
Vol.:(0123456789)1 3

European Journal of Applied Physiology (2018) 118:2465–2476 
https://doi.org/10.1007/s00421-018-3973-1

ORIGINAL ARTICLE

Effect of 1-week betalain-rich beetroot concentrate supplementation 
on cycling performance and select physiological parameters

Petey W. Mumford1 · Wesley C. Kephart2 · Matthew A. Romero1 · Cody T. Haun1 · C. Brooks Mobley1 · 
Shelby C. Osburn1 · James C. Healy1,3 · Angelique N. Moore3 · David D. Pascoe1 · William C. Ruffin3 · Darren T. Beck1,3 · 
Jeffrey S. Martin1,3 · Michael D. Roberts1,3 · Kaelin C. Young1,3

Received: 2 March 2018 / Accepted: 24 August 2018 / Published online: 28 August 2018 
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract
Purpose Betalains are indole-derived pigments found in beet root, and recent studies suggest that they may exert ergogenic 
effects. Herein, we examined if supplementation for 7 days with betalain-rich beetroot concentrate (BLN) improved cycling 
performance or altered hemodynamic and serum analytes prior to, during and following a cycling time trial (TT).
Methods Twenty-eight trained male cyclists (29 ± 10 years, 77.3 ± 13.3 kg, and 3.03 ± 0.62 W/kg) performed a counterbal-
anced crossover study whereby BLN (100 mg/day) or placebo (PLA) supplementation occurred over 7 days with a 1-week 
washout between conditions. On the morning of day seven of each supplementation condition, participants consumed one 
final serving of BLN or PLA and performed a 30-min cycling TT with concurrent assessment of several physiological vari-
ables and blood markers.
Results BLN supplementation improved average absolute power compared to PLA (231.6 ± 36.2 vs. 225.3 ± 35.8 W, 
p = 0.050, d = 0.02). Average relative power, distance traveled, blood parameters (e.g., pH, lactate, glucose, NOx) and 
inflammatory markers (e.g., IL-6, IL-8, IL-10, TNFα) were not significantly different between conditions. BLN supplemen-
tation significantly improved exercise efficiency (W/ml/kg/min) in the last 5 min of the TT compared to PLA (p = 0.029, 
d = 0.45). Brachial artery blood flow in the BLN condition, immediately post-exercise, tended to be greater compared to 
PLA (p = 0.065, d = 0.32).
Conclusions We report that 7 days of BLN supplementation modestly improves 30-min TT power output, exercise efficiency 
as well as post-exercise blood flow without increasing plasma NOx levels or altering blood markers of inflammation, oxida-
tive stress, and/or hematopoiesis.
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Abbreviations
ANOVA  Analysis of variance
BLN  Betalain-rich beetroot concentrate

CO  Cardiac output
EPO  Erythropoietin
FMD  Flow-mediated dilation
HR  Heart rate
NO  Nitric oxide
PLA  Placebo
RER  Respiratory exchange ratio
TBARS  Thiobarbituric acid reactive substances
TT  Time trial

Introduction

Beetroot contains multiple phytochemical compounds 
along with bioactive pigments known as betalains (Lee 
et al. 2005; Clifford et al. 2015). Betalains are classified 
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as nitrogen-containing pigments with two distinct chemical 
structural groups, betacyanins and betaxanthins, which are 
responsible for their respective red/violet and yellow color 
(Delgado-Vargas et al. 2000; Strack et al. 2003; Kujala et al. 
2001). Betalains have been shown to be absorbed through 
paracellular junctions of human intestinal epithelial cells 
in vitro (Tesoriere et al. 2013), although in vivo analysis in 
humans has provided mixed results regarding the bioavaila-
bility of betalains (Tesoriere et al. 2004; Clifford et al. 2017). 
In vivo and in vitro studies have revealed that betalains pos-
sess general health-related benefits including antioxidant 
(Tesoriere et al. 2003, 2004; Butera et al. 2002; Escribano 
et al. 1998; Kanner et al. 2001; Zielinska-Przyjemska et al. 
2009; Albano et al. 2015), anti-nitrosative (Sakihama et al. 
2012) and anti-inflammatory (Vidal et al. 2014; Zielinska-
Przyjemska et al. 2009; Pietrzkowski et al. 2010) properties. 
In this regard, betalains have been well documented to be 
robust free radical and nitrogen scavengers (Gandia-Herrero 
et al. 2009, 2010; Sakihama et al. 2012). Additionally, beta-
lains have been reported to protect red blood cells against 
oxidative damage and hemolysis (Tesoriere et al. 2005), and 
some supporting literature suggests that betalains can pro-
mote hematopoiesis (Cho et al. 2017). Betalains have also 
been shown to reduce the production of superoxide anions 
and cytokines such as TNF-α and interleukins (Martinez 
et al. 2015).

