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Abstract

Plant-based protein supplementation in supporting muscle recovery following resistance
exercise remains an area of growing interest, particularly among vegan athletes, as a po-
tential alternative to animal-based proteins. This systematic review aimed to evaluate the
effectiveness of plant-based proteins on recovery from resistance exercise-induced muscle
damage in healthy young adults. A systematic and comprehensive search was adminis-
tered in eight databases up to 1 May 2025, identifying 1407 articles. Following deduplica-
tion and screening, 24 studies met the eligibility criteria, including 22 randomized con-
trolled trials and 2 non-randomized studies, with the majority from high income western
countries. Interventions primarily involved soy, pea, rice, hemp, potato, and blended
plant protein sources, with doses ranging from 15 to 50 g, typically administered post
resistance exercise. Outcomes assessed included muscle protein synthesis (MPS), de-
layed-onset muscle soreness (DOMS), inflammatory biomarkers, muscle function, and fa-
tigue. The review findings reaffirm that single-source plant proteins generally offer lim-
ited benefits compared to animal proteins such as whey, particularly in acute recovery
settings, a limitation well-documented consistently in the literature. However, our syn-
thesis highlights that well-formulated plant protein blends (e.g., combinations of pea, rice,
and canola) can stimulate MPS at levels comparable to whey when consumed at adequate
doses (230 g with ~2.5 g leucine). Some studies also reported improvements in subjective
recovery outcomes and reductions in muscle damage biomarkers with soy or pea protein.
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However, overall evidence remains limited by small sample sizes, moderate to high risk
of bias, and heterogeneity in intervention protocols, protein formulations, and outcome
measures. Risk of bias assessments revealed concerns related to detection and reporting
bias in nearly half the studies. Due to clinical and methodological variability, a meta-anal-
ysis was not conducted. To conclude, plant-based proteins particularly in the form of pro-
tein blends and when dosed appropriately, may support muscle recovery in resistance-
trained individuals and offer a viable alternative to animal-based proteins. However, fur-
ther high-quality, long-term trials in vegan populations are needed to establish definitive
recommendations for plant protein use in sports nutrition.

Keywords: soy; hemp; plant-based protein; athletic performance; recovery;
strength training

1. Introduction

Plant-based proteins are speculated to offer potential health benefits including cardi-
ometabolic disease risk reduction and blood glucose regulation [1]. For past decades, there
is a growing interest on exploring plant-based proteins for improving the athletic perfor-
mance and recovery [2]. Athletic dietary landscape is witnessing a significant shift to-
wards plant-based eating, driven by a confluence of ethical, environmental, and health-
related considerations [3]. This trend has notably increased interest in plant-based nutri-
tion among athletic populations, including individuals engaged in regular resistance
training [4]. Modeling studies suggest that adding larger amount of plant-based proteins
to a routine athletic meal plan, can meet leucine and total protein requirements, poten-
tially achieving levels comparable to those provided by typical servings of animal proteins
[5]. While acute studies demonstrated that animal proteins induce greater muscle protein
synthesis (MPS), chronic studies showed that plant-based proteins can yield similar ad-
aptations if consumed in adequate amounts. Resistance exercise, a fundamental compo-
nent of athletic development and general fitness, characteristically induces muscle dam-
age, most notably through eccentric contractions [6,7]. However, it is also well-established
that strenuous or unaccustomed, regardless of contraction type, cause microtears and in-
flammation, eliciting delayed-onset muscle soreness (DOMS) and making it a relevant
model for studying recovery in both eccentric and non-eccentric resistance exercise con-
texts [8].

Adequate protein intake is widely recognized as critical for facilitating muscle repair
and promoting recovery processes [9,10]. Traditionally, animal-derived proteins, such as
whey, have been favored due to their rich profiles of essential amino acids, especially leu-
cine, which plays a key role in stimulating MPS [11]. However, vegan athletes, who con-
sciously avoid all animal products, must rely exclusively on plant-based protein sources
[12]. These sources often present different amino acid profiles, sometimes with lower leu-
cine content compared to their animal-based counterparts [13]. This disparity raises per-
tinent questions regarding the efficacy of plant-based proteins in supporting optimal re-
covery from exercise-induced muscle damage, particularly for the growing number of
young adults adopting vegan diets while concurrently pursuing resistance training for
health and performance enhancement [4,14].

