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Introduction: Physical activity has been observed to impact the diversity and composition 
of the microbiome. While existing research primarily concentrated on the influence of 
exercise on gut microorganisms and diversity, this systematic review seeks to explore the 
potential of TWK 10 probiotic supplementation on enhancing fatigue-related indicators 
among untrained individuals. 

Method: we conducted a comprehensive systematic review spanning the last decade (2013–
2023), searching PubMed, Scopus, and Web of Science for both human and animal trials, with 
all searches completed by August 2023. 

Results: Eight clinical intervention studies that evaluated the impact of TWK-10 
supplementation on diverse performance measurements and physiological parameters in 
both human and animals (totally consisting of 208 amateur athletes and 63 mice) were 
chosen. Intervention durations ranged from 6 to 18 weeks. Results from animal trials 
indicated that TWK-10 supplementation enhanced grip strength and endurance swimming 
time. Conversely, human trials did not reveal significant effects of TWK-10 on grip strength, 
glucose levels, muscle strength, body weight, or body composition. Inconsistencies were 
observed across studies regarding the impact of TWK-10 on serum levels of lactate, 
ammonia, glucose, creatine kinase (CK), and blood urea nitrogen (BUN). Some studies 
reported increased muscle mass and decreased fat mass following TWK-10 supplementation. 
Furthermore, TWK-10 administration evoked alterations in gut microbiota and 
concentrations of short-chain fatty acids. 

Conclusions: Further meticulously designed research is imperative to comprehensively 
ascertain the influence of TWK-10 supplementation on performance assessments and 
physiological parameters. Discrepancies in study outcomes may be attributed to disparities 
in fiber intake,gut microbiota composition and duration of the trials. 
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Introduction 
Achieving peak athletic performance 
necessitates a multifaceted approach, integrating 
foundational physical conditioning, sport-
specific training, and meticulously tailored 
nutritional strategies. As athletes approach elite 
levels, marginal gains become critical, prompting 
the judicious use of evidence-based performance 
supplements. However, certain supplements 

may induce gastrointestinal (GI) distress or pose 
health risks, necessitating careful selection (1). 
A notable trade-off exists between performance-
driven dietary practices and gut microbiota 
health. For instance, some athletes adopt low-
fibre diets to minimize GI discomfort during 
competition, yet this practice may compromise 
microbial diversity and functionality (2, 3). 
Emerging research explores probiotic 
supplementation as a potential countermeasure 



 
  
 Nojoumi M et al                                                                                                                        Lactobacillus Plantarum TWK-10 Single Strain Supplementation 

2                                                                                                                                                                   J Nutr Fast Health. 2025; 13: 1-.  
  

 

JNFH

 

to mitigate these adverse effects while 
maintaining performance efficacy (4). 

The human microbiota comprises diverse 
microorganisms (bacteria, viruses, archaea) (5, 
6) inhabiting the skin, gut, and other mucosal 
surfaces (6, 7). Over 70% reside in the intestines, 
where they maintain mucosal integrity, regulate 
metabolism, and modulate immunity (8). Gut 
microbiota diversity and balance are critical for 
intestinal health, gut-brain axis signaling, and 
overall physiological function (9). Probiotics are 
utilized as possible performance-enhancing aids 
to improve exercise capacity (10). Research 
indicates that these microorganisms can enhance 
athletic performance by fostering nutrient 
assimilation, elevating basal growth hormone 
levels, and enhancing muscle adaptation during 
resistance training (11, 12). 
Over the past decade, Lactobacillus plantarum has 
emerged as a prominent probiotic strain, with 
growing interest in its potential health benefits. 
Lactobacillus plantarum has been found to 
increase the production of SCFAs, with butyrate 
serving as the primary energy source for 
enterocytes (13). Propionate has been linked to 
increased glucose production in the liver through 
gluconeogenesis, potentially accelerating mutual 
communication between the gut and the brain 
and leading to enhanced adrenaline secretion 
and improved exercise performance (14). 
Feeling fatigued after exercise can be detrimental 
to sports performance (15) and can decrease 
athletes' function. Research suggests that the 
consumption of L. Plantarum TWK-10 (LP10), a 
specific strain of Lactobacillus plantarum, may 
mitigate lactate production (16). Furthermore, 
studies have indicated that L. Plantarum 

