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Abstract Within the aging population, there exists a sub-
set of individuals termed masters athletes (MA). As mas-
ters-level competition increases in popularity, MA must find
methods to enhance individual athletic performance. Longi-
tudinal beta-alanine (BA) supplementation is suggested to
enhance physical capability during exercise; however, these
effects have not been evaluated in MA. To examine the lon-
gitudinal effects of BA on time to exhaustion (TTE), total
work completed (TWC), and lactate clearance in female
MA cyclists. Twenty-two female MA (age = 53.3 £ 1.0)
participated in this double-blind design. Subjects were ran-
domly assigned to BA (n = 11; 800 mg BA + 8 g dextrose)
or placebo (PLA; n = 11; 8 g dextrose) groups and supple-
mented 4 doses/day over 28 days. Every 7 days, subjects
completed a cycling TTE at 120 % VO,,,,,, and TWC was
calculated. Blood lactate was measured at baseline, imme-
diate post, and 20-min post each TTE. No significant dif-
ferences existed between groups for any variable at baseline
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(p > 0.05). After 28 days supplementation, BA had greater
TTE (23 vs 1 % change) and TWC (21 vs 2 % change)
than PLA (p < 0.05). Following the 20-min TTE recovery,
lactate was 24 % lower in BA compared to PLA (4.35 vs.
5.76 mmol/L, respectively). No differences existed for vari-
ables during intermittent weeks. 28 days of BA supplemen-
tation increased cycling performance via an enhanced time
to exhaustion and total work completed with associated lac-
tate clearance during passive rest in female MA.

Keywords Ergogenic aid - Exercise - Women - Sport
nutrition - Carnosine

Introduction

Older adults can gain extensive health benefits from regu-
lar physical activity; however, certain populations of aging
adults, termed masters athletes (MA), are not simply con-
tent with maintaining physical health and strive for high
levels of achievement (Hodge et al. 2008). In fact, many
of these individuals undergo rigorous training regimens in
order to compete in local and internationally organized ath-
letic events (Rosenbloom and Bahns 2006). When referring
to MA competition, the inaugural United States National
Senior Games included 2500 athletes, but this number has
since increased over 450 % to more than 12,000 partici-
pants in 2013 (National Senior Games Association 2013).
As the number of MA continues to increase, so does the
degree of competition (Tanaka and Seals 2008) requiring
these individuals to continually find methods to further
increase performance.

The use of ergogenic aids is becoming increasingly pop-
ular among MA (Kavanagh and Shephard 1977; Striegel
et al. 2005); however, to date, there are no data indicating
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their individual effectiveness on masters-level athletic per-
formance. One particular supplement increasing in popu-
larity as an ergogenic aid is beta-alanine (BA), which is
suggested to be effective for increasing high-intensity exer-
cise performance (Derave et al. 2007; Hill et al. 2007). BA
is a non-essential amino acid physiologically functioning
as the precursor to carnosine (Culbertson et al. 2010; Smith
et al. 2009), which increases the buffering capacity of H"
(Derave et al. 2010; Eudy et al. 2013; Sale et al. 2010).
This increased buffering capacity delays fatigue, ultimately
resulting in enhanced exercise performance and more spe-
cifically increased power output (Hobson et al. 2012; Kern
and Robinson 2011).

Baseline levels of intramuscular carnosine vary amongst
specific populations, indicating certain individuals may
experience enhanced effects from exogenous BA supple-
mentation. When comparing intramuscular carnosine lev-
els between males and females, a 3.5-1.0 ratio is observed,
respectively, (Everaert et al. 2011) and females require
lower levels of BA supplementation to obtain the same
relative carnosine increases compared to males (Stegen
et al. 2014). In females, 28 days of BA supplementation
is documented to increase time to exhaustion (TTE; Stout
et al. 2006b) and decrease feelings of perceived exertion
(Smith et al. 2012); however, these findings have only been
evaluated in younger women and cannot be extrapolated to
older, female populations.

Independent of gender, carnosine levels also decrease
with age (Everaert et al. 2011). Taken together with the
fact that carnosine loading is further augmented in trained
muscles (Bex et al. 2014), this indicates trained, older indi-
viduals (i.e., MA) may be more sensitive to BA supplemen-
tation. Currently, the only data evaluating BA supplementa-
tion in older adults have been collected in untrained (albeit
healthy) individuals, and evaluated measures of functional
fitness (del Favero et al. 2012; McCormack et al. 2013;
Stout et al. 2008); however, MA are more concerned with
increasing athletic performance as opposed to maintain-
ing general functional fitness. As a result, when evaluating
BA supplementation, it is important to extend the body of
knowledge to include the effects on performance measures
in this population.

