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Background: B-alanine is a well-established ergogenic aid that enhances muscle Received 24 February 2025
carnosine levels and buffering capacity during high-intensity efforts. However, its Accepted 17 September 2025
role in improving strength and power performance remains inconsistent across KEYWORDS

the literature. This systematic review investigates whether dosing strategy, rather Beta alanine; power

than duration alone, is the critical determinant of efficacy in resistance-trained performance; muscle
populations. strength; dosing strategy;
Methods: A systematic search was conducted across PubMed, SPORTDiscus, Scopus, muscle carnosine

Web of Science, and Google Scholar up to 28 May 2025, following PRISMA guidelines.
Studies were included based on the PICO framework, targeting trained individuals
receiving B-alanine supplementation with defined dosing protocols and strength- or
power-based outcomes. Methodological quality was assessed using the Joanna Briggs
Institute tools.

Results: Nine studies comprising 197 participants were reviewed. Daily B-alanine
doses between 4 g and 6.4 g, especially when divided into multiple smaller servings
such as 0.8 g taken several times a day, were more likely to enhance maximal
strength and power-related outcomes. In contrast, studies that used high total
doses but relied on sustained-release formats, single large servings, or training
protocols with limited metabolic stress such as low volume or long rest intervals
often failed to show improvements in performance. These findings suggest that
cumulative dose and delivery method may play a more critical role than duration
alone in promoting strength and power adaptations.

Conclusion: To optimize strength and power outcomes, B-alanine supplementation
should emphasize fragmented dosing protocols of 4-6.4 g/day sustained over 5-8-
weeks, particularly when implemented during training phases characterized by high
metabolic stress — such as repeated submaximal efforts, short rest intervals, or high-
volume hypertrophy sessions that elevate intramuscular acidity. These findings offer
refined guidelines for coaches, athletes, and sport nutrition practitioners, and highlight
the need for more individualized and mechanistically informed supplementation
strategies.

1. Introduction
1.1. Role of B-alanine in muscle carnosine synthesis and exercise performance

The optimization of nutritional strategies is a critical component of athletic performance, supporting
enhanced training adaptations, improved recovery, and elevated physical output [1,2]. Among ergogenic
aids, B-alanine stands out as a non-essential amino acid that plays a unique role in buffering intramuscular
acidity. As the rate-limiting precursor to carnosine, a dipeptide concentrated in skeletal muscle (3-alanine
contributes directly to the intracellular buffering of hydrogen ions (H*), delaying fatigue and preserving
muscular function during high-intensity exercise [3,4]. This mechanism is particularly beneficial in strength
and power-based activities where repeated bouts of anaerobic exertion induce significant acid-base dis-
turbances [5,6].
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1.2. Inconclusive findings on B-alanine’s impact on strength performance

While -alanine’s role in enhancing anaerobic performance is well-documented [4,7], evidence regard-
ing its effectiveness for improving maximal strength remains inconsistent. Some studies have demon-
strated significant improvements in one-repetition maximum (1RM) and related strength and power
metrics following daily intakes of approximately 6.4 grams [8,9]. However, other trials using similar
daily doses have shown no greater benefit than placebo [10-13]. These discrepancies indicate that
factors beyond supplementation duration — such as dosing structure and compatibility with training
variables like repeated submaximal sets, short rest intervals, or high-volume hypertrophy phases - may
play a more critical role in optimizing intramuscular carnosine accumulation and performance
outcomes.

A well-documented side effect of high-dose B-alanine supplementation is paresthesia, a harmless but
uncomfortable tingling sensation that typically occurs when single doses exceed around 0.8 grams. While
not dangerous, this sensation may reduce user compliance. This highlights the importance of fragmented
dosing protocols, where multiple smaller servings throughout the day help maintain effective carnosine
synthesis while minimizing side effects. These observations suggest that both the total daily intake and the
amount per serving are critical factors influencing tolerability and performance outcomes.

1.3. Rationale for focusing on dose as a determinant of strength and power performance

Previous research and reviews on {3-alanine supplementation have primarily emphasized the importance of
supplementation duration in achieving ergogenic effects, particularly for endurance and high-intensity
efforts [4,14]. However, emerging evidence suggests that cumulative dose and daily intake patterns may
exert a more decisive influence than duration alone in the context of strength and power performance [15].

Notably, several studies employing similar total daily doses (e.g. =6.4 g/day) have reported inconsistent
outcomes, highlighting the need to examine how dosing structure such as frequency, per-serving amount,
and formulation affects muscle carnosine kinetics and training adaptations [15-17]. While meta-analyses
have confirmed B-alanine’s role in enhancing high-intensity performance through improved buffering
capacity [4,6], its translation to strength and power gains appears to require more individualized and
precisely structured dosing protocols.