possesses antioxidant properties, both in vivo 
and in vitro, which can contribute to prolonged 
sports performance by reducing the production 
of metabolites and exerting an anti-fatigue effect 
(17-20). Thus, existing evidence suggests that 
Lactobacillus plantarum may confer ergogenic 
benefits by improving physical performance 
while simultaneously alleviating fatigue and 
modulating post-exercise inflammation (16, 21). 
TWK10 may also have a role in preventing and 
improving sarcopenia and muscle atrophy, as in 
previous studies it has been associated with 
increased muscle mass and reduced fat mass (16, 
22-24).  
Existing studies have predominantly examined 
exercise-induced microbiota modulation, with 
insufficient exploration of microbiota-
performance relationships as potential ergogenic 
strategies. Although Lactobacillus plantarum 
TWK10 has been proposed as a performance-
enhancing probiotic, rigorous evidence—
including systematic reviews or meta-analyses—
remains scarce. This review critically synthesizes 
current findings on TWK10’s efficacy in 
enhancing exercise performance and mitigating 
fatigue. 

Materials and Methods 
This systematic review aims to assess the impact 
of Lactobacillus plantarum TWK10 single-strain 
supplementation on the performance of 
untrained athletes. Additionally, relevant animal 
studies were reviewed to enhance the 
understanding of this topic. To define the 
research question, the PICOS criteria (Table 1) 
were used. 

Table 1. PICOS criteria for inclusion and exclusion of studies 
Parameter Criteria 
Participant Untrained healthy athletes aged 20-85/ healthy animal  

Intervention supplementation with TWK10  
Comparator Placebo/ No supplementation 

Outcomes Physical Performance, Physiological Metrics, and Fatigue-Related Parameters 
Study design Placebo-controlled trial 

Search strategy 
The PubMed database was searched using the 
following Boolean equation, with all searches 
finalized by August 2023: 

 ("Lactobacillus plantarum TWK10" 
[Title/Abstract] OR "TWK10" [Title/Abstract] 
OR "LP10" [Title/Abstract]) AND (("exercise" 
[MeSH Terms] OR "exercise" [Title/Abstract]) 
OR ("sports" [MeSH Terms] OR "sports" 

[Title/Abstract] OR "sport" [Title/Abstract]) OR 
("performance" [Title/Abstract]) OR "strength" 
[Title/Abstract] OR "anaerobic" [Title/Abstract] 
OR ("power" [MeSH Terms] OR "power" 
[Title/Abstract]) OR ("athletes" [MeSH Terms] 
OR "athletes" [Title/Abstract] OR "athlete" 
[Title/Abstract] OR "animal" [Title/Abstract] OR 
"mouse" [Title/Abstract] OR "mice" 
[Title/Abstract] OR "rabbit" [Title/Abstract] OR 
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"pig" [Title/Abstract] OR "rat" [Title/Abstract] 
OR "mammals" [Title/Abstract] OR "mammal" 
[Title/Abstract] OR "cat" [Title/Abstract])). For 
the Scopus and Web of Science (WOS) databases, 
the following Boolean search equation was 
applied: ((TWK10 OR LP10) AND (exercise OR 
sport OR performance OR strength OR anaerobic 
OR power OR athlete)), with all search 
procedures finalized by the end of August 2023. 

Text Screening and Data Extraction 
The titles and abstracts of the initial search were 
screened by the investigator (M.N and M. AKH) 
based on the predetermined inclusion and 
exclusion criteria under the judgement of R.R. 
Subsequently, studies were chosen for 
evaluation if they met the following criteria: (1) 
Lactobacillus plantarum TWK10 
supplementation, (2) an untrained population, 
(3) human or animal trials, (4) controlled with a 
placebo or control group, (5) access to the full 
text and (6) peer-reviewed and original articles 
written in English. Conversely, articles were 
excluded if they (1) combined probiotics with 
other supplements, (2) did not involve an 
untrained population, (3) lacked a placebo or 
control condition for comparison, (4) did not 
report pre and post-exercise information, or (5) 

were the review articles, unpublished abstracts, 
thesis, or dissertations. 
The level of agreement between authors during 
the data screening and selection process was 
evaluated using Cohen's Kappa statistic to assess 
consistency and reduce bias in selecting relevant 
studies. 

Risk of Bias Assessment 
The revised Cochrane Risk of Bias tool for 
randomized trials (RoB2) was used to assess the 
risk of bias in the human-selected studies, while 
the SYRCLE risk of bias tool, modified from the 
Cochrane risk of bias framework, was used to 
evaluate the methodological quality of the 
animal-included studies. The evaluation was 
conducted by two reviewers, M.A.K. and M.N. Any 
conflicts were resolved by a third researcher, R.R. 