At least 28 days of BA supplementation is documented
to increase high-intensity exercise performance in younger
males (Hoffman et al. 2008) and females (Smith et al.
2012), along with untrained older adults (del Favero et al.
2012; McCormack et al. 2013; Stout et al. 2008). With
regard to carnosine increases, trained muscle responds
more efficiently to BA supplementation (Bex et al. 2014)
and females experience greater relative increases com-
pared to males (Stegen et al. 2014). Combined with the
fact that carnosine levels naturally decrease with advanc-
ing age (Everaert et al. 2011), trained, master-level females
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may have an unparalleled physiological advantage when it
comes to the benefits from exogenous BA supplementation
and positive results may be observed sooner than the tra-
ditional 28-day loading period (Stout et al. 2006b). There-
fore, the purpose of this study was to examine the longi-
tudinal effects of BA supplementation on TTE, total work
completed (TWC), and post-exercise lactate clearance rates
in female MA cyclists.

Materials and methods
Subjects

Based on previous literature, 22 subjects (11 per group)
are appropriate to attain a minimal statistical power of at
least 0.80 (Stout et al. 2006b). All subjects were female
MA cyclists from the Midwestern United States. MA
were classified as competitive masters cyclists based on
requirements set forth by USA Cycling and World Masters
Cycling. These requirements necessitated that MA were
(a) =30 years old, (b) not classified as an elite cyclist or
competitors in an elite event based on Union Cycliste Inter-
nationale (UCI) standards, and (c) not previously a team
member of a registered team disciplined by the UCI. For
the purposes of this study, MA must also have had at least
2-year competitive cycling experience and cycle a mini-
mum of 3 days per week (Halson et al. 2002). Since car-
nosine levels significantly decrease by 47 years (Everaert
et al. 2011), this was used as the age cutoff for our subjects.
Participants were recruited via email, flyers, and visits to
local cycling clubs and organizations. Informed consent
was obtained from all participants included in the study. All
procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the
institutional and/or national research committee and with
the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards.

Experimental design

This double blind, randomized study consisted of a 28-day
supplement intervention using BA as the experimental
group and dextrose as the placebo (PLA) group. Each par-
ticipant reported to the Human Performance Laboratory on
the University campus for all visits. Participants completed
baseline testing on two separate days. Day one consisted
of signing an informed consent and completion of a health
history questionnaire to ensure all participants met inclu-
sion criteria. Height and mass measurements were assessed
using a stadiometer and weight beam eye-level scale,
respectively (Detecto, Webb City, MO). Body fat, lean
mass analysis (dual-energy X-ray absorptiometry; DXA),
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and determination of aerobic capacity (VO,.,) were also
assessed on the initial visit. Day two consisted of the base-
line TTE where subjects cycled at 120 % of their initial
VO,peqx Values. During the supplementation period, partici-
pants ingested the assigned supplementation (PLA = 8 g
dextrose; BA = 800 mg + 8 g dextrose) 4 times per day
throughout the 28-day intervention. During the 28-day
intervention, TTE was re-evaluated at 7-, 14-, 21-, and
28-day intervals before reassessment of VO, and DXA
measurements post-supplementation. Testing protocols
were completed in the same order for all participants and at
least 24 h were allotted between the VO, and TTE ses-
sions at baseline and 28-day time points.

To ensure, changes during each testing trial were not
based on training or detraining effects, participants com-
pleted exercise logs at baseline and were instructed to
maintain the same training intensity throughout the study.
At the completion of the investigation, each subject con-
firmed maintenance of consistent exercise patterns simi-
lar to baseline. Pre- and post-VO,,,.,, measures were also
compared to ensure maintenance of training status. Food
logs were analyzed via diet analysis software (Nutri-
tionist Pro, Redmond WA) and distributed to all partici-
pants at baseline, 2 week, and final testing intervals to
be completed on two non-consecutive weekdays and one
weekend day (Smith et al. 2009). To account for dietary
consumption on testing days, participants fasted 3 h prior
to each trial (Stout et al. 2006b). All participants had
never ingested supplementary BA and were instructed to
refrain from vigorous exercise, alcohol, and caffeine 24 h
preceding each trial. Subjects wore the same attire for
all trials and wore clothes/shoes in which they normally
cycled.

Supplementation protocol

After the familiarization trial, subjects were randomly
assigned to either the PLA or BA groups. The BA provided
for this investigation was 3rd party lab tested for supple-
ment purity and authenticity (Powder City, York, PA). To
maintain a double-blind design, a separate investigator
completed subject supplement assignments. Conditions
included PLA [8 g dextrose (NOW Foods, Bloomingdale
IL) per dose] or BA (800 mg BA + 8 g dextrose per dose)
and subjects consumed their respective supplement doses
four times per day. Individual doses of 800 mg BA were
used to circumvent the potential onset of paresthesia occur-
ring (Kendrick et al. 2008, 2009). Any subject experiencing
supplement-related side effects throughout the study was
documented appropriately as to not affect final analyses.
Participants were instructed to consume supplement doses
in 16 oz of water (Stout et al. 2006a).