The present study aims to address these gaps by evaluating the effects of varying p-alanine dosing
strategies on strength performance. By synthesizing evidence from existing literature, we seek to provide
practical recommendations for athletes and practitioners while identifying key directions for future research.
The present review will contribute to refining -alanine supplementation protocols, ensuring their applic-
ability across diverse strength training contexts.

2. Methods
2.1. Protocol registration

This systematic review protocol was registered in the PROSPERO database (Registration ID:
CRD420251078765) and is publicly available at: https://www.crd.york.ac.uk/PROSPERO/display_record.php?
ID=CRD420251078765. The protocol was registered prior to data extraction to enhance methodological
transparency and minimize risk of bias.

2.2. Search strategy and study selection

This systematic review followed the PICO framework. Eligible populations (P) included healthy, physically
active adults or youth, such as resistance-trained individuals and athletes. Studies involving clinical
populations or individuals with known medical conditions were excluded. The intervention (I) included
B-alanine supplementation of any dosing strategy, formulation, or duration. Studies using multi-
ingredient supplements were excluded unless -alanine’s effects could be clearly isolated. The compara-
tors (C) were placebo or nonintervention control groups. The outcomes (O) were strength- and power-
related performance measures, including one-repetition maximum (1RM), isometric or isokinetic
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strength, or other validated assessments. Only randomized controlled trials (RCTs) and quasi-
experimental studies were included; observational studies, case reports, and non-controlled trials were
excluded.

To address the research objective—f-alanine supplementation for strength and power performance -
a comprehensive literature search was conducted from May 20 to 28 May 2025, across five databases:
PubMed, SPORTDiscus, Scopus, Web of Science, and Google Scholar. Boolean operators were used to refine
the search string: (“B-alanine” OR “beta-alanine”) AND (“strength” OR “resistance training” OR “muscle
strength”) AND (“dosage” OR “dosing protocols” OR “ergogenic aid”). The number of records retrieved
were: PubMed (n=37), SPORTDiscus (n=85), Scopus (n=132), Web of Science (n=249), and Google
Scholar (n = 3,620, based on manual screening of the first 200 results).

Following de-duplication, titles and abstracts were screened according to the predefined inclusion and
exclusion criteria. Full-text articles of potentially relevant studies were retrieved for detailed evaluation. No
automated filters for study design were applied during the initial database search to avoid overly restrictive
results; instead, eligible designs (RCTs and one quasi-experimental study) were confirmed during the full-text
review stage. Additionally, reference lists of relevant systematic reviews and meta-analyses were manually
examined to ensure comprehensive coverage of all pertinent literature.

2.3. Inclusion criteria

Studies were included if they involved recreationally active male individuals or trained athletes engaged in
regular resistance training or structured physical activity. Eligible studies had to examine strength or power-
related outcomes, such as 1RM, isometric or isokinetic strength, or other validated muscular strength or
power measures. Detailed descriptions of $-alanine dosing and duration were required. Only peer-reviewed,
full-text articles in English were included.

2.4. Exclusion criteria

Studies were excluded if they involved sedentary, untrained, or clinical populations. Research using multi-
ingredient supplements was excluded unless 3-alanine effects could be isolated. Studies were also excluded
if they lacked clear supplementation details or did not assess strength- or power-related outcomes. Research
focused solely on nonperformance outcomes such as cognition, biomarkers was outside the scope of this
review. Additionally, studies restricted participation to males to reduce variability linked to hormonal
fluctuations, as menstrual cycle phases and estrogen-progesterone dynamics can affect carnosine metabo-
lism, substrate use, and training adaptations in women [15].

2.5. Assessment of methodological quality

Methodological quality was assessed independently by two reviewers using the Joanna Briggs Institute (JBI)
Critical Appraisal Tools for both randomized controlled trials (RCTs) and quasi-experimental studies. These
tools were chosen for their suitability in evaluating intervention-based research within exercise and sports
nutrition contexts. [18] They provided a structured framework to appraise essential methodological elements
such as randomization, allocation concealment, blinding, baseline comparability, and outcome measure-
ment - criteria particularly relevant for performance-based outcomes. Any discrepancies between reviewers
were resolved through discussion or, if needed, consultation with a third reviewer. Although alternative tools
like GRADE exist for evaluating certainty of evidence in clinical guideline development, their scope is less
aligned with the objectives of this non-clinical review. As such, the JBI tools were deemed most appropriate
for assessing study rigor and internal validity in this context.

2.6. Study selection process

The study selection process was conducted in three key stages and performed entirely manually,
without the use of Al-supported screening platforms. All screening, full-text review, and data
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extraction were completed by the lead author in accordance with predefined inclusion and exclusion
Criteria.