Despite the escalating popularity of plant-based diets, the scientific literature exam-
ining the specific effects of plant-based proteins on muscle recovery following resistance
exercise remains somewhat fragmented [2,4]. While some research suggests that appro-
priately dosed plant-based protein blends can rival animal proteins in stimulating MPS
[15], other studies highlight potential challenges such as lower bioavailability or
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incomplete amino acid profiles in certain plant sources [16]. This prevailing uncertainty is
especially relevant for vegan athletes who may face challenges in meeting their protein
requirements without animal-derived sources, potentially impacting their recovery and
athletic performance. Therefore, a systematic review is warranted to comprehensively
map the existing evidence, identify knowledge gaps, and clarify whether plant-based pro-
teins can effectively support recovery from resistance exercise-induced muscle damage in
healthy young adults. By synthesizing available data on intervention protocols, outcome
measures, and study designs, this review aims to build a foundation for evidence-based
nutritional recommendations, particularly for vegan athletes, and to guide future research
in this potentially important and interesting area. The primary aim of this systematic re-
view is to examine the effect of plant-based protein supplementation on recovery from
resistance exercise-induced muscle damage in healthy young adults, with a particular fo-
cus on understanding the implications for vegan athletes who depend solely on plant-
based sources for their protein needs.

2. Materials and Methods

This systematic review was conducted and reported in adherence to the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines, utiliz-
ing the PERSIST (Preferred Reporting Items for Systematic Reviews in Sport and Exercise
Science) guidance to ensure transparent and comprehensive reporting of methods and
findings [17]. The checklist is provided as a Supplementary File S1.

2.1. Research Question

The review was guided by the following research question: “What is the effect of
plant-based protein supplementation on recovery from resistance exercise-induced mus-
cle damage in healthy young adults, with specific consideration for vegan athletes?”.

2.2. Eligibility Criteria

The eligibility criteria for study inclusion were defined using the Population, Inter-
vention, Comparison, Outcomes, and Study Type (PICOS) framework.
Population: Healthy young adults aged 18—44 years engaged in resistance training, in-
cluding recreationally active individuals, resistance-trained individuals, and vegan ath-
letes.
Intervention: Acute or chronic supplementation with quantified doses of plant-based pro-
teins (e.g., soy, pea, rice, hemp, cocoa, or blends), consumed before, during, or after re-
sistance training.
Comparison: Animal-based proteins (e.g., whey, casein), placebo/sham interventions, or
no supplementation.
Outcomes: Primary outcomes included muscle recovery indicators such as DOMS, MPS,
inflammatory biomarkers (e.g., CK, IL-6), and fatigue. Inflammatory markers such as ex-
ercise induced cytokines are key mediators for the delayed recovery and muscle damage.
Secondary outcomes: Muscle function measures including strength, power, jump perfor-
mance, and body composition indicators such as body mass index (BMI), which were in-
terpreted in conjunction with other metrics (e.g., lean mass, fat mass) to contextualize
changes.
Study Design: Randomized controlled trials (RCTs), crossover studies, and non-random-
ized trials published in peer-reviewed English-language journals. We have included non-
randomized trials to ensure comprehensive coverage of the available evidence, particu-
larly in areas where RCTs are limited allowing for a broader understanding of the current
research landscape and supports the identification of emerging trends and gaps in the
literature. Further recent empirical analysis on systematic reviews concluded that
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inclusion of non-randomized studies lead 89% of systematic reviews to gain statistical
significance [18].

2.3. Information Sources and Search Strategy

A systematic search was performed across seven electronic databases: Cochrane Cen-
tral Register of Controlled Trials (till 1 May 2025), Scopus (till 1 May 2025), Web of Science
(till 1 May 2025), Ovid MEDLINE (1946-1 May 2025), PubMed (till 1 May 2025), ProQuest
(till 1 May 2025), Cumulative Index for Nursing and Allied Health Library (till 1 May
2025), and Embase (till 1 May 2025). The search strategy was developed by an expert team
under the leadership of primary author (K.G.) to ensure comprehensive coverage of the
relevant literature. Key search terms and Boolean operators were utilized to capture the
core concepts: plant-based proteins, resistance exercise, muscle damage, and recovery. An
example search string for PubMed is: (“plant-based protein” OR “vegan protein” OR “soy
protein” OR “pea protein” OR “rice protein” OR “plant protein blend”) AND (“resistance
exercise” OR “resistance training” OR “strength training” OR “weight training”) AND
(“muscle damage” OR “exercise-induced muscle damage” OR “delayed onset muscle
soreness” OR “DOMS” OR “muscle recovery” OR “MPS”) AND (“young adults” OR
“healthy adults” OR “athletes”). The search strategy administered in the other databases
are displayed in Supplementary File S2. The search terms and strategy were developed as
per the guidelines of PRISMA Statement for Reporting Literature Searches in Systematic
Reviews [17].