Exercise has been shown to increase the production of 
free radicals and reactive oxygen species (Reid et al. 1992; 
O’Neill et al. 1996; Powers et al. 2004; Yavari et al. 2015) 
and cytokine production (Pedersen 2000; Pedersen et al. 
2001). Specifically, exercise-induced increases in reactive 
oxygen species and cytokines have been linked to skeletal 
muscle fatigue and decrements in performance (Barclay 
and Hansel 1991; Vincent et al. 2000; Allen et al. 2008; 
Burt and Twist 2011), although the repeated oxidative 
stress response to exercise promotes increases in free radi-
cal defense systems chronically (Criswell et al. 1993; Pow-
ers et al. 1994; Vincent et al. 1999). Exercise has also been 
shown to increase nitric oxide bioavailability, and impair-
ments in this process may limit exercise capacity (Vincent 
et al. 1999). There has been recent interest in the potential 
ergogenic effects of betalain supplementation given that 
these compounds elicit a wide variety of purported bio-
logical and physiological effects, which may offset physi-
ological perturbations up-regulated during exercise (e.g., 
increased cytokine production, increased oxidative stress, 
etc.). In this regard, two recent investigations reported 
that short-term (7-day) betalain-rich beet root concentrate 
(BLN) supplementation improved 5- and 10-km time trial 
(TT) performance in competitive male runners (Van Hoo-
rebeke et al. 2016) and male and female competitive triath-
letes (Montenegro et al. 2017), respectively. The improve-
ment in TT performance in both aforementioned studies 

was attributed to a number of potential possibilities such 
as decreased muscle damage, inflammation and oxidative 
stress. However, with the limited number of investigations 
with regard to the effects of BLNs on exercise performance, 
mechanisms underlying these effects are still unclear and 
under-investigated.

Beet root juice supplementation has been shown to 
improve exercise efficiency (Bailey et al. 2009; Lansley et al. 
2011) as well as TT performance in both runners and cyclists 
(Bailey et al. 2009; Cermak et al. 2012; Lansley et al. 2011); 
effects thought to be largely due to improved blood flow 
and oxygen delivery via the high nitrate content of beet root 
juice (Bailey et al. 2009; Cermak et al. 2012; Lansley et al. 
2011). Given that the BLN supplementation tested in the 
studies of Van Hoorebeke et al. (2016) and Montenegro et al. 
(2017) were free of nitrates, these authors suggested that the 
observed performance improvements were not necessarily 
due to increased nitric oxide (NO) availability. However, 
these authors could not rule out potential improvements in 
blood flow due to a lack of measuring hemodynamic char-
acteristics. Therefore, given the limited number of investiga-
tions regarding BLN supplementation and exercise perfor-
mance, the purpose of the current study was twofold: (1) to 
investigate the physiological and TT performance effects of 
a similar short-term (7 days) BLN supplementation protocol 
using well-trained cyclists, and (2) investigate if BLN sup-
plementation alters hemodynamic variables including blood 
flow, serum NO availability and serum markers of inflamma-
tion and oxidative stress in attempt to identify and/or rule out 
underlying mechanisms of how BLNs are improving exer-
cise performance. Based upon previous performance studies, 
we hypothesized that BLN supplementation would increase 
TT cycling performance and modify post-exercise markers 
of oxidative stress and inflammation.

Methods

Subjects

Twenty-eight male cyclists (age 28.8 ± 9.8 years; height 
180.63 ± 6.53 cm; body mass 77.3 ± 13.3 kg) were recruited 
from the Auburn University cycling community, local 
cycling clubs and bike shops. Participants were included 
if they were: (a) not currently consuming beet roots; (b) 
cycling 3–7 days per week and totaling a weekly mileage of 
greater than 100 miles; (c) 19–50 years of age; (d) free of 
any known cardiovascular, respiratory, metabolic, or mus-
culoskeletal ailments, and (e) were not taking any other sup-
plements or ergogenic aids. Prior to initiating the study, par-
ticipants were informed of the experimental procedures, read 
and signed Informed Consent forms, and filled out a medical 
history questionnaire. Notably, all consent and experimental 
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procedures were approved through the Auburn University 
Institutional Review Board (protocol #: 15-533 MR 1601), 
and conformed to the standards set by the latest revision of 
the Declaration of Helsinki.