Results  
Article Selection and Characteristics 
Based on the predetermined inclusion criteria, a 
systematic search yielded a total of 8 studies that 
met the criteria for inclusion in this review. It is 
worth noting that the chosen articles all 
underwent rigorous double-blind randomized 
clinical trials (RCTs) (Figure 1). 
 

 

 

Figure 1. PRISMA flow diagram of the article selection. 
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Upon careful review of the 8 chosen studies, it 
was found that 5 of them concentrated on human 
samples (16, 21, 23, 25, 26), with the remaining 
3 studies focusing on animal samples (24, 27). 
The human studies enrolled a total of 208 
participants with an average sample size of 30 
people, whereas the animal studies utilized 63 

with an average sample size of 20 mice as 
experimental subjects. Out of all the publications 
with human samples, only three (16, 25, 28) 
chose samples from both sexes, while the 
remaining two (21, 24, 26, 27) exclusively 
selected samples from men. In all cases, the 
participants were characterized as amateur 
athletes without any formal professional sports 
training background.  

Especially relevant to this review, the study 
population generally consisted of healthy 
individuals without any underlying medical 
conditions. However, it is important to note that 
only one study included participants between the 
ages of 55 and 85, who had bone fractures 
ranging from 1 to 4 degrees as an additional 
characteristic. The duration of the interventions 
examined in the selected studies varied based on 
the study protocols. The interventions lasted 
from a minimum of 6 weeks to a maximum of 18 
weeks.  The full characteristic data of included 
articles in this systematic review can be found in 
Table 2 and Table 3.  

Table 2. Summary of human randomized clinical trials of L.plantarum TWK10 supplementation for sport performance in comparison 
of placebo control. 

 Authors Year 
Type 

of 
Study 

Participants 
(n, age & 

sex) 

Health 
status 

Type of 
L.plantarum 

TWK10 

Intervention 
(duration and 

dosage) 

Control 
group 

Outcome 
measures 

1 

Wen-
Ching 

Huang et 
al (26). 

2018 RCT 

16 male 
adults 

between 20–
40 years old 

 

Healthy 
people 

without 
professional 

athletic 
training 

Capsule form 
made from 
Taiwanese 

pickled 
vegetables 

6 weeks 
Two groups: 
1 × 1011 CFU 

L.plantarum TWK10 
 

_ 

↑Time to 
exhaustion, 

glucose, 
↔RPE, lactate, 

ammonia, CK, ffa, 
VO2max. 

 
 

2 

Wen-
Ching 

Huang et 
al (28). 

2019 RCT 

54 
participants 
(27 men and 
27 women) 
aged 20–30 

years 
old 

Healthy 
people 

without 
professional 

athletic 
training 

Capsule form 

6 weeks 
3 groups based on 

V02max 
(18 people/group): 

placebo, 
3 × 1010 CFU/daily, 

and 
9 × 1010 CFU/daily 

Placebo 

Dose-
dependently: 

↑Time to 
exhaustion, serum 

glucose during 
exercise, muscle 

mass by high 
dose, 

↔weight, BMI, CK 
 

In the exercise or 
recovery phase: 
↓Serum lactate, 

serum ammonia. 
 

3 

1.3.1. 
Mon-
Chien 
Lee et al 
(25). 

 

2021 RCT 
55 people 

55–85 years 
old 

Healthy 
people 

Capsule format 

18 weeks 
3 groups: 

2 × 
1010 CFU/daily(n=12), 

And 
6 × 1010 CFU/daily 

(n=13) 
 

Placebo 

↔Hand grip 
strength, 

10-meter walk 
test, 

30-second chair 
stand test, 

muscle mass  fat 
mass, 

Bone mineral 
density 

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=6893516_nutrients-11-02836-g003.jpg
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=6893516_nutrients-11-02836-g003.jpg
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 Authors Year 
Type 

of 
Study 

Participants 
(n, age & 

sex) 

Health 
status 

Type of 
L.plantarum 

TWK10 

Intervention 
(duration and 

dosage) 

Control 
group 

Outcome 
measures 

4 
 
 
 
 
 
 
 
 

1.3.2. 
Chia-Chia 
Lee et al 
(16). 

 

2022 RCT 

53 adults 
(26 men and 
27women) 
aged 20–30 

years old 

Healthy 
people 

without 
professional 

athletic 
training 

- 

6 weeks 
3 groups: 

viable TWK10 
3 × 1011 CFU /daily, 

And 
heat-killed TWK10, 
3 × 1011 CFU/daily 

And 
Placebo 

Placebo 

In both TWK10-hk 
and viable TWK10: 
↔Creatine kinase, 
lactate, ammonia,  

glucose 
↑time to 

exhaustion, SCFA, 
BMI 

In the viable 
TWK10: 

↓ fat mass,↑muscle 
weight 

In the TWK10-hk: 
↓NLR and PLR 

 

5 
 
 
 
 
 
 
 

Yi-
Chen Che

ng et al 
(21). 