The search was restricted to English language publications, with no restriction on the
publication date to capture all relevant studies. Additionally, grey literature sources, in-
cluding Google Scholar and backward and forward citations, were searched to identify
unpublished studies. Reference lists of included studies and relevant review articles were
also hand-searched to ensure comprehensive coverage. The search was conducted on 1
May 2025, with results exported to EndNote Online, https://www.myend-
noteweb.com/EndNoteWeb.html) for deduplication and screening.

2.4. Study Selection

Two independent reviewers (K.G. and H.Z.) screened titles and abstracts of the re-
trieved records using Rayyan software. Subsequently, full texts of potentially eligible
studies were assessed by the two reviewers (K.G. and K.P.) against the predefined eligi-
bility criteria. Any discrepancies encountered during the screening or eligibility assess-
ment phases were resolved through discussion or by consultation with a third reviewer
(BK) if consensus could not be reached. The entire study selection process, including rea-
sons for exclusion at each stage, was documented using a PRISMA flow diagram.

2.5. Data Extraction

The review team developed a customized data extraction form and extracted relevant
information from the included studies. The data items extracted are as follows:

Study characteristics: Author(s), year of publication, country of origin, and study de-
sign. Participant characteristics: Age, sex, and training status (e.g., recreationally active,
resistance-trained, vegan athletes). Resistance training characteristics: Type of exercise,
intensity, duration, and specific muscle damage induction protocol. Plant-based protein
characteristics: Type of protein (e.g., soy, pea, hemp), dose, timing of intake relative to
exercise (pre/post), frequency, and duration of supplementation. Outcome measures: Pri-
mary outcome: Data related to DOMS, muscle function, MPS, and inflammation markers.
Secondary outcome: Muscle function measures including strength, power, jump perfor-
mance, and body mass index (BMI). Key findings: Principal results detailing the effect of
plant-based protein on recovery outcomes compared to comparator groups.
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2.6. Risk of Bias Assessment

The risk of bias for RCTs included in the present review were assessed using the
Cochrane Risk of Bias tool (RoB 2.0). The risk of bias was assessed based on five domains:
(1) randomization and allocation process (selection bias), (2) deviations from intended in-
terventions (performance bias), (3) missing outcome data (attrition bias), (4) outcome
measurement (detection bias) and (5) selection of the reported result (reporting bias). An
overall risk of bias judgment was made for each outcome and each time point as either
‘low risk’, “‘some concerns’ or ‘high risk” of bias. For non-randomized studies, if any were
to be included that met the criteria, an appropriate tool such as ROBINS-I was considered.
This tool assesses bias under seven domains: (1) bias due to confounding (e.g., baseline
differences in training status or dietary intake), (2) bias in selection of participants (gender,
team and heterogenous training and convenient sample) into the study, (3) bias in admin-
istration of protein and resistance training interventions (e.g., misclassification of protein
type or dose), (4) bias due to deviations from intended interventions, (5) bias due to miss-
ing data, (6) bias in measurement of outcomes, and (7) bias in selection of the reported
result. Each domain was rated as “low”, “moderate”, “serious”, “critical”, or “no infor-
mation”. Two reviewers (K.G. and H.Z.) independently conducted the risk of bias assess-
ment with disagreements resolved by discussion or a third reviewer (C.C.T.C.).

2.7. Data Synthesis

Given the diversity in study designs, populations (e.g., sex, training status), interven-
tion characteristics (protein source, dose, duration, timing), and outcome measures (e.g.,
muscle soreness, strength, myofibrillar protein synthesis), a meta-analysis was not con-
ducted. The included studies exhibited substantial clinical and methodological heteroge-
neity, which the authors decided to preclude statistical pooling by mutual consensus. As
a result, a narrative synthesis was conducted. This synthesis included: Descriptive com-
parison of study designs, interventions, and key outcomes. Thematic grouping of studies
based on protein type (single source vs. blends) and outcome domain (e.g., MPS, DOMS)
and potential effectiveness on recovery after resistance training. Dose-response relation-
ships of plant-based proteins on recovery post training.