Experimental protocol

This study implemented a randomized, double-blind, pla-
cebo controlled crossover design whereby participants per-
formed two separate experimental 30-min TTs following 
1 week of either BLN or PLA supplementation (Fig. 1).

For the initial baseline visit, participants reported to the 
laboratory following a minimum of a 4-h fast. Participants’ 
height and weight were recorded, and participants were 
then administered a standardized meal consisting of a pro-
tein pudding (MHP, West Caldwell, NJ, USA), granola bar 
(Quaker, Chicago, IL, USA) and 20 oz water (calorie con-
tent: 380 kcal, 37 g of carbohydrates, 11.5 g of fats and 33 g 
of protein), while resting quietly for 105 min. Thereafter, 
blood samples were collected via a finger stick for capillary 
blood/gas analysis (described in greater detail below) and 
venipuncture from the antecubital vein using a 10-mL serum 
separator tube and a 10 mL EDTA tube (BD Vacutainer, 
Franklin Lakes, NJ, USA). Participants were then instructed 
to rest quietly in a supine position for 10 min followed by 
blood pressure, heart rate (HR) and brachial artery flow-
mediated dilation (FMD) measurements. A subset of par-
ticipants (n = 18) performed a familiarization (FAM) 30-min 
TT (described in greater detail below). The purpose of the 
FAM TT was to examine if statistical differences in perfor-
mance existed between the PLA and FAM TTs to ensure a 
learning effect had not occurred Thereafter, all participants 
were randomized using a simple randomization procedure 
whereby participants received 6 days of either BLN (beta-
lain-rich beetroot concentrate, 100 mg/day, FutureCeuticals, 
Momence, IL, USA) or PLA (silica dioxide, 100 mg/day) 
supplementation in pill form, and instructed to take one pill 
(50 mg/pill) in the morning and one in the evening. The 
supplementation protocol was replicated from Montenegro 
et al. (2017). Participants were then scheduled to return to 

the laboratory 7 days later at the same time of day for the 
first experimental 30-min TT.

Upon arrival for the first experimental TT, participants 
provided a urine sample for hydration status, body weight 
was recorded, a single 50-mg dose of BLN was adminis-
tered (seventh day of supplementation) and then sat quietly 
for 15 min. Thereafter, the exact same procedures described 
during the baseline visit were followed regarding the admin-
istration of a standardized meal, sitting quietly for 105 min, 
collection of blood samples, resting quietly for 10 min, and 
blood pressure, HR and FMD measurements. Participants 
were then fit on either their personal road bike or a provided 
road bike. For all TTs, the rear wheel was equipped with a 
CycleOps power meter (Madison, WI, USA) and synced to 
a GPS device (Garmin Edge 500, Olathe, KS, USA). The 
rear wheel was attached to a Computrainer (Racermate, Inc. 
Seattle, WA, USA) for adjustment of resistance with a mag-
netic braking system as previously described by our labora-
tory (Kephart et al. 2016). Participants were then outfitted 
with a finometer and mouth piece attached to a metabolic 
cart (both described in greater detail below) and instructed 
to sit quietly on the bike for 5 min to obtain pre-exercise 
resting values. Thereafter, a 5-min warm-up of self-selected 
intensity was performed prior to initiating the 30-min TT. 
Immediately following the warm-up, the 30-min TT com-
menced whereby power (W), distance (km) and metabolic 
cart measures were recorded every 5 min and capillary blood 
samples were collected every 10 min. Notably, the TT was 
performed in an environmental chamber (Panelized Walk-
In Chamber, ESPEC, US) set to a temperature of 20 °C and 
a relative humidity of 35%. Upon completion of the TT, 
an immediate antecubital vein venipuncture was performed 
along with a finger stick and metabolic cart measures were 
collected at 5 and 15 min following the TT to obtain post-
exercise values. Thereafter, FMD was performed and a sec-
ond (1-h) post-exercise venipuncture was obtained.

Participants were then scheduled for a second baseline 
visit for the following week whereby no supplementation 
occurred (i.e., a 7-day washout period). The second baseline 
visit was procedurally identical to the initial baseline visit. 
Upon completion of the second baseline visit, participants 

Baseline visit #1
- Administer standardized meal

- Wait 105 min
- Blood samples obtained
- FMD obtained
- 30 min TT on subset of participants
- Random assignment to BLN / PLA condition

6-day supplementation period

Cycling visit #1
- Supplement ingested

- Wait 15 min
- Standardized meal

- Wait 105 min
- Blood samples obtained
- FMD obtained
- Setup on road bike for TT

- 5 min warmup 
- 30 min TT

- Blood samples obtained 
immediate post

- FMD obtained
- Blood samples 1 h post exercise

7 day washout

Baseline visit #2
- Administer standardized meal

- Wait 105 min
- Blood samples obtained
- FMD obtained
- Crossover BLN / PLA condition

6-day supplementation period

Cycling visit #2
- Supplement ingested

- Wait 15 min
- Standardized meal

- Wait 105 min
- Blood samples obtained
- FMD obtained
- Setup on road bike for TT

- 5 min warmup 
- 30 min TT

- Blood samples obtained 
immediate post

- FMD obtained
- Blood samples 1 h post exercise

Fig. 1  Overview of the experimental protocol for each testing session. BLN betalain, PLA placebo, TT time trial, FMD flow-mediated dilation
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were given the supplement that was not previously consumed 
to consume over the following 6 days and then scheduled 
for the second 30-min TT the following week. Thereafter, 
the second 30-min TT procedures were performed identical 
to the first experimental TT. More in-depth procedures are 
described below.

Anthropometric and urine assessments

Standing height was measured to the nearest 0.5 cm using 
a calibrated stadiometer and body mass was measured to 
the nearest 0.01 kg using a calibrated clinical scale with 
participants wearing minimal clothing. Systolic and dias-
tolic brachial blood pressure and HR were measured via 
an automatic blood pressure cuff (model BP785N; Omron 
Healthcare, INC., Lake Forest, IL, USA) in a supine posi-
tion after resting quietly for 10 mins. Hydration status was 
assessed by measuring urine specific gravity (USG) via a 
handheld refractometer (model CLX-1, precision = 0.001 T 
0.001; VEE GEE Scientific, Inc., Kirkland, WA, USA). A 
reading between 1.000 and 1.029 for USG was considered 
adequately hydrated (Casa et al. 2000; Mumford et al. 2016). 
If a USG reading was at or above 1.030, participants were 
instructed to drink additional water while resting comfort-
ably until a second urine sample could be provided. Hydra-
tion was assessed to ensure participants were adequately 
hydrated and to minimize the effects of dehydration on 
performance.

Exercise performance measures

As mentioned prior, a CycleOps power meter (Madison, 
WI, USA) was synced to a GPS device (Garmin Edge 500, 
Olathe, KS, USA) and was used for analysis of watts and dis-
tance cycled during the 30-min TT. Watts and distance were 
measured per second and were averaged over the 30-min 
TT. Finger cuff photoplethysmography was used during the 
TT to measure HR, beat-by-beat arterial blood pressure, 
stroke volume and cardiac output (CO) via a Finometer PRO 
(Finapres Medical Systems, Amsterdam, The Netherlands) 
as previously described (Haun et al. 2016). Oxygen uptake 
(VO2) and respiratory gas exchange ratio (RER) were ana-
lyzed using a Parvo Medics TrueOne 2400 metabolic cart 
(Parvo Medics, Sandy, UT, USA) at minutes 3–5, 8–10, 
13–15, 18–20, 23–25 and 28–30 during the TT, and exer-
cise efficiency was calculated as W/VO2 for each 5-min stage 
during each TT. Metabolic cart measures were additionally 
sampled at minutes 3–5 and 13–15 following the TT.

Blood gas analytes

Approximately 65 µL of capillary blood was obtained by 
a small puncture to the tip of the finger using a lancet, 

collected via a lithium heparin microcapillary tube (Instru-
mentation Laboratory, Bedford, MA, USA) for analysis of 
pH, lactate and glucose using a GEM Premier 4000 blood 
gas analyzer (Instrumentation Laboratory, Bedford, MA, 
USA). Assayed time points included the two baseline visits, 
immediately prior to each TT, min 10, 20 and 30 during each 
TT, and min 5 and 15 following each TT. Due to technical 
difficulties with the analyzer, blood gas analytes were only 
obtained for 20 of the 28 subjects.