2023 RCT 

Thirty 
healthy males 

aged 20–40 
years 

Healthy 
males 

without 
professional 

athletic 
training 

isolated from 
Taiwanese 

pickled cabbage,  
in capsule form 

6-weeks 
Two groups based on 

V02max levels: 
Heat-killed TWK10, 
1.5×1010 CFU/ daily 

 

Control 

↑exercise 
endurance time in 

the TWK10-HK, 
The grip strength 
on the right and 

left hands, 
muscle weight 

↓serum lactate, and 
ammonia 

↔BW, BMI, body 
fat mass, NLR and 

PLR 
Abbreviations: RCT, Randomized Controlled Trial; CFU, Colony Forming Units;↑, incresed;↓,decreased;↔ not changed; CK, Creatine Kinase; 
BUN, Blood Urea Nitrogen;   TG, triglycerides; RPE, Rate of Perceived Exertion; number; BMI, Body Mass Index; BAT, Brown Adipose Tissues; 
BW, Body Weight;   SCFA, Short-chain fatty acids; ICR, Institute of Cancer Research; TP, Total Protein; UA, Uric Acid; TC, Total Cholesterol; 
FFA, Free Fatty Acid; BV/TV, Bone Volume Fraction;  Tb. N, Trabecular Number; EFP, Epididymal Fat Pad; Tb.Sp, Trabecular Spacing; NLR, 
Neutrophil to Lymphocyte Ratio; PLR, Platelet to Lymphocyte Ratio; LP10, L. plantarum TWK10; 

 
 
Table 3. Summary of animal randomized clinical trials of L.plantarum TWK10 supplementation for sport performance in comparison of 
placebo control. 

 Authors Year 
Type 

of 
Study 

Participants 
(n, age & sex) 

Health 
status 

Type of 
L.plantarum 

TWK10 

Intervention 
(duration and 

dosage) 

Control 
group 

Outcome 
measures 

1 
Yi-Ming 
Chen et 
al (22). 

2016 RCT 
24 male (ICR) 

strain mice 
Healthy 

mice 

liquid 
bacterial 

suspension, 
Isolated from 

Taiwanese 
fermented 

cabbage 

6 weeks 

assigned to 3 
groups 

(8 mice/group): 
Vehicle 

And 

2.05 × 
CFU/kg/daily  810

And 
1.03 × 

109 CFU/kg/daily 

Placebo 

Dose-
dependently: 

↑exercise 
performance, 

swimming 
performance,  
forelimb grip 

strength, 
↓physical fatigue, 

During the 
exercise: 

↓serum lactate, 
ammonia, ck 

level, 
↔glucose, 

serum BUN 
End of the 
exercise: 

↓serum BUN, 
albumin, 

TG,↔CK, TP, 
creatinine, UA, 

TC, glucose 
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 Authors Year 
Type 

of 
Study 

Participants 
(n, age & sex) 

Health 
status 

Type of 
L.plantarum 

TWK10 

Intervention 
(duration and 

dosage) 

Control 
group 

Outcome 
measures 

2 

Wen-
Ching 
Huang 

et al 
(52). 

 

2019 RCT 

6-8 Male 
C57BL/6JNarl 
mice (6 weeks 

old 

Healthy 
mice 

Gavage 

6weeks 
2groups 

10× 109 CFU /0.5 
mL every weeks 

Control 

↔ to Time 
exhaustion, CK, 
glucose, muscle 
glycogen level  

↑BMR, physical 
activities 
↓ lactate, 
ammonia 

3 

Chia-
Chia Lee 

et al 
(25). 