3. Results
3.1. Study Selection and Characteristics

The systematic search conducted on 1 May 2025, across eight databases (EMBASE,
CINAHL, Scopus, Web of Science, PubMed, Cochrane Central, ProQuest and Ovid Med-
line) yielded 1407 studies. After deduplication, 1313 full-text articles were assessed for
eligibility. A total of 24 studies were included in the final analysis based on eligibility
criteria. Figure 1 shows the PRISMA flowchart that depicted the screening and inclusion
of the studies for the final analysis.
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Figure 1. Studies screened and included in the final analysis.

3.2. Baseline Characteristics of the Included Studies

The majority of the studies (n = 23/25, 92%) were randomized controlled trials, while
two studies were of non-randomized designs [19,20]. Most of the trials were assessor and
participant blinded [11,21-32], while two studies employed cross over designs. These
studies were conducted between 2002 and 2024 with the majority of the evidence occurred
in 2024 (n =7/24, 29%). Figure 2 shows the publication trend that demonstrate the growing
interest for plant-based protein for the recovery after resistance training.

30 29

25
20

15

17
7
5 4 4 4 4 T 4 4 4 4 4 4
1I lI ....... i'I ''''''' 1 I 2 1 I 1 I 1 I 2 1 I I 1 I
o mll mll ull =M NN =l A A NN « =
2002 2005 2009 2010 2013 2014 2016 2017 2019 2020 2022 2023 2024

s NO of publications mmmsm % ---.eveee Linear (%)

Figure 2. Trends in original research exploring the plant-based proteins on muscle recovery after

resistance exercise training.
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Almost all the studies originated from Western countries (the United States, Canada,
Europe, and the United Kingdom), with only one study conducted in India [31]. Figure 3
shows the country wise publication trends.

1 10

4 3

Figure 3. Countrywide publication trends. United States of America (1 =9), Canada (1 = 3), Nether-
lands (1 = 2), United Kingdom (1 = 2), Mexico (n = 1), Australia (n = 1), Ireland (n = 1), Poland (n =
1), Finland (n = 1), Germany (1 = 1), India (1 = 1), South Korea (1 =1).

Table 1 depicts the study demographics, participants, intervention, outcomes and the
key findings.



Nutrients 2025, 17, x FOR PEER REVIEW 8 of 26

Table 1. Study characteristics and findings.
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3.3. Participant Characteristics

The data of 938 participants from 24 studies were included for the analysis. Most
studies have administered interventions in healthy young to middle-aged adults (mean
age: 18-55 years) [33], encompassing both recreationally active individuals [20,21,23,28-
30] and those engaged in resistance-training [11,19,24-26,35,37]. However, research focus-
ing on plant-based proteins in vegan athletes [33] and sedentary or inactive individuals
[22,27,36] remains limited. While the majority of studies have evaluated the efficacy of
plant-based proteins across mixed-gender cohorts, only a few have specifically investi-
gated outcomes in men [19,22,24,26-30,37] and women [20,21] separately.

3.4. Intervention and Outcome Characteristics

The majority of the studies have explored Soy protein [21,22,30,31,37,38], while few
studies have explored other plant-based proteins such as pea [27,29,32,36], potato [28],
rice [24,26], bean [23,33], cocoa [34], hemp [25], or protein blends [11]. Few studies do not
have specific plant-based protein but list a “vegan diet” [5,20,35]. Doses ranged from 15
to 40 g/day, often administered post-exercise. Control groups received whey protein, pla-
cebo, or no supplementation. The majority of the studies have explored acute effects (sin-
gle session to 7 days post-exercise) [11,19,23,25,28-30,32,34,36,37], while few studies ex-
plored chronic effects (2-12 weeks) [20,22,24,26,31,33,35]. The majority of the studies em-
ployed supervised traditional resistance training with dose adequately elaborated
[11,19,21-26,28-30,34,35,37] while few studies administered body weight resistance pro-
grams or not explicitly stated the training programs [20,31,33]. The primary measures of-
ten observed in most of the studies were MPS, DOMS, muscle function (isometric
strength, jump performance), inflammatory markers (CK, IL-6), and recovery perceptions,
while secondary measures were biomarkers of oxidative stress, amino acid bioavailability,
and muscle morphology. The majority of the studies measured the muscle recovery indi-
rectly with few measuring objectively using post-exercise MPS [11,28,29,32,37], bi-
omarkers (CK, myoglobin and lactate dehydrogenase) [21,27,31], skeletal muscle satellite
number [22], muscle thickness [25], amino acid transport rates, phenylalanine balance,
and transporter expression [30]), while few measuring subjectively using self-reported
perception of soreness, fatigue and readiness to train [24,31,36].