Serum and plasma blood analysis

Venous blood samples were collected at each of the two 
baseline visits, immediately prior to each TT, immediately 
following each TT, and 1 h following each TT. Following 
collection, serum separator and EDTA tubes were centri-
fuged at 3500g at 4 °C for 10 min and then aliquoted and 
immediately stored in a − 80 °C freezer for future batch-
processing of serum thiobarbituric acid reactive substances 
(TBARS), serum erythropoietin (EPO), plasma cytokines, 
and plasma nitrate and nitrite (NOx). Serum TBARS were 
analyzed using a commercially available 96-well assay fol-
lowing the manufacturer’s procedures (Cayman, Ann Arbor, 
MI, USA), and resulted in an average intra-assay coefficient 
of variation (%CV) of 1.47%. Serum EPO was determined 
using a commercially available 96-well assay following the 
manufacturer’s procedures (Abcam, Cambridge, MA, USA), 
and resulted in an average intra-assay %CV of 4.7%. Plasma 
concentrations of IL-2, IL-4, IL-6, IL-8, IL-10, TNFα, GM-
CSF and INFγ cytokines were determined using a com-
mercially available 96-well multiplex assay following the 
manufacturer’s procedures (Bio-Rad, Hercules, CA, USA), 
and resulted in an average intra-assay %CV of ≤ 5.1% for 
all targets. Notably, IL-2, IL-4, GM-CSF and INFγ were not 
reported due to concentrations being below the sensitivity of 
the assay. For analysis of plasma NOx, samples were depro-
teinized in ice-cold ethanol, and assayed via ozone-based 
chemiluminescence using a NO analyzer (Sievers NOA 
280i, Boulder, CO, USA). Briefly, samples were added to 
0.1 M vanadium chloride in 1 M hydrochloric acid reflux-
ing at 95 °C under nitrogen. A cooled photomultiplier tube 
housed in the analyzer detected respective reduction to NO 
and concentrations of NOx were determined by plotting sig-
nal (mV) against a calibration plot. Quantification of reticu-
locytes was performed using flow cytometry, whereby 5 µL 
of whole blood was mixed with 1 mL of BD Retic-Count 
(BD Biosciences, San Jose, CA, USA), triturated, gently 
vortexed and blocked from light. Flow cytometry was per-
formed using a BD Accuri C6 (BD Biosciences, San Jose, 
CA, USA). Notably, serum and plasma analytes were only 
collected on 20 of the 28 participants due to one or more 
missed blood draws.
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Flow‑mediated dilation

FMD was used to determine endothelial reactivity in the 
right brachial artery with the use of a high-resolution ultra-
sound (Logiq S7 R2 Expert; General Electric, Fairfield, 
CT, USA) and a 3–12 MHz multi-frequency linear trans-
ducer. Specifically, the transducer was placed longitudinally 
3–5 cm above the antecubital fossa and was either held man-
ually or by use of a mechanical arm in a fixed position to 
measure brachial artery diameter and blood velocity. This 
was performed as previously described (Haun et al. 2016) 
via a duplex mode imaging (B-mode and Doppler), in which 
video was recorded with real-time analysis software (FMD 
Studio, Pisa, Italy). Furthermore, resting data was recorded 
for 1 min, and reactive hyperemia was produced by inflation 
of a blood pressure cuff placed 1–2 cm below the elbow for 
5 min at 200 mmHg. Thereafter, the cuff was deflated and 
data were recorded for an additional 3 min. Vessel diam-
eters were determined via automatic edge detection soft-
ware (FMD Studio, Pisa, Italy) by measuring the distances 
between the walls of the intima. Additionally, blood velocity 
was determined by a defined region of interest via Doppler 
waveform. FMD is reported as relative (%FMD), normalized 
(nFMD) calculated as {100 × %FMD/[(4 × time averaged 
mean velocity)/vessel diameter] area under the curve − 1}. 
Blood flow was calculated from diameter and average blood 
velocity [Π × (diameter/2) 2 × time average mean veloc-
ity × 60]. Notably, FMD measures were only collected on a 
subset of 18 of the 28 participants.