Aerobic capacity testing protocol (VO,;,,;)

At the initial and final testing trials, all participants per-
formed a graded exercise test (GXT) on a Velotron Dynafit
Pro cycle electronically braked cycle ergometer (Racer
Mate, Seattle, WA) to determine VO, Prior to test-
ing, seat and handlebar preferences were established for
each individual and recorded for use in all future test-
ing sessions. Subjects warmed-up at 50 W for 5 min at a
self-selected cadence. Upon completion of the warm-up,
the resistance increased 25 W in 2 min intervals until the
participant could no longer maintain 60 revolutions per
minute (RPM). VO, was measured using breath-by-
breath analysis and analyzed via open-circuit spirometry
(PARVO Medics, Sandy, UT). The highest 15 s VO,q,
value recorded was used as the peak measurement provided
it met at least two of the following criteria: (a) a plateau in
heart rate or heart rate is within 10 % of the age-predicted
maximum, (b) a plateau in VO, (an increase of no more
than 150 mL min™"), and/or (c) an RER value >1.15 (Smith
et al. 2009). Test retest reliability (ICC = 0.98) and coef-
ficient of variation (5.18 %) for this protocol have been pre-
viously demonstrated (Smith et al. 2009).

Time to exhaustion (TTE), total work completed
(TWC), and lactate measurements

TTE trials were completed at baseline, 7, 14, 21, and
28 days of supplementation. Prior to TTE testing, the
predetermined seat height and handlebar settings were
adjusted for each participant. After completing the same
warm-up as used for the GXT, subjects completed a TTE
at 120 % of their previously recorded VO, (Simmonds
et al. 2010; Weber and Schneider 2001). TTE was defined
as the amount of time (s) participants could maintain inten-
sity above 40 RPM pedaling cadence (Astorino et al. 2000;
Vivodtzev et al. 2011). Reliability and coefficient of vari-
ation for TTE protocol have been reported as ICC = 0.71
and 3.8 %, respectively (Smith et al. 2009). Lactate meas-
urements were taken from the fingertip (Tobias et al. 2013)
and analyzed immediately at rest, directly after TTE cessa-
tion, and after a 20-min seated recovery period (Accutrend
Lactate Monitor, Indianapolis, IN). TWC was calculated
by multiplying time (s) during the TTE test and the power
output (W), divided by 1000 to get the final product in kilo-
joules (Smith et al. 2009).

Blinding efficacy and side effects
Upon completion of the supplementation intervention, sub-

jects were asked which supplement they believed they had
consumed. Subjects were also asked if they experienced
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Table 1 Subject demographic data

PLA BA p
value
Age (years) 53+1 54+2 0.463
Height (cm) 162.33 £2.50 163.00 £2.08 0.839
Mass (kg) 68.70 +£5.64 64.01 £2.82 0.466
Body fat (%) 3297 +£2.70 28.05+3.88 0.309
Time cycling (year) 5.86+£2.20 7.20£2.12 0.667

Distance cycled/week (km) 135.18 +7.88 144.76 + 15.03 0.579

All data are expressed as mean =+ se

No differences existed between groups for any variables. Significance
level was set at « < 0.05

BA beta-alanine, PLA placebo

any side effects throughout the course of the study related
to the supplement ingested.

Statistical analyses

Statistical Analysis System (SAS) version 9.4 (Cary, IN)
was used to analyze all data. Repeated measure analysis of
variance (ANOVA) was used to evaluate food logs at the
pre-, mid-, and post-time points. T tests evaluated initial
TTE, TWC, and lactate values between groups to ensure
no significant differences existed at baseline. To assess the
effects of supplementation on TTE, TWC, and lactate lev-
els between groups, investigators utilized a 2 (group) x 5
(time; baseline, 7, 14, 21, and 28 days) between-within
repeated measures ANOVA for each variable. Addition-
ally, separate 2 (group) x 3 (time; pre, immediately post,
and 20 min post) repeated measures ANOVA was used to
examine any differences in lactate levels between groups
within each week’s trial. An alpha level of p < 0.05 defined
significance for the repeated measures model. For statisti-
cally significant F' scores, simple main effects were ana-
lyzed with one-way factorial ANOVAs for each time point.
Fisher’s exact test evaluated the subject’s ability to deter-
mine supplement ingestion throughout the study. All data
are reported as mean =+ se.