3.5. Effectiveness of Plant-Based Proteins on Muscle Recovery

Out of the 24 included studies, 9 reported positive effects of plant-based proteins on
muscle recovery outcomes such as improved muscle protein synthesis, reduced muscle
soreness, or enhanced strength recovery. These effects were more commonly observed in
studies using blended plant protein formulations or higher doses (=30 g with ~2.5 g leu-
cine).

While the majority of studies concluded plant-based proteins including soy, potato,
pea and cocoa offered no potential benefits including MPS, hormonal balance and bio-
chemical indices [20,22,23,28,29,35,37] compared to whey, dairy or animal-based proteins,
few studies concluded the positive effects of plant-based proteins on muscle recovery or
fatigue perception when comparing to animal-based proteins [21,34]. While plant-based
proteins have been associated with improvements in body mass index and muscle
strength [24], their effectiveness in enhancing lean mass remains inconclusive [22,33]. Soy
proteins did not offer upper hand in sex hormones responsible for muscle recovery during
resistance training compared to whey proteins [26]. Similarly, pea proteins also were
demonstrated to offer favorable effects on muscle recovery biomarkers than animal pro-
teins [27,36], however its long-term adaptations remain uncertain [32]. Few studies
demonstrated that soy proteins improved amino acid transporter proteins and offered
positive phenyl alanine balance that should eventually leading to positive muscle
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recovery [30,31]. Kaivani et al. (2024) found gender differences with hemp on muscle re-
covery with females exhibiting muscle hypertrophy while males demonstrating fatigue
resistance with hemp [25]. However, no significant difference in the muscle adaptations,
lean body mass, strength outcomes, bone resorption and inflammatory markers [25].

3.6. Dose—Response Relationship of Plant-Based Proteins on Muscle Recovery

Despite the popularity of plant-based diets among resistance-trained individuals and
athletes, most included studies suggest that single-source plant proteins such as soy, pea,
and potato, do not possess superior benefits to animal-based proteins — particularly whey,
for muscle recovery post-exercise. Studies by Tang et al. (2009) [37], Pinckaers et al. (2022,
2024) [28,29] reported that while plant proteins can stimulate MPS, their effects were often
inferior or equivalent to whey, especially when leucine content or essential amino acid
availability was suboptimal. However, evidence also reveals that when plant proteins are
consumed in adequate doses typically in the range of 25—40 g per serving, and particularly
when leucine content exceeds = 2.5 g per serving, they can yield comparable outcomes to
animal proteins in supporting muscle recovery [11,24,26]. For instance, Van der Heijden
et al. (2024) [11] demonstrated that a plant protein blend (pea, rice, canola) matched whey
in stimulating MPS rates over a 4 h post-exercise window, despite 44% lower plasma es-
sential amino acid availability. Similarly, Joy et al. (2013) [24] and Moon et al. (2020) [26]
found no significant differences in strength, lean mass, or performance gains between rice
or pea proteins and whey protein when consumed post-exercise over 8 weeks. Notably,
Wilkinson et al. (2023) [32] and Nieman et al. (2020) [27] found that pea protein, although
beneficial in maintaining MPS, did not significantly improve recovery outcomes like
DOMS or strength restoration compared to whey or placebo, indicating that acute recov-
ery from eccentric exercise may require higher doses or multi-source formulations. Fur-
thermore, Shenoy et al. (2016) [31] showed that soy protein, when administered at 50
g/day in trained athletes, significantly attenuated muscle damage biomarkers and im-
proved subjective recovery, supporting a potential dose-dependent effect. While plant
protein blends demonstrate promising outcomes, studies using isolated sources often
show limited improvements in fatigue resistance, muscle soreness, or inflammatory bi-
omarkers, especially in short-term interventions (e.g., 48-72 h) [39,40]. This suggests that
protein quality, defined by amino acid profile, digestibility, and leucine content, plays a
crucial role in the efficacy of plant proteins in muscle recovery [41]. Blended formulations
(e.g., soy—dairy or pea-rice—canola) appear to overcome the amino acid limitations inher-
ent in single-source options [42].