(1) Initial Screening: Titles and abstracts of all retrieved studies were reviewed, and studies that did not
have -alanine supplementation as a primary focus or lacked full-text availability were excluded.

(2) Full-Text Review: The remaining studies underwent a detailed assessment for methodological quality
and alignment with the review’s objective. Studies meeting the inclusion criteria proceeded to the
final analysis.

(3) Final Selection and Review Synthesis: This phase involved synthesizing results from the selected studies
and constructing the final review, which highlighted findings from studies reporting both positive and
negative effects of B-alanine dosing on strength and power performance.

3. Results
3.1. Study selection

A total of 4,123 records were retrieved across five databases: PubMed (n = 37), SPORTDiscus (n = 85), Scopus
(n=132), Web of Science (n =249), and Google Scholar (n = 3,620; first 200 results screened manually). After
removing 506 duplicates, 3,617 records remained for title and abstract screening. Of these, 3,253 were
excluded based on relevance.

Subsequently, 364 full-text articles were assessed, with 356 excluded due to ineligible populations,
interventions, outcomes, or study designs. An additional 32 articles were identified through manual citation
searches; 31 of these were excluded upon full-text review. Ultimately, 9 studies met the inclusion criteria. The
PRISMA 2020 flow diagram (Figure 1) summarizes the full selection process.

3.2. Study characteristic

The total number of participants across the 9 studies reviewed was 197, including experienced resistance-
trained males (n=28), recreationally resistance-trained males (n=24), resistance-trained men (n=19),
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—
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*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total number across all databases/registers).

**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools.

Figure 1. Preferred reporting items for systematic reviews flow diagram.
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strength-trained men (n=30), healthy trained men (n=20), physically active males (n=13), collegiate
wrestlers and football players (n=37), and trained students with limited resistance training experience
(nh =26).

The duration of supplementation spanned from 4 weeks [1,10,13,19] to 8 weeks [12,20,21], while one
study utilized a 5-week regimen [8] and another implemented a 10-week protocol [11]. The B-alanine
supplementation protocols exhibited variability across the studies, with daily doses ranging from 3.2 g to
6.4 g. 3-Alanine was administered in various forms, including capsules, tablets, or gels, with daily doses often
divided into multiple smaller servings (e.g. 0.8 g taken 4-8 times per day) [8,10,11,13,19,20]. Various assess-
ments were used to measure strength performance. These included one-repetition maximum (1RM) tests for
exercises such as the squat, bench press, and leg press [1,8,10,12,20], isometric and isokinetic strength tests
[19], isotonic endurance tests [13], and whole-body strength tests [11]. One study assessed upper-body
endurance using the 90° flexed-arm hang test [21].

Outcomes varied across studies. Five studies reported no significant improvements in strength perfor-
mance with B-alanine supplementation [1,10-13]. Conversely, five studies reported positive effects, includ-
ing improvements in 1RM strength, isometric endurance, and upper-body endurance [8,19-21]. The
characteristics of the included studies summarized in Table 1.

3.3. Study results

Our analysis revealed that total cumulative dosage, rather than duration alone, appears to play a more critical
role in the effectiveness of B-alanine supplementation on strength and power outcomes (Table 1).
Specifically, studies with cumulative B-alanine intakes nearing or surpassing 200 to 300 grams were more
likely to report improvements in one-repetition maximum strength, muscular endurance, or isokinetic
performance. For instance, Mate-Mufoz et al. administered 6.4 grams per day over five weeks, totaling
224 grams; Askari et al. used 4.8 grams per day for eight weeks, totaling 268.8 grams; and Kern and Robinson
applied 4 grams per day for eight weeks, also totaling 224 grams. These studies observed significant gains in
muscular strength and/or endurance following supplementation. Conversely, studies with similar durations
but lower cumulative intakes — such as Hoffman et al. with 4.8 grams daily for four weeks (134.4 grams total),
Freitas et al. with 6.4 grams daily for four weeks (179.2 grams total), and Bassinello et al. with 6.4 grams daily
for four weeks (179.2 grams total) — did not report significant improvements in strength or power
performance.

These observations are consistent with dose-response modeling from Rezende et al. [22], who estimated
that a cumulative dose of approximately 377 g represents the effective dose (ED50) needed to achieve 50%
of the maximum carnosine saturation response. Their Bayesian E-max model further estimated that the
probability of achieving = 70% of maximum effect increased substantially when cumulative -alanine intake
approached 1,000 g. While none of the included studies in the present review reached this upper threshold,
those approaching or exceeding 250-300 g demonstrated more favorable outcomes, particularly when
paired with consistent training stimuli and dietary intake monitoring.