Results

There were no initial significant differences (p > 0.05)
between groups for demographic variables (Table 1) or
aerobic capacity (i.e., VOZPeak; Table 2). Similar values for
aerobic capacity from pre- to post-testing also confirmed
that the subjects were performing at 120 % of VO, for
each TTE evaluation. When examining weekly dietary
logs between BA and PLA, no significant differences were
observed for overall total kilocalorie intake or individual
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macronutrient (carbohydrate, fat, protein) breakdowns
within or between groups at the pre-, mid-, or post-time
points (Table 3).

Time to exhaustion

No initial significant differences existed between groups
at the pre-testing time point (F = 2.30, p = 0.15).
Repeated measures ANOVA revealed a significant interac-
tion between groups throughout the 28-day intervention
(»p = 0.002). Follow-up univariate analysis indicated that
by the 28th day, BA significantly (F = 5.71, p = 0.03)
increased TTE (23 %) compared to PLA (1 %) when com-
pared to baseline values; however, no differences were
observed during any of the intermittent weeks (Fig. 1a).

Total work completed

Similar results were observed for TWC (p = 0.001) in ref-
erence to performance increases (Fig. 1b). No initial signif-
icant differences were observed between groups (F = 0.22,
p = 0.65) and BA did not elicit increases in TWC before
28 days. However, at the 28th day, TWC was significantly
greater (F' = 5.65, p = 0.03) in BA compared to PLA (21
vs. 2 %, respectively) when compared to baseline values.

Lactate

No significant differences existed between groups for
blood lactate levels at the rest, immediate post, or 20-min
rest intervals at pre-testing (all p > 0.05). Repeated meas-
ures ANOVA revealed lactate measures taken at rest
(p = 0.96) and immediately after completion of the TTE
test (p = 0.13) were not significantly different between
BA and PLA over the course of the intervention. How-
ever, a significant group by time interaction (p = 0.01) was
observed between groups for lactate levels after the 20-min
rest interval (Fig. 2). Univariate analyses indicated that lac-
tate was 24 % lower (F = 4.70, p = 0.04) for BA when
compared to PLA by the 28th day (4.35 vs. 5.76 mmol/L,
respectively), although there was a trend for significance by
the 21st day (F = 4.12, p = 0.056).

Blinding efficacy and side effects

Fisher’s exact test indicated the subjects were unable to
accurately assess which supplement they had consumed
based on a 2 (supplement guess) x 2 (accuracy) analysis
(p = 0.31). Accurate guesses for the BA and PLA groups
were recorded as 23 and 32 %, respectively. Only one sub-
ject reported feelings of paresthesia throughout the course
of the intervention. All analyses were run without and with
the subject experiencing side effects during the trials. No
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Table 2 Aerobic capacity between groups

Pre p value Post p value
BA PLA BA PLA
VO,ppak (L/min) 2.28 £ 0.65 2.31£0.49 0.903 245+£045 2.28 £0.47 0.411
VO,ppak (mL/kg/min) 39.13 £ 8.46 36.51 £ 8.27 0.472 39.82 + 8.88 36.15+7.84 0.316
Metabolic equivalent of task 10.69 £ 2.54 10.44 £2.36 0.810 11.33 £2.44 10.31 £2.25 0.321

All data are expressed as mean =+ se

No significant differences were observed over time between or within groups from the initial to post-testing trials. Significance level was set at

a<0.05

BA beta-alanine, PLA placebo

Table 3 Dietary intake values between supplementation groups

BA PLA
PRE
Total kilocalories 1802.10 + 508.05 2189.71 £+ 477.38
Carbohydrates (g) 182.82 £ 61.78 249.30 + 68.30
Fats (g) 69.38 +22.17 79.96 + 24.58
Protein (g) 90.15 £ 26.60 96.96 £+ 27.09
MID

Total kilocalories
Carbohydrates (g)

1752.11 £ 344.96
175.70 £ 57.15

1889.01 £ 532.35
224.19 +£93.20

Fats (g) 75.41 £22.71 66.78 +23.97

Protein (g) 87.96 £+ 25.34 85.59 £+ 18.37
POST

Total kilocalories 1770.83 £ 549.49 1897.91 £ 617.02

Carbohydrates (g) 187.20 + 58.91 227.81 + 89.80

Fats (g) 69.08 +23.88 68.66 & 31.05

Protein (g) 100.31 + 28.52 88.52 +£27.12

All data are expressed as mean =+ se

No differences were observed for dietary intake between groups or
over time. Significance level was set at « < 0.05

BA beta-alanine, PLA placebo, PRE pre-testing, MID 2 week time
point, POST 4 week time point

changes were detected for any of the analyses and as a
result, the subject was included in the final statistical mod-
els. One subject was forced to drop out due to repeated
headaches, which she believed was related to the supple-
ment she was ingesting. At the completion of the study, it
was established that she was in the PLA group and her data
have not been included in the final analyses.