Statistics

Statistical analyses were performed using SPSS for Windows 
version 21.0 (IBM, Seattle, WA, USA), and data herein are 
reported as mean ± standard deviation (SD) for all dependent 
variables. Prior to statistical analysis, the assumption of nor-
mality was tested using Shapiro–Wilk’s test for all depend-
ent variables. Statistical analysis for average absolute power, 
relative average power and total distance over the 30-min 
TT was examined using one-tailed paired samples t tests in 
order to test our a priori hypothesis that BLN supplementa-
tion would improve performance. Familiarization compared 
to PLA was examined using a two-tailed paired samples t 
test to determine if a learning effect occurred. All other 
dependent variables were examined using two-tailed (con-
dition by time) factorial repeated measures. If the assump-
tion of heteroscedasticity for repeated measures was vio-
lated, a Greenhouse–Geisser correction factor was applied. 
Additionally, if significant interactions were found, data 
were further decomposed using one-way repeated measures 
ANOVA across time and paired samples t tests for between 
conditions. Significance for all null hypothesis testing was 
set at p ≤ 0.05, although p values “approaching significance” 

(0.05 < p < 0.10) were also discussed as meaningful given 
the exploratory nature of this analysis. Furthermore, 95% 
confidence intervals (CI) of the mean difference between 
conditions, and magnitude of the effect was calculated using 
Cohen d effect size with observed effects for cycling per-
formance variables (i.e., average absolute power, average 
relative power and total distance between conditions), where 
0.2, 0.5 and 0.8 were considered small, moderate and large 
effects.

Results

Effects of BLN supplementation on resting 
hemodynamics

Seven days of BLN supplementation had no effect on resting 
hemodynamic parameters. No significant differences were 
observed for baseline blood pressure readings for either dias-
tolic (PLA vs. BLN, 74.60 ± 5.75 vs. 75.64 ± 7.73 mmHg) 
or systolic (PLA vs.  BLN, 125.44 ± 7.21 vs. 
125.76 ± 10.32 mmHg) pressures. Furthermore, no signif-
icant differences were observed for resting HR (PLA vs. 
BLN, 61.50 ± 10.84 bpm vs. 60.54 ± 12.12 bpm) or USG 
readings (PLA vs. BLN, 1.004 ± 0.021 vs. 1.005 ± 0.007).

Cycling performance

Due to technical difficulties, distance traveled over the 
30-min TT was only collected on 24 of the 28 subjects. 
Notably, for the 18 subjects that underwent a familiarization 
(FAM) TT, average absolute power was not significantly dif-
ferent between the FAM and PLA conditions (225.1 ± 40.7 
vs. 225.3 ± 35.8 W, p = 0.857), respectively.

There was a statistically significant difference between 
conditions for average absolute power (p = 0.050) over the 
entire TT whereby BLN was greater than PLA [mean differ-
ence (95% CI), 6.3 W (− 1.0 to 13.6 W); Fig. 2a], however, 
this difference resulted in a small effect (d = 0.02). There 
were no statistically significant differences between con-
ditions for average relative (bodyweight adjusted) power 
[0.08 W/kg (− 0.02 to 0.19); p = 0.058; Fig. 2b] or distance 
traveled over the 30-min TT [0.33 km (− 0.08 to 0.74); 
p = 0.064; Fig. 2c]. However, it is worth noting, based on 
our a priori alpha, that these aforementioned performance 
variables were trending towards a statistically significant dif-
ference, albeit the effect size analysis resulted in small effect 
sizes of d = 0.13 and 0.02, respectively.

Oxygen uptake and hemodynamics

There was no significant main effect of condition or con-
dition by time interaction for relative VO2 over the TT. 
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However, there was a significant main effect of time 
(p < 0.001; Fig. 3a). Additionally, there was a significant 
condition by time interaction for 5 min. average exer-
cise efficiency (p = 0.045), with the simple effect of time 
being statistically significant for both PLA and BLN 
(p < 0.001) conditions. Post hoc analysis revealed a sig-
nificant increase in average exercise efficiency (p = 0.029) 
in the BLN (7.63 ± 3.45  W/mL  O2/kg/min) compared 
to PLA (6.23 ± 2.73 W/mL O2/kg/min) condition at the 