Additionally, the form and frequency of administration may influence supplementation outcomes. Most
studies divided daily doses into smaller portions such as 0.8 g administered 4-8 times per day to optimize
absorption and minimize the risk of paresthesia. However, studies utilizing slow-release formulations or
larger single doses [10] tended to show limited effectiveness, suggesting that both dose distribution and
formulation type are relevant considerations for maximizing the ergogenic potential of $-alanine.

Together, these findings highlight the importance of evaluating total cumulative intake, dosing strategy,
and supplement formulation when interpreting the variability in strength outcomes across B-alanine trials.
Duration alone appears insufficient as a predictive factor of efficacy without accounting for these additional
variables.

3.4. Methodological quality

The methodological rigor of the studies was evaluated using the Joanna Briggs Institute (JBI) checklists. The 8
RCTs displayed variability in methodological reporting (Table 2). Blinding of outcome assessors was either
unclear or not reported in four studies [8,19-21], which raises potential concerns about detection bias.



—
<
[
1]
V)
=z
o}
=
%

(@>ueINpUd pue (ol]92XBAU) S9INSded BRETIE]

yibuans Apoq pa||y-95011Xap (SL+2e SAINSOd

Jaddn panosdwy) (sdnoib Y3M paydlew = u) siaked - 1102

SpU0dSS €/ 4M/g4) Mg Bx/b61°L-9/°0 paulejuiew oqgade|d {(s)o9m 8 (3nsde> ‘Aep ||eq1004 “uosulqoy

F6'9 J0 awn (HY4) pauodal :up104d ‘6'G€—6°1T By 13Ip [ensn ‘g 33\ buunp ‘sasop g ul Aep J7X B 7) sHHoam g pue SI3[3saIm pue
HV4 ul aseanu]  Buey wie-paxay ,06 SUON  /|edy ‘piodai 1alp Aep-¢ — s9A  pazAjeue piodas pooy Aep-¢ /b ) sojnsded passpmod byze 10} Kep/6 01 31e163]]0) uiy

JIAW (OIAW) uondenuod
%G 18 SIOSUIXD J32WOs|

9uy AJejun|oA jewixew BRETIE]

ay1 jo fydeded 0GP 1B SIOSUDIXD pawiyuod s|easalul y-g 1e Aep (s19]qe1 ‘Aep/g (€L =u) SAINSOd

9dueINpud 99Uy 3Y} Jo pauodal A|jeqJan adueldwod /B9 “(Kep/8 X b 8°0) X bg0) syeam ¢ sajew -710T
sanoJdw|  ddURINPUD DLIBWOS| SUON pauodal suoN ‘pauleluiew 131p [ensn $19|qe} ULIXapOoY e (44} 10y Kep/b 49 dnnde Ajjedishyd “le 13 3|es

IRETIE]

S)99M 9 10} Aep (s1919e1 ‘Aep/9 dA1ISOd

WYL ul ssaud pauodal Bunioyuow Aieyaip /68 ‘(kep/9 X 680) x 6g0) syaom g (0z =u) usw -610¢
panosdwi yibuang B3| ‘ssaud yousq WYL QUON payodal suoN ou ‘paulelulew 331p |ensn S19]qe) 35041xapA|od 6 g'89¢ 10j Aep/b gy pautes) ‘Ayieaq  “|e 19 Leysy

BRETIE]

SY99M G 10} (s3ynsde> ‘Aep/g (9z=u) SAINSO( -

Jamod pue WYy | ndino Jamod payodal Kep/b 49 ‘(Kep/g X b X 6g0) syeam g usw paules} 8107 "|e ¥
ul Juswanosdu) ‘(3enbs deg) WYL QUON payodal suoN payioday 10N 8'0) s9|nsded asouong b yzz 10§ Kep/b 49 -yibuans  zounpy-alep

dueINpUS quui| "burysal buiuien

‘y1buang 19MO| J133UOSI 03 Joud uonezipiepuels pue 131p 1UdIsISU0d FREYIE]

133U 0S| pue dL1PWos! OU ‘UOIIUIAIIUI pamojjoy syueddiied S}99M 7 10} Aep (so|nsded (0z=u) juedyiubis

10 21U030S| ‘(ssaud b3 -1s0d pue -3id passasse ((UINN [enMIA) pazAjeue /6 9 ‘(Kep/xy ‘6 80 ‘Kep/ty x B s9ew paulely ON -