Discussion

These are the first data evaluating the efficacy of BA sup-
plementation on exercise performance in MA, independ-
ent of gender. The purpose of this study was to examine
the longitudinal effects of BA supplementation on TTE,

TWC, and post-exercise lactate clearance rates in female
MA cyclists. Overall results support previous literature
suggesting that BA significantly increases performance
during exercise lasting 60-240 s (Hobson et al. 2012).
This is comparable to recent data demonstrating increases
in cycling TWC in college-aged men after high-inten-
sity training combined with BA supplementation (Smith
et al. 2009). Similar positive results have been observed
in females for submaximal cycling performance and TTE
after 28-day supplementation periods (Stout et al. 2006b).
However, these results were obtained in untrained younger
subjects and it is important to understand if these effects
are present among MA.

Exercise performance

The use of BA to increase intramuscular carnosine plays
an important role during exercise (Sale et al. 2010) and as
exercise intensity increases, carnosine becomes an inte-
gral component for improving performance (Hobson et al.
2012). Baseline levels of intramuscular carnosine vary
between males and females (Everaert et al. 2011) and com-
pared to males, females require lower levels of BA sup-
plementation to obtain similar relative carnosine increases
(Stegen et al. 2014). Taken together with the fact that car-
nosine loading is further augmented in trained muscles
(Bex et al. 2014), trained females may be more sensitive to
BA supplementation in reference to increasing intramuscu-
lar carnosine concentrations. Results from this investigation
support this concept as female MA significantly increased
TTE (23 %) and TWC (21 %) during cycling after 28 days
of BA supplementation compared to age-matched controls.
Previous literature has evaluated the effects of BA sup-
plementation on cycling performance in males (Hill et al.
2007; Smith et al. 2009). Initial work concluded that exog-
enous ingestion of BA increased TWC 13 % after 4 weeks
of supplementation and an additional 3 % increase after
another 6 weeks (Hill et al. 2007). These performance
increases were suggested to be the result of increased con-
centrations of the dipeptide carnosine at each time point
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Fig. 1 a Time to exhaustion and b total work completed between
beta-alanine (BA) and placebo (PLA) groups after 28 days of supple-
mentation. Asterisk indicates a significant difference between BA and
PLA (p <0.05)

(59 and 80 % increases, respectively). More recently, Smith
et al. (2009) evaluated the use of BA to increase cycling
performance with similar findings. VO,,.,, TTE, and TWC
all significantly increased after longitudinal supplemen-
tation, potentially due to the increased buffering capacity
from increased carnosine concentrations. However, it is
important to note that the results from Hill et al. (2007) and
Smith et al. (2009) were collected only in younger, male
subjects.

Cycling performance data involving females have sug-
gested similar results as compared to males. After 28 days
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Fig. 2 Lactate rates 20 min after completion of time to exhaustion
evaluation between beta-alanine (BA) and placebo (PLA) groups after
28 days of supplementation. Asterisk indicates a significant difference
between BA and PLA (p < 0.05)

of BA supplementation, significant increases were observed
for working capacity at the onset of fatigue (14 %), venti-
latory threshold (13 %), and TTE (3 %) compared to sub-
jects supplementing with a placebo (Stout et al. 2006a).
Although the dipeptide was not measured directly, these
results were suggested to be from increased carnosine con-
centrations, ultimately resulting in an enhanced buffering
capacity. The increases in TTE and TWC in the current
investigation are markedly higher compared to previous lit-
erature involving younger females and may be an indica-
tion that older, athletic females present an ideal population
to benefit from longitudinal BA supplementation. However,
it must be noted that this study utilized a TTE evaluation at
120 % of the subject’s VO,,.,, while earlier studies used
either the time exercised during a GXT (Stout et al. 2006a)
or an intensity of 110 % VO, (Smith et al. 2009). There-
fore, it cannot necessarily be ascertained whether these ele-
vated increases in TTE and TWC are a direct reflection of
the population tested or if the type of evaluation also had an
effect on performance outcomes. Further research needs to
be conducted in female MA to determine overall efficacy of
BA supplementation for athletic improvements in compari-
son to trained and untrained, younger female populations.