2021 RCT 

33 male ICR 
mice were 

grouped by 
age into the 

young (age 4 
months; n = 
17) and the 
aged groups 
(age 19–22 
months; n = 

16) and each 
group was 
assigned to 
TWK10 or 

placebo 

Healthy 
mice 

liquid 
bacterial 

suspension, 
isolated from 

Taiwanese 
pickled 
cabbage 

8 weeks 
2 groups: 

1 × 109 CFU/daily 
And 

vehicle 

Placebo 

↔BW, BAT, 
muscle weight, 
↑glycogen, grip 

strength, 
BV/TV, Tb. N, 

BAT, SCFA, 
↓EFP, abdominal 

fat, 
Tb. Sp 

Abbreviations: RCT, Randomized controlled trial; CFU, Colony Forming Units;↑, incresed;↓,decreased;↔ not changed; CK, Creatine Kinase;   
BUN, Blood Urea Nitrogen; TG, Triglycerides ;RPE, Rate of Perceived Exertion number; BMI, Body Mass Index; BAT, Brown Adipose Tissues; 
BW, Body Weight; SCFA, Short-Chain Fatty Acids; ICR, Institute of Cancer Research; TP, Total Protein; UA, Uric Acid; TC, Total Cholesterol; 
FFA, Free Fatty Acid; BV/TV, Bone Volume fraction; Tb. N, Trabecular Number; EFP, Epididymal Fat Pad; Tb.Sp, Trabecular Spacing; NLR, 
Neutrophil to Lymphocyte Ratio; PLR, Platelet to Lymphocyte Ratio; LP10, L. plantarum TWK10; BMR, Basal Metabolic Rate; 

Assessment the Risk of Bias 
Regarding the risk of bias assessment, out of the 
five human studies included in this systematic 
review, one study exhibited a high risk of bias, 
two studies demonstrated a low risk of bias, and 

two studies were categorized as having a 
moderate risk of bias. This variability in risk 
levels highlights the potential impact of study 
design and methodology on the overall validity of 
the findings (Table 4).

 

Table 4. Quality assessment of clinical trials (according to the Cochrane guideline) included in the current study 

Study 
Sequence 

generation 
Allocation 

concealment 

Blinding of 
participants 

and 
personnel 

Blinding of 
outcome 

assessment 

Incomplete 
outcome 

data 

Selective 
outcome 

reporting 

Other 
potential 
threats to 

validity 

General 
risk of 

bias 

Mon-Chien 
Lee et 

al.2021 
U H L U L L L Low 

Wen-Ching 
Huang et 
al.2019 

U U L H L L L Low 

Wen-Ching 
Huang et 
al.2018 

U H L H L L H High 

Wen-Ching 
Huang et 
al.2021 

U U U H L L H 
Moderat

e 

Yi-Chen 
Cheng et 
al.2023 

U U L H L H L 
Moderat

e 

Abbreviations: L, low risk; U, unclear risk; H, high risk based on the Cochrane Collaboration's tool for assessing risk of bias 
qualitatively 

 

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=6893516_nutrients-11-02836-g003.jpg
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=6893516_nutrients-11-02836-g003.jpg
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The SYRCLE risk of bias tool was used to assess 
the methodological quality of the included 
animal studies. This tool evaluates key areas of 
potential bias, such as reporting bias, detection 
bias, performance bias, selection bias, and other 
relevant factors. The highest possible score for 

each study was 10. Out of the three animal 
studies included in this review, two studies 
received a score of 3, indicating a moderate risk 
of bias, while one study received a score of 2, 
indicating a higher risk of bias (Table 5). 

Table 5. Quality assessment of animal trials (according to the SYRCLE guideline) included in the current study 
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O
th

e
rs

 

T
o

ta
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Yi-Ming Chen 
et al.2016 

H U U H H U H L L L 3 

Chia-Chia Lee 
et al.2022 

U U H H H U H L L L 3 

Wen-Ching 
Huang et 
al.2019 

H L H H H H H L U U 2 

Abbreviations: L, low risk; U, unclear risk; H, high risk based on the SYRCLE Collaboration's tool for assessing risk of bias 
qualitatively 

Outcome 
Effect of TWK 10 supplementation on 
performance 
Animal research has revealed that TWK 10 
supplementation can bolster grip strength in 
both young and elderly rats, (24, 29) even 
without additional training (22). However, when 
it comes to human studies, the results are 
conflicting (25). On the topic of gait balance, a 
study on individuals consuming high doses of the 
10 displayed promising results, showing 
significant improvements in the 3 m timed up-
and-go test. However, the 10 m walk test and the 
30 s chair stand test, which assesses walking 
ability, lower-limb muscle strength, and 
endurance, