVR 

USCOM 

- SV 
FS FAS 

         

1 h Post LIST: Collect 10ml blood sample  

Snack bag given to participant 

Next Trial Booking: ___________________________________  

Notes: 

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________ 

______________________________________________________________________________ 

 

Notes: 

_______________________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________ 

______________________________________________________________________________ 
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Appendix 2.9 - Rating scale for perceptual measures  

 

Appendix 2.9.1. - Feeling scale ratings 

 

+5  Very good 

+4   

+3  Good 

+2   

+1  Fairly good 

0  Neutral 

-1  Fairly bad 

-2   

-3  Bad 

-4   

-5  Very bad 

 

While participating in exercise it is common to experience changes in mood. Some individuals find 

exercise pleasurable, whereas others find it to be unpleasurable. 

Additionally, feeling may fluctuate across time. That is, one might feel good and bad a number of times 

during exercise. 

Scientists have developed this scale to measure such response 
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Appendix 2.9.2. - Felt arousal scale ratings 
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Appendix 2.9.3. - Ratings of perceived exertion 

  











188 

 

 

Appendix 4.2 Chapter 3, Section 3.3.4: Blood lactate levels during the modified Loughborough 
Intermittent Shuttle Test 

 

 

 

Figure A4.2 Changes in blood lactate concentration (mean ± SD) for placebo (PLA), NZBC, caffeine (CAFF), and 
NZBC + caffeine (NZBC-CAFF) trials from blocks 1 to 6 during modified Loughborough intermittent Shuttle Test.  
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Appendix 5: DRC 16 forms  

Appendix 5.1 DRC 16 form for Chapter 2  
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Appendix 5.2 DRC 16 form for Chapter 3 
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Appendix 5.3 DRC 16 form for Chapter 4 
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Appendix 5.4 DRC 16 form for Chapter 5 
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Appendix 6: The Influence of a Protein-rich Dairy Beverage Fortified With Curcumin On Health And 
Wellness In Older Adults - PhD topic from April 2020 to December 2022 

Appendix 6.1 - Peer-reviewed journal publication 
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