Lactate accumulation and clearance

Although in the current investigation BA supplementation
increased various indices related to exercise performance in
female MA cyclists, this was independent from changes in
peak lactate accumulation immediately after TTE comple-
tion. Previous literature evaluating peak lactate accumula-
tion are equivocal. Although numerous studies indicate BA
has no effect on peak lactate accumulation (Baguet et al.
2010; Kern and Robinson 2011; Van Thienen et al. 2009),
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other investigations have proposed otherwise (Ghiasvand
et al. 2012; Tobias et al. 2013). However, regardless of peak
lactate accumulation, it is important to note these investiga-
tions did not measure the effects on lactate clearance dur-
ing recovery.

When investigating lactate clearance, studies involv-
ing BA supplementation have measured blood lactate up
to 5 min after completion of high-intensity exercise (Sale
et al. 2011; Tobias et al. 2013). Although Sale et al. (2011)
observed no significant differences in lactate clearance
when compared to subjects consuming a placebo, Tobias
et al. (2013) determined that BA supplementation resulted
in reduced levels of lactate clearance after 28 days of sup-
plementation. As it can take an hour or more for blood lac-
tate to return to baseline levels (Karlsson 1971), a 5-min
recovery measure may not be adequate to determine the
efficacy of BA on post-exercise lactate clearance. In the
current study, blood lactate was 24 % lower in BA 20 min
after completion of TTE compared to PLA. From a prac-
tical point of view, these findings translate into attractive
implications for athletes during competitive races. Dur-
ing sanctioned competition, cyclists reach higher levels of
exertion during elevated climbs or intermittent sprints when
pulling a team. Throughout a longer-duration race (e.g.,
century rides), cyclists may be forced to endure multiple
high-intensity bouts which go beyond steady-state exercise
(Andez-Garcia et al. 2000; Rodriguez-Marroyo et al. 2009)
leading to elevated lactate accumulation (Gladden 2004;
Wasserman et al. 1986). As increased carnosine levels lead
to increased buffering capacity, this may improve lactate
clearance, ultimately leading to improved performance
times.

Limitations

The results of this study are based on the premise that perfor-
mance increases are directly related to increases in intramus-
cular carnosine concentrations; however, carnosine was not
directly measured in this investigation. Several recent studies
have indicated significant increases in carnosine concentra-
tions based on at least 28 days of BA supplementation (Hill
et al. 2007; Kendrick et al. 2009) and this study utilized dos-
ing strategies previously reported to be sufficient for these
increases to occur (Hobson et al. 2012). This indicates the
increases in performance are related to elevated intramuscu-
lar carnosine levels; however, this cannot be confirmed based
on this investigation. Other limitations included the inabil-
ity to directly control dietary intake and exercise activity.
Although subjects reported maintenance of regular training
programs and no differences existed between groups for total
kilocalorie or macronutrient intakes throughout the study,
this is reliant on subject honesty and accurate recordings.

Similar VO, values pre- and post-supplementation also
confirm training status was maintained throughout the study
and that the increases in performance were a result of BA
supplementation and not training.

Conclusion

These are the first data evaluating the ergogenic effects of
BA on performance measures in female MA. The main
findings of this study indicate 28 days of BA supplementa-
tion increases TTE and TWC in female MA with associated
increases in rate of lactate clearance. However, there is much
to be clarified as to the ergogenic role BA has on performance
in this population. Although female MA have the potential to
experience enhanced performance increases from BA sup-
plementation, this needs to be clarified through comparisons
to age-matched males and younger female, trained cyclists.
Future investigations should directly evaluate carnosine con-
centrations amongst MA populations, allowing for compari-
sons to be made from basic and applied perspectives.

Acknowledgments The authors would like to thank Powder City™
for donating the beta-alanine used for this investigation. We would
also like to thank Carly Arnold, Landon Lavene, Mikaila Davis,
Aaron Martinez, and Lauren Wethington for their help during the pre-
paratory requirements and data collection processes.

Compliance with ethical standards

Conflict of interest The authors declare they have no conflicts of
interest associated with this study.

References

Andez-Garcia BF, Perez-Landaluce J, Rodriguez-Alonso M, Terrados
N (2000) Intensity of exercise during road race pro-cycling com-
petition. Med Sci Sports Exerc 32(5):1002-1006

Astorino TA, Robergs RA, Ghiasvand F, Marks D, Burns S (2000)
Incidence of the oxygen plateau at VO,,,,, during exercise test-
ing to volitional fatigue. J Exerc Physiol Online 3(4):1-12

Baguet A, Koppo K, Pottier A, Derave W (2010) p-Alanine sup-
plementation reduces acidosis but not oxygen uptake response
during high-intensity cycling exercise. Eur J Appl Physiol
108(3):495-503

Bex T, Chung W, Baguet A, Stegen S, Stautemas J, Achten E, Der-
ave W (2014) Muscle carnosine loading by beta-alanine supple-
mentation is more pronounced in trained vs untrained muscles. J
Appl Physiol 116(2):204-209