30-min time point [1.33 W/mL O2/kg/min (− 0.01 to 2.66); 
Fig. 3b], which resulted in a moderate effect (d = 0.45). 
Furthermore, there were significant main effects of time 
for all exercise hemodynamic variables including HR 
(p < 0.001; Fig. 3c), SV (p < 0.001; Fig. 3d), total periph-
eral resistance (p < 0.001; Fig. 3e) and CO (p < 0.001). 
However, there were no significant condition or condition 
by time interactions for any of these variables.
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asterisk indicates significant difference between condition at a given 
time point (p < 0.05)
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Conduit artery reactivity and blood flow

There was a statistically significant condition by time 
interaction effect for brachial artery blood flow (p = 0.043; 
Fig. 4a). Post hoc analysis revealed no statistically signifi-
cant differences between experimental conditions at any time 
point. However, blood flow in the BLN condition imme-
diately post-exercise tended to be greater (p = 0.065) with 
the size of the effect being small to moderate (d = 0.32). 
Additionally, there was no statistically significant main 
effect of condition or condition by time interaction for FMD. 
However, there was a statistically significant main effect of 
time (p = 0.040; Fig. 4c). Finally, there were no statistically 
significant main effects or condition by time interaction for 
nFMD (Fig. 4d).

Blood analysis

There were no statistically significant condition, time, or 
condition by time effects for plasma NOx levels (Fig. 4b). 
There were statistically significant main effects of time for 
select serum and whole-blood variables including serum 
EPO (p < 0.001; Fig. 5b), whole-blood reticulocyte count 

(p < 0.001; Fig. 5c), whole-blood pH (p < 0.001; Fig. 5d), 
whole-blood glucose (p < 0.001; Fig. 5e), and whole-blood 
lactate (p < 0.001; Fig. 5f). However, there were no statisti-
cally significant effects of condition or condition by time 
interactions (p < 0.05) for any of the assayed markers.

Plasma inflammatory markers

There were statistically significant main effects of time for 
serum IL-6 (p = 0.011; Fig. 6a), serum IL-8 (p = 0.002; 
Fig. 6b) serum IL-10 (p = 0.044; Fig. 6c) and serum TNF-α 
(p = 0.007; Fig. 6d). However, there were no statistically sig-
nificant effects of condition or condition by time interactions 
(p < 0.05) for any of the assayed markers.

Discussion

The objective of this study was to confirm the purported 
ergogenic effects of BLN supplementation as well as deter-
mine other meaningful physiological effects in trained 
cyclists. Our findings suggest that BLN supplementation, 
taken for 7 days prior to and immediately before a 30-min 
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cycling TT, significantly improves power output and exer-
cise efficiency. Additionally, BLN supplementation tended 
to modestly improve distance traveled and immediate post-
exercise blood flow. However, BLN supplementation does 
not seem to alter serum NOx availability or relevant serum 
analytes of oxidative stress or inflammation.

Effects of BLN supplementation on exercise 
performance

Our findings of improved TT performance in trained 
competitive cyclists are in partial agreement with (Mon-
tenegro et al. 2017) who reported that BLN supplemen-
tation, using the same dosing strategy employed in the 
current study, improved 10-km TT running performance 
in a sample of competitive triathletes. However, these 
authors also reported that BLN supplementation failed 
to improve average power output during a 40-min sub-
maximal cycling bout, which occurred immediately prior 
to the running TT. Similar findings were reported by Van 
Hoorebeke et al. (2016) who reported sub-chronic BLN 
supplementation resulted in improved 5-km TT perfor-
mance in which trained running athletes improved their 
average speed and decreased their time to complete the TT. 
As in the Montenegro et al. (2017) study, running athletes 

in the Van Hoorebeke et al. (2016) study failed to improve 
sub-maximal running performance during a 30-min bout 
of treadmill exercise, which occurred immediately prior to 
the 5-km TT. Interestingly, Van Hoorebeke et al. (2016) 
did note a reduction in heart rate and change in lactate 
levels when exercise was performed at the same relative 
intensities under the BLN condition compared to PLA, 
suggestive of improved exercise efficiency.

Importantly, Montenegro et al. (2017) speculated that 
performance improvements could potentially be due to 
anti-nitrosative properties of BLN (Sakihama et al. 2012), 
which may lead to higher levels of nitric oxide and result in 
improved exercise blood flow. Our data partially supports 
the proposed hypothesis by Montenegro et al. (2017) given 
that we observed a modest improvement in post-exercise 
blood flow, but no increase in plasma NOx levels with BLN 
supplementation. In this regard, the modest improvement in 
post-exercise blood flow could be related to our findings of 
improved exercise performance and a potential mechanism 
by which BLN improves exercise performance. Furthermore, 
we observed that BLN supplementation did not elicit alter-
ations in other markers related to potential improvements 
in performance (e.g., increased stroke volume, or reduced 
blood lactate or pH levels). Therefore, future research exam-
ining the efficacy of BLN supplementation should continue 
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to explore how BLN increases exercise economy and blood 
flow during and following exercise.