J1419WoOs| pue ssaid youag) pauodal (34 ‘OHD ‘ua104d ‘|@DY) (puaxaam | + shepyaam ¢ X 7) s9|nsded aseajal 80X ) SYaM ¢ -9duesisal  gLoz “le 19
Ul JuswaAoIdW] ON  dJURINPUS JIUOLOS| SUON 9)eIUI JUSLINUOIORW — SAA  :1SOd/IUd) SAUeIp POo) Y-H7 -pautelsns paydlely b6/l 10} Aep/b 9 pasuauadx] o|jauisseg

(9z=u)
SUETeI

pautes] BRETIE]

(duIayed/|0y0d|e OU ‘1534 - Bujuien juedyiubis

'6%3) uaAIb suondNIIsul S§9am (| 1oy Aep (3|nsde> ‘Aep/g 9dULISISAI ON -

9seanul yibuains payodal 159394d |esausb /69 ‘(Kep/g x b 8°0) X B g'0) syeam oL uj 9dua1Rdxd 800T “|e 19
juedyiubis oN  yibuans Apog-sjoym JUON pauodal suoN ‘buniojuow AiedIp oN  s3nsded uLIXaPoIe b 8yt 10} Kep/b 9 paywi] oUpud)Y

‘pavodas bupsal oy

Joud uoriezipepuels ou ‘(6 paulejulew BRETIE]

oqgade|d Jano jenbg ypeg pue /6 60~ 230} ‘BY/b Y- P~ 131p |ensn {(UIMINN) juedyiubis

1yauaq pappe ssald Youag — (INY I0HD ‘BY/b £'1-9'L~ pazA|eue (pusyaam | S)99Mm g 10} Aep (saynsded ‘Aep/y (6L =u) ON -

ou pamoys 1) 3531 uonnadas payodal :uig30.4d) pasoyuow + skepyaam 7) /B9 ‘(Kep/y x 6 91) X b9|)syeamg usw paulesy €707 “le 1w
aujue|e-el1ag wnwixew-auQ JUON 9)BIUI JUBLINUOIOBW — SIA s|ledas Yz Aep-¢  sansded utxapoyely b #'8s€ 10} Kep/b 9 -9dUe)SISaY obiewe)

*s|el} ssoIde paziplepuels (s9|nsded

el ‘oudidig 196 aseajas (sz=u) 1IYd

ssaid b7 — (INY yum pazfjeue (puaraam | SoaMm 17 10} Kep/b 9 -mo|s ‘Kep/yx b s9ew paulesy uedyiubis

syuswanoidwi 1) 3533 uonnadal pauodal + sfepyaam 7) ‘(Kep/xy 680X 7) 80 X 7) SHeam ¢ -9dUeISISAI ON - 610T
juedylubls oN wnwixew-aup SUON pauodal suoN splodas pooy Aep-¢  sajnsded upxapoyeyy B ze/L 10 Aep/b 49 Ajleuoneanay “|e 19 seydlq

"burysal IRETIE]

0} Joud ayejul paziplepuels SYOIM ¥ (8=u) uedylubis

JuswaAoidwl JO uonuaw ou (udoid %ET ‘palojuow ayeul 10} Kep/b gy “(Kep/¢ (s9ynsded ‘Aep/e  s9jew paulely ON -

yibuans 1enbs YL payodal 18} %9€ ‘OHD %L¥) pazAjeue Kiea1p (10 poo4) X 6 9°1) @dueleadde X 69]) syPam -9dUe)sIsal 800 "|e 1@
juedylubis oN ‘y1buais [ewixepy JUON uonisodwod Kielalp — SaA pazA|eue sbo| pooy Aep-¢ ur paydlew sainsded B ppEl 10} Kep/b g1 pasuanadx] uewyjoH
awod1nQ JUDWISSISSY pavoday bunsa| poyisy bunoyuopy Areiaig (j0d03014 9s0Qq 10303014 uone|ndod Apnis

S10943 9pIS 41099 eyl A1eraig paroday Buiydepy ‘abesoq aAleINWIN)  uopeyudwa|ddng
‘adA£]) s|ieysg ogade|d |elol

*S3IpNIS PapN|dUl 3Y3 JO SNISIIdIDRIRYD DY} Jo Alewwns *| d|qe]