Culbertson JY, Kreider RB, Greenwood M, Cooke M (2010) Effects
of beta-alanine on muscle carnosine and exercise performance: a
review of the current literature. Nutrients 2(1):75-98

del Favero S, Roschel H, Solis MY, Hayashi AP, Artioli GG, Otaduy
MC, Leite CC (2012) Beta-alanine (carnosyn™) supplementa-
tion in elderly subjects (60—80 years): effects on muscle carnos-
ine content and physical capacity. Amino Acids 43(1):49-56

Derave W, Ozdemir MS, Harris RC, Pottier A, Reyngoudt H, Koppo
K, Achten E (2007) B-Alanine supplementation augments

@ Springer



2600

J. M. Glenn et al.

muscle carnosine content and attenuates fatigue during repeated
isokinetic contraction bouts in trained sprinters. J Appl Physiol
103(5):1736-1743

Derave W, Everaert I, Beeckman S, Baguet A (2010) Muscle carno-
sine metabolism and B-alanine supplementation in relation to
exercise and training. Sports Med 40(3):247-263

Eudy AE, Gordon LL, Hockaday BC, Lee DA, Lee V, Luu D, Ambrose
PJ (2013) Efficacy and safety of ingredients found in preworkout
supplements. Am J Health Syst Pharm 70(7):577-588

Everaert I, Mooyaart A, Baguet A, Zutinic A, Baelde H, Achten E,
Derave W (2011) Vegetarianism, female gender and increasing
age, but not CNDP1 genotype, are associated with reduced mus-
cle carnosine levels in humans. Amino Acids 40(4):1221-1229

Ghiasvand R, Askari G, Malekzadeh J, Hajishafiee M, Daneshvar P,
Akbari F, Bahreynian M (2012) Effects of six weeks of $-alanine
administration on VO, ... time to exhaustion and lactate con-
centrations in physical education students. Int J Prev Med
3(8):559-563

Gladden LB (2004) Lactate metabolism: a new paradigm for the third
millennium. J Physiol 558(1):5-30

Halson SL, Bridge MW, Meeusen R, Busschaert B, Gleeson M, Jones
DA, Jeukendrup AE (2002) Time course of performance changes
and fatigue markers during intensified training in trained cyclists.
J Appl Physiol 93(3):947-956

Hill C, Harris R, Kim H, Harris B, Sale C, Boobis L, Wise JA (2007)
Influence of B-alanine supplementation on skeletal muscle carno-
sine concentrations and high intensity cycling capacity. Amino
Acids 32(2):225-233

Hobson R, Saunders B, Ball G, Harris R, Sale C (2012) Effects of
B-alanine supplementation on exercise performance: a meta-
analysis. Amino Acids 43(1):25-37

Hodge K, Allen JB, Smellie L (2008) Motivation in masters sport:
achievement and social goals. Psychol Sport Exerc 9(2):157-176

Hoffman J, Ratamess NA, Faigenbaum AD, Ross R, Kang J, Stout
J, Wise JA (2008) Short-duration f-alanine supplementation
increases training volume and reduces subjective feelings of
fatigue in college football players. Nutr Res 28(1):31-35

Karlsson J (1971) Lactate in working muscles after prolonged exer-
cice. Acta Physiol Scand 82(1):123-130

Kavanagh T, Shephard RJ (1977) The effects of continued training on
the aging process. Ann NY Acad Sci 301(1):656-670

Kendrick IP, Harris RC, Kim HJ, Kim CK, Dang VH, Lam TQ, Wise
JA (2008) The effects of 10 weeks of resistance training com-
bined with B-alanine supplementation on whole body strength,
force production, muscular endurance and body composition.
Amino Acids 34(4):547-554

Kendrick IP, Kim HJ, Harris RC, Kim CK, Dang VH, Lam TQ, Wise
JA (2009) The effect of 4 weeks pB-alanine supplementation and
isokinetic training on carnosine concentrations in type I and II
human skeletal muscle fibres. Eur J Appl Physiol 106(1):131-138

Kern BD, Robinson TL (2011) Effects of p-alanine supplementation
on performance and body composition in collegiate wrestlers
and football players. J Strength Cond Res 25(7):1804-1815

McCormack WP, Stout J, Emerson NS, Scanlon TC, Warren AM,
Wells AJ, Fragala MS (2013) Oral nutritional supplement forti-
fied with beta-alanine improves physical working capacity in
older adults: a randomized, placebo-controlled study. Exp Ger-
ontol 48(9):933-939

National Senior Games Association (2013) History of the NSGA.
http://www.nsga.com/history.aspx. Accessed 15 Dec 2014