3.7. Risk of Bias Assessment

A total of 22 randomized controlled trials (RCTs) were assessed using the Revised
Cochrane Risk-of-Bias Tool (RoB 2) (Figure 4a,b), while two non-randomized studies were
evaluated using the ROBINS-I tool (Figure 5a,b). Out of the 22 RCTs, 17 trials (77%) re-
ported low risk of bias regarding the randomization process (Figure 4a). However, five
trials (32%) either lacked sufficient information or had concerns due to unclear allocation
procedures or baseline imbalances, indicating potential risk of selection bias [11,32,34]. In
the two non-randomized studies, confounding factors were moderately controlled (Figure
5a,b). One study adequately adjusted for key confounders such as training status and di-
etary intake [20], while the other study showed serious risk due to lack of statistical control
for co-interventions and baseline differences. Overall, confounding was a key source of
bias in the non-randomized evidence [20]. Most trials (1 = 20) reported complete outcome
data, with drop-out rates under 10% and balanced between groups. Outcome assessors
were blinded in only 10 studies (45%), and self-reported outcomes such as delayed-onset
muscle soreness (DOMS) and fatigue were often used without validation. As a result,
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detection bias was rated as some concerns or high in 12 RCTs, particularly those measur-
ing subjective endpoints. Selective reporting of outcomes (e.g., omitting adverse effects or
non-significant secondary outcomes) was a suspected ‘high risk’ in two studies [37], while
‘unclear risk’ in 12 studies (Figure 4a). Overall, the risk of bias across included studies was
moderate, with several domains raising concerns (Figures 4b and 5b). Among randomized
controlled trials, while the randomization procedures were generally adequate, detection
bias and reporting bias were common due to limited blinding (Figure 4b). Among 22 ran-
domized controlled trials, only few (n =7, 32%) were classified as ‘low risk’, half (n =12,
55%) fell under ‘some concerns’ or ‘moderate risk” and two were ‘high risk’. Missing data
and incomplete outcome reporting were infrequent but present in a minority of studies.
For non-randomized studies, confounding (diet self-reported, sleep and other lifestyle fac-
tors influencing hormonal balance) and selection bias remained critical limitations (Figure
5b). These methodological concerns should be considered when interpreting the effective-
ness of plant-based proteins for muscle recovery.
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Figure 4. Risk of bias of randomized controlled trials (RCTs) included in the review. (a) showing the
risk of bias of individual studies; (b) showing the summary of risk of bias in the RCT studies.
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4. Discussion

Overall, current evidence remains inconclusive regarding the efficacy of individual
plant-based proteins isolates as direct alternatives to animal-based proteins for muscle
recovery [24,27-29,32,36]. However, well-formulated plant protein blends such as those
combining pea, rice, hemp and potato, have demonstrated the capacity to stimulate MPS
at levels comparable to whey protein, particularly in acute post-exercise settings
[11,19,30,32]. This was consistently observed in mechanistic studies using tracer method-
ologies [11]. However, single-source plant proteins, especially pea or soy in isolation, of-
ten failed to match whey in improving muscle function recovery or reducing DOMS
within 48-72 h post-exercise [24,27-29,32,36]. Transitioning to a vegan diet led to chal-
lenges in maintaining protein intake and skeletal muscle mass despite dietary guidance,
highlighting the difficulty of implementation without strict monitoring [20]. Our findings
align with the recent systematic review and meta-analysis by Zhao et al. (2024), which
concluded that while plant-based proteins confer greater benefits for MPS than no or min-
imal protein intake, they are still less effective than animal-based proteins [2]. Moreover,
other recent systematic reviews have consistently shown that animal-based proteins are
significantly more effective than plant-based proteins in enhancing muscle mass, strength,
and physical performance [13,43—45].

Although there is increasing interest in plant-based proteins within the field of sports
nutrition particularly for their potential to support MPS and recovery following resistance
exercise [2,13,43-45], the current body of evidence remains nascent. Although vegan ath-
letes were included in the eligibility criteria, only a limited number of studies specifically
analyzed outcomes in vegan participants. As such, subgroup analyses comparing vegans
to non-vegans were not feasible. This highlights a gap in the literature and underscores
the need for future trials focusing on vegan populations. Many studies in our review are
constrained by small sample sizes, moderate to high risk of bias, and substantial hetero-
geneity in the types, sources, and formulations of plant-based proteins examined
[11,21,26,32-34,36,37]. The above limitation concurs with the recent systematic reviews
[2,13,43-45]. These limitations hinder the ability to draw generalizable conclusions or es-
tablish definitive guidelines for their use in athletic settings. Despite these constraints, our
systematic review yields several practical implications for sporting populations: (1) plant-
based protein blends appear more effective than single-source plant proteins in promoting
MPS and may support functional recovery; (2) adequate dosing typically 30 to 40 g per
serving with approximately 2.5 to 3 g of leucine, is critical to achieving anabolic effects
comparable to whey protein; and (3) nutrient timing remains essential, with immediate
post-exercise intake offering potential benefits for acute recovery.
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The present review findings may help athletes achieve recovery outcomes compara-
ble to those consuming animal-based proteins, especially when using well-formulated
plant protein blends [2,46]. These insights can guide coaches in designing effective post-
exercise nutrition strategies. Additionally, nutritionists can use this evidence to tailor
plant-based dietary plans that meet protein quality and recovery needs in resistance-
trained individuals [47].

From the studies, it can be inferred that while plant-based proteins are generally safe
and effective across all life stages, certain nutrients may require special attention to avoid
deficiencies. These include vitamin B12, iron, calcium, vitamin D, zinc, iodine, and omega-
3 fatty acids, which are either less bioavailable or present in lower amounts in plant-based
sources. Athletes, especially those on vegan diets, should be advised to consume fortified
foods or supplements to meet these needs. With appropriate planning and guidance,
plant-based protein intake can be both nutritionally adequate and safe for supporting
muscle recovery and overall health.

The potential strengths of the included studies are diverse study designs, including
both acute and chronic interventions, use of objective biomarkers (e.g., CK, MPS rates) in
several high-quality RCTs, comparison with gold-standard animal protein (whey) in
many trials and dose-response trials in five studies clarified the role of leucine threshold
(~2.5 g) for plant protein efficacy [19,22,32,37]. The general limitations of the studies in-
cluded are: (1) small sample sizes (median n = 24), affecting statistical power; (2) hetero-
geneity in exercise protocols, recovery timelines, and protein formulations; (3) the quality
and quantity of outcome measures varied across studies, with many relying on indirect
or surrogate markers of muscle recovery which might limit the interpretation of the find-
ings of the present review; (4) a substantial number of studies used self-reported measures
such as perceived soreness and fatigue, which may introduce subjective bias; (5) only one
trial [33] was conducted exclusively in vegan athletes, reducing external validity for that
target population. These factors collectively limit the strength of the conclusions and high-
light the need for more rigorously designed trials with standardized outcome measures
and controlled nutritional protocols.

The recommendations for future research are: (1) vegan-specific RCTs: future studies
should investigate plant proteins in habitual vegan athletes to assess real-world effective-
ness; (2) the need of chronic trials, to evaluate long-term outcomes like muscle hypertro-
phy, performance, and injury recovery; (3) to examine the novel protein sources (e.g., fava
bean, mung bean, algae) and fermented or hydrolyzed proteins for improved digestibility;
(4) to analyze outcomes by sex, considering hormonal differences in protein metabolism,
resistance training and digestibility; (5) to explore the effects of plant-based proteins in
real-world contexts, future research should focus on whole-food sources and meal-based
interventions, as the majority of included studies examined isolated protein supplements,
limiting real-world applicability.

5. Conclusions

This systematic review highlights the potential of plant-based protein blends to sup-
port muscle recovery in young adults’ post-resistance exercise, as evidenced by equivalent
MPS stimulation to whey in acute settings. However, single-source plant proteins like pea
may not enhance functional recovery or reduce DOMS, possibly due to suboptimal leu-
cine content or study design limitations. For vegan athletes, these findings underscore the
importance of using protein blends and higher doses to meet recovery needs. Future re-
search should focus on long-term interventions, vegan-specific populations, and opti-
mized plant protein formulations to provide robust guidance for athletes relying on plant-
based diets. By addressing these gaps, the sports nutrition field can better support the
growing population of vegan athletes striving to optimize performance and recovery.
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