JOURNAL OF THE INTERNATIONAL SOCIETY OF SPORTS NUTRITION . 7

(8007)
‘le
/999 SIA SIA SIA ON oN SIA leapun SIA SIA }oUpu)Y
sishleuy EITEN Aejiwis dn-mojjo4 1504/9.d JU3sANd |ed13uap| lejlwis
% 9jeudoiddy  sawo0d1nQ painseapy 919|dwo)  SUBWAINSeIN dnoin uswieal]  syuedpiyed 1e3]) »9y3
IENN) ‘60 80 S9W02INQ /D 90 9|diny iSO [043U0D D €0 Fdo) pue asne) : 1D Apnis
sa1pnls |ejuswnadx3-isend 1oy IsippPIY) |4r
ool 00l 00L S'/8 0S G'/8 001 0S S8 S'/8 001 S8 00l % l|e49A0
L l L 8/L 144" 8/L l /L 8/L 8/L l 8/L l
(z100)
98 SIA SIA SIA SIA 1eapun SIA SIA Jeapun SIA SIA SIA SIA SIA ‘e 19 3fes
(8107)
‘e 1
1£°26 SIA SIA SIA SIA SIA SIA SIA 1eapun SIA SIA SIA SIA SIA Zoun\-d1epy
(L107)
uosuiqoy
k]
69/ SIA SIA SIA leapun 1eapun SIA SIA 1eapun SIA SIA SIA SIA SIA uIy|
(8007)
‘le 1
L£°T6 SIA SIA SIA SIA 1eapun SIA SIA SIA SIA SIA SIA SIA SIA uewyjoH
(6102)
007001 SIA SIA SIA SIA SIA SIA SIA SIA SIA SIA SIA SIA SIA ‘e 12 seualy
(€200)
‘le 1w
00°001 SOA SOA SOA SOA SOA SOA SOA SOA SOA SOA SIA SIA SIA obiewe)
(8107)
‘e 1
007001 SIA SIA SIA SIA SIA SIA SIA SIA SIA SIA SIA SIA SIA o||auisseg
(6102)
¥S°L9 SIA SIA SIA SIA 1eapun SIA SIA ON oN oN SIA leapun SIA ‘e 19 ueysy
% ubisaq sisAleuy d|qeldy Aejiwis paziwopuey  313|dwo) Ajjleonuap| S10SS3SSY JudWIeaI} sjuedpiued  Jejiwis pajeaduo) pasn Apnis
Jleldng  Sjeudosddy  9jeudosddy  sawodinQ painsea|y se dn-mojjo4 pajeal| Jo Buipuig Buuanipp jo sdnoin:€D uonedo||y  uoneziwopuey
€10 41o) ‘LLD sdwonnQ LD pazhjeuy 6D ‘80 sdnoup :£D 90 Jo Buipuyig ;5o Bulpug 0 4o} i}

S12d 104 ISIPP3YD 191

"salpnis |ejuawiadxa-isenb pue (1Y) S|ell Pa|joiuod paziwopues 10y IsIHIRYD (Igf) d3nisu| sbBLg euueor jo Alewwns *z a|qe]



8 (&) S-W.ONG ET AL.

Similarly, unclear or incomplete descriptions of randomization processes were observed in four studies
[1,19-21], indicating possible reporting inconsistencies.

One study [20] explicitly reported no blinding of participants and delivery personnel, which could affect
performance outcomes. Allocation concealment was not clearly described in one study [20]. On the other
hand, all studies used randomization effectively and reported reliable outcomes. Additionally, complete
participant follow-up was maintained in all studies. Three studies [10,12,13] achieved comprehensive
methodological transparency without identifiable risks of bias.

An additional quasi-experimental study [11] was reviewed (Table 2). This study showed limitations in
treatment consistency, lacked multiple pre/post measurements, and had incomplete follow-up, resulting in
an evaluation score of 66.67%. Despite these aspects, the study effectively established cause-and-effect
relationships, ensured similar participant characteristics, and reliably measured outcomes. The full critical
appraisal findings for each study are presented in Table 2.

4. Discussion
4.1. Major findings

This review highlights that while B-alanine supplementation has the potential to enhance strength and
power performance, its effectiveness appears more dependent on total daily dose, cumulative intake
and delivery strategyNotably, several studies using high doses such as >6.4 g/day still failed to yield
performance improvements particularly when dosing strategies were suboptimal such as sustained-
release forms, unfragmented dosing or when the training protocol did not induce sufficient metabolic
stress.

4.2. Dose as a primary determinant

High-dose B-alanine supplementation has been associated with greater improvements in strength-related
outcomes, particularly when the total cumulative intake exceeds approximately 200 grams. [8,20,21] These
benefits are more pronounced in training contexts involving repeated submaximal efforts and high meta-
bolic stress, which promote greater reliance on intramuscular buffering.

Across the included studies, daily B-alanine doses ranged from 4 to 6.4 grams, with total cumulative
intakes between 134.4 grams and 448 grams. [1,8,10-12,19-21] Evidence suggests that higher cumulative
doses especially those approaching or exceeding 200 grams are more likely to support improvements in
maximal strength, isometric force, and muscular endurance. [8,20,21] This relationship appears particularly
strong when supplementation is paired with resistance training protocols that induce high metabolic stress.
However, not all high-dose studies demonstrated significant performance benefits. [11,12] Those that did
not often shared specific methodological limitations. A key issue was the use of sustained-release B-alanine
formulations, which may reduce absorption efficiency and slow carnosine accumulation, thereby diminish-
ing the expected ergogenic effects. [10]

B-alanine supplementation has been associated with greater improvements in strength-related out-
comes, particularly when the total cumulative intake exceeds approximately 200 grams. These benefits are
more pronounced in training contexts involving repeated submaximal efforts and high metabolic stress,
which promote greater reliance on intramuscular buffering.

This supports earlier findings by Artioli et al. [17], who reported that only ~6% of ingested B-alanine
contributes to muscle carnosine synthesis due to the saturable nature of the TauT and PAT1 transporters.
When larger doses are consumed in fewer sittings, plasma concentrations may exceed transporter capacity,
leading to diminished muscular uptake and increased urinary excretion. Therefore, fragmented dosing
strategies such as administering 0.8 g every 3-4 hours may be more effective in maintaining optimal plasma
levels for carnosine synthesis without increasing the risk of paresthesia [6,23].

This physiological rationale aligns with findings from several included studies that failed to observe
performance benefits despite high total daily or cumulative doses. For example, Bassinello et al. [13] and
Freitas et al. [10] used 6.4 grams per day over 4 weeks but relied on sustained-release capsules and showed
no strength improvements. Similarly, Camargo et al. [20] employed a relatively high cumulative dose of 358.4
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grams over 8 weeks, but used larger single servings of 1.6 grams taken four times daily — an approach that
may have exceeded transporter capacity and compromised absorption efficiency.

4.3. Dose alone is not sufficient

Importantly, higher B-alanine doses do not necessarily lead to improved performance if the delivery method
or training conditions are not compatible with the supplement’s physiological mechanisms. B-alanine
enhances exercise performance primarily by increasing intramuscular carnosine concentrations, which buffer
hydrogen ions (H*) produced during anaerobic metabolism. This buffering delays the onset of muscular
fatigue during high-intensity efforts that generate substantial acidosis. Therefore, if supplementation pro-
tocols do not promote efficient absorption - such as using unfragmented or sustained-release forms - or if
training sessions involve minimal acid accumulation, such as those with low volume or long rest intervals, the
ergogenic potential of B-alanine may not be achieved. [11,24]

In Kendrick et al. [11], participants consumed 6.4 g/day for 10 weeks but showed no significant strength
gains. Their training protocol included 2-5-minute rest intervals between sets, which allowed sufficient time
for pH recovery and reduced the physiological demand for intramuscular buffering — thereby minimizing the
ergogenic effect of B-alanine. Similarly, Hoffman et al. [1] observed no improvements in one-repetition
maximum (1RM) after 4.8 g/day over 4 weeks. However, participants receiving p-alanine demonstrated
a significantly greater increase in total training volume, calculated as the product of sets, repetitions, and
load. This was especially evident in compound lifts like the bench press and squat, where the B-alanine group
completed more repetitions under fatigue. These findings suggest that while 3-alanine may not directly
increase maximal strength under low-acidosis conditions, it can enhance fatigue resistance, thereby support-
ing higher training loads and potentially contributing to performance over time.

These results emphasize that B-alanine is most effective in training conditions that elevate intramuscular
H* levels, such as repeated submaximal efforts, short rest periods, or high-volume hypertrophy-style training
[4,25,26]. When exercise intensity and structure do not induce substantial metabolic acidosis, the buffering
capacity of carnosine has limited influence on performance outcomes.

4.4. Total intake and performance outcomes

Hobson et al. [4], in a systematic review and meta-analysis, noted that a median total B-alanine intake of 179
g was associated with a 2.85% improvement in exercise performance, particularly in efforts lasting
60-240 seconds. However, the variability in individual responses and training modalities across studies
underscores the need for precision in matching total dose and delivery format to the metabolic demands
of exercise.

In this review, studies reporting positive outcomes typically employed total cumulative doses between
179.2 and 358 grams, delivered through fragmented or gradually increased daily intakes over 5 to 8 weeks
[8,19-21]. These protocols enhanced absorption efficiency by avoiding transporter saturation and were
paired with training modalities likely to induce acidosis, thereby maximizing the buffering benefits of
elevated intramuscular carnosine.

4.5. Strengths and limitations

4.5.1. Strengths
This systematic review provides a focused investigation of $-alanine supplementation protocols, emphasiz-
ing dose-dependent effects on strength and power outcomes — a topic underrepresented in current
literature. While previous reviews primarily addressed endurance-based or time-to-exhaustion outcomes
[4], this review specifically examines B-alanine’s influence on maximal and submaximal strength perfor-
mance across various resistance training modalities, helping to fill a key gap in sports nutrition research.
One notable strength is the synthesis of findings across studies using daily doses between 4-6.4 g,
particularly in protocols utilizing fragmented dosing strategies (e.g. 0.8 g administered multiple times
per day). These methods appear to enhance muscle carnosine availability while mitigating adverse effects
such as paresthesia [6,23], thereby promoting adherence and optimizing ergogenic efficacy.
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This review also integrates results from a diverse set of populations - including trained males,
recreational lifters, and master’s athletes — and delivery forms (capsule, gel, sustained-release),
enabling a more real-world applicable framework. Importantly, the review emphasizes that high
doses alone are insufficient if dosing frequency and absorption kinetics are not aligned with
physiological uptake capacity. This perspective enhances practical application for coaches, dietitians,
and researchers working with resistance-trained individuals.

Furthermore, the review incorporates methodological quality assessments, including randomization,
placebo controls, dietary tracking, and valid performance outcome measures, all of which strengthen the
reliability and translatability of the findings.

4.5.2. Limitations

Despite its contributions, this review is subject to several limitations. The heterogeneity of included
studies — in training protocols, supplementation formats, dose frequency, and strength assessment
methods such as TRM, isometric, isokinetic limits direct comparability and contributes to inconsistent
findings.

Although the current review prioritizes dose over duration, some supporting studies [4,6] were not
designed to assess maximal strength, instead focusing on endurance or time-to-exhaustion. These were
included to contextualize the relationship between cumulative B-alanine dose and carnosine saturation, not
as direct evidence for strength enhancement.

Another limitation is the lack of standardized dietary control across studies. Inconsistent macronutrient
intake and insufficient monitoring of B-alanine-rich foods (e.g. meat) could influence baseline carnosine
levels and supplement responsiveness. Only a minority of studies implemented controlled feeding or
prospective diet tracking, which introduces possible confounding.

Additionally, female participants and novice lifters remain underrepresented. [27] Most included studies
examined trained male populations, making it difficult to generalize findings across sexes, age groups, or
training backgrounds. Hormonal influences on carnosine metabolism and neuromuscular function may also
contribute to differential responses that remain unexplored.

Lastly, training modalities that do not prioritize strength, such as hypertrophy-based or concurrent
endurance programs, are under-investigated in relation to B-alanine supplementation. Future studies should
explore standardized, mechanistically informed protocols across a wider spectrum of athletic populations
and resistance training goals.

4.6. Practical applications

The findings of this review offer targeted, evidence-based guidance for athletes, coaches, and
practitioners seeking to enhance strength and power performance through {-alanine
supplementation.

Daily doses of 4 to 6.4 g have shown the greatest effectiveness, particularly when administered using
fragmented dosing protocols (e.g. 0.8 g per serving, multiple times per day). This strategy helps maintain
stable plasma [-alanine concentrations, improves muscle carnosine uptake, and reduces side effects like
paresthesia. [16,17,19,28]

These dosing approaches are especially applicable in strength and power-based sports involving
repeated maximal efforts, short rest intervals, and training modalities that produce high rates of
glycolysis and hydrogen ion accumulation - conditions under which carnosine’s buffering role is
most critical. [4] Supplementing during training phases such as hypertrophy or maximal strength
mesocycles may increase training volume, delay fatigue, and enhance neuromuscular adaptations
over time. [8,20]

Practitioners should also consider individual factors such as training experience, sex, and dietary habits
when prescribing (3-alanine. For instance, baseline carnosine levels and transporter efficiency may differ
between individuals, influencing their responsiveness. [15]

Incorporating structured (3-alanine supplementation protocols into resistance training programs may
improve fatigue resistance, enhance recovery between sets, and ultimately optimize strength and power
performance.
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5. Conclusion

This systematic review underscores the importance of optimizing B-alanine supplementation protocols to
support strength and power performance. Daily doses between 4 and 6.4 grams, particularly when delivered
in fragmented servings, enhance absorption, minimize side effects, and improve intramuscular carnosine
accumulation. [16,19] However, high cumulative doses alone are insufficient. Studies reporting null findings
often featured suboptimal training stimuli such as long rest intervals or delivery formats that compromised
uptake. [4,17] Thus, B-alanine’s effectiveness is determined not only by total dose, but by how well the
dosing protocol aligns with training-induced acidosis and individual absorption dynamics.

While B-alanine’s buffering role is well established, its ergogenic benefits are maximized when dosing
strategies are tailored to the metabolic demands of resistance training.

To maximize performance outcomes, strength-focused supplementation strategies should prioritize
fragmented dosing, consider individual variability, and be timed to coincide with high-intensity training
phases that promote acid-base stress.
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