Rodriguez-Marroyo JA, Garcia-Lopez J, Juneau CE, Villa JG (2009)
Workload demands in professional multi-stage cycling races of
varying duration. Br J Sports Med 43(3):180-185

@ Springer

Rosenbloom C, Bahns M (2006) What can we learn about diet
and physical activity from master athletes? Holist Nurs Pract
32(3):1-6

Sale C, Saunders B, Harris RC (2010) Effect of beta-alanine supple-
mentation on muscle carnosine concentrations and exercise per-
formance. Amino Acids 39(2):321-333

Sale C, Saunders B, Hudson S, Wise JA, Harris RC, Sunderland
CD (2011) Effect of beta-alanine plus sodium bicarbonate
on high-intensity cycling capacity. Med Sci Sports Exerc
43(10):1972-1978

Simmonds MJ, Minahan CL, Sabapathy S (2010) Caffeine improves
supramaximal cycling but not the rate of anaerobic energy
release. Eur J Appl Physiol 109(2):287-295

Smith A, Walter AA, Graef JL, Kendall KL, Moon JR, Lockwood
CM, Stout J (2009) Effects of p-alanine supplementation and
high-intensity interval training on endurance performance and
body composition in men; a double-blind trial. J Int Soc Sports
Nutr 6(1):1-9

Smith A, Stout J, Kendall K, Fukuda D, Cramer J (2012) Exercise-
induced oxidative stress: the effects of f-alanine supplementa-
tion in women. Amino Acids 43(1):77-90

Stegen S, Bex T, Vervaet C, Vanhee L, Achten E, Derave W (2014)
Beta-alanine dose for maintaining moderately elevated muscle
carnosine levels. Med Sci Sports Exerc 46(7):1426-1432

Stout J, Cramer JT, Mielke M, O’kroy J, Torok DJ, Zoeller RF
(2006a) Effects of twenty-eight days of beta-alanine and creatine
monohydrate supplementation on the physical working capac-
ity at neuromuscular fatigue threshold. J Strength Cond Res
20(4):928-931

Stout J, Cramer J, Zoeller R, Torok D, Costa P, Hoffman J, Okroy
J (2006b) Effects of B-alanine supplementation on the onset of
neuromuscular fatigue and ventilatory threshold in women.
Amino Acids 32(3):381-386

Stout J, Graves BS, Smith AE, Hartman MJ, Cramer JT, Beck TW,
Harris RC (2008) The effect of beta-alanine supplementation on
neuromuscular fatigue in elderly (55-92 years): a double-blind
randomized study. J Int Soc Sports Nutr 5(1):1-6

Striegel H, Simon P, Wurster C, Niess A, Ulrich R (2005) The use of
nutritional supplements among master athletes. Int J Sports Med
27(3):236-241

Tanaka H, Seals DR (2008) Endurance exercise performance in mas-
ters athletes: age-associated changes and underlying physiologi-
cal mechanisms. J Physiol 586(1):55-63

Tobias G, Benatti FB, de Salles PV, Roschel H, Gualano B, Sale C,
Artioli GG (2013) Additive effects of beta-alanine and sodium
bicarbonate on upper-body intermittent performance. Amino
Acids 45(2):1-9

Van Thienen R, Van Proeyen K, Vanden EB, Puype J, Lefere T, Hes-
pel P (2009) Beta-alanine improves sprint performance in endur-
ance cycling. Med Sci Sports Exerc 41(4):898-903

Vivodtzev I, Gagnon P, Pepin V, Saey D, Laviolette L, Brouillard
C, Maltais F (2011) Physiological correlates of endurance time
variability during constant-workrate cycling exercise in patients
with COPD. PLoS One 6(2):1-8

Wasserman K, Beaver WL, Whipp BJ (1986) Mechanisms and pat-
terns of blood lactate increase during exercise in man. Med Sci
Sports Exerc 18(3):344-352

Weber CL, Schneider DA (2001) Reliability of MAOD measured at
110 % and 120 % of peak oxygen uptake for cycling. Med Sci
Sports Exerc 33(6):1056—1059


http://www.nsga.com/history.aspx

	Incremental effects of 28 days of beta-alanine supplementation on high-intensity cycling performance and blood lactate in masters female cyclists
	Abstract 
	Introduction
	Materials and methods
	Subjects
	Experimental design
	Supplementation protocol
	Aerobic capacity testing protocol (VO2peak)
	Time to exhaustion (TTE), total work completed (TWC), and lactate measurements
	Blinding efficacy and side effects
	Statistical analyses

	Results
	Time to exhaustion
	Total work completed
	Lactate
	Blinding efficacy and side effects

	Discussion
	Exercise performance
	Lactate accumulation and clearance

	Limitations
	Conclusion
	Acknowledgments 
	References