BLN supplementation does not alter inflammatory 
markers

Past research has indicated that maximal cycling exercise 
increases serum levels of IL-6, TNFα, TBARS and eryth-
rocytes in sedentary subjects (Steinberg et al. 2007). Fur-
thermore, in elite cyclists following a 4-day cycling com-
petition, increases in cytokine production were reported 
at each stage of a cycling race (Cordova Martinez et al. 
2015). Brenner et al. (Brenner et al. 1999) reported that 2 h 
of cycling, compared to maximal intensity short duration 
and interval cycling, increased cytokine production (e.g., 
IL-6 and TNFα). Herein, we observed a time effect whereby 
serum IL-6 and IL-10 increases were relatively mild follow-
ing cycling, albeit BLN supplementation did not abrogate 
these increases. Additionally, we did not observe exercise-
induced increases in serum TBARS. Importantly, the aver-
age duration and distance traveled during the 30-min TT 
in the current study, when compared to other studies, was 

shorter by comparison and may explain the disparate find-
ings. Moreover, given that trained cyclists were examined 
in the present study, it is possible that these participants 
were well adapted to the perhaps relatively less challeng-
ing stresses of the 30-min TT employed. Thus, studying the 
potential anti-inflammatory or anti-oxidant effects of BLN 
supplementation with more prolonged or intense exercise 
trials is warranted.

Effects of BLN supplementation on markers 
of hematopoiesis

Limited evidence suggests that BLN can potentially affect 
hematopoiesis and/or reduce hemolysis in vitro (Cho et al. 
2017). We observed time effects regarding TT-induced 
increases in reticulocyte counts and serum EPO levels, 
although BLN supplementation did not augment these effects 
relative to the PLA condition. Indeed, our findings that exer-
cise increased reticulocyte counts and serum EPO are in 
agreement with previous observations (Morici et al. 2005; 
Schwandt et al. 1991). However, BLN supplementation does 
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not apparently affect these markers in vivo under the current 
study design.

Limitations

It should be noted that the use of TBARS as a marker of 
oxidative stress may not be the most relevant, and there-
fore, interpretation of the effects of BLN supplementation 
on oxidative stress in the current study should be read with 
caution. Furthermore, Garmin file corruption during the 
trial resulted in loss of distance traveled over the 30-min TT 
for four participants. Additionally, quantification of plasma 
betalains was not measured herein, and future investigations 
regarding absorption, transportation and quantification are 
warranted. Finally, the results of the current study are lim-
ited to trained cyclists, and thus, future investigations in rec-
reationally trained populations are warranted.

Conclusion

We report that 7 days of sub-chronic supplementation of 
BLN prior to and immediately before a 30-min TT mod-
estly improves power output, distance traveled, exercise 
efficiency, and blood flow without altering serum NOx bio-
availability, serum markers of inflammation and oxidative 
stress, and/or hematopoiesis. These observed improvements 
in said performance parameters, although statistically small 
to moderate in magnitude and perhaps due to the fact that 
the tested group was highly trained, are in reasonable accord 
with previously published reports on BLN supplementa-
tion and further support the hypothesis that BLN may be of 
potential benefit to competitive athletes. In this regard, the 
observed changes in distance traveled (0.33 km (− 0.08 to 
0.74); p = 0.064), although relatively small at first glance, 
could afford a practical advantage to competitive cyclists. 
For example, this change would represent approximately 100 
additional meters traveled during a 5k TT which is of practi-
cal significance. It is interesting that BLN supplementation 
significantly improved exercise efficiency (W/ml/kg/min) 
during the last 5 min of the TT compared to PLA (p = 0.029, 
d = 0.45). Given that this is only the third study examining 
the potential ergogenic effects of BLN supplementation, 
we contend that more research is needed to examine the 
efficacy of this ingredient with more prolonged exercise as 
compared to “sprint” or “burst of energy” conditions, on a 
more diverse study population, or a larger population, and 
possibly with different dosing strategies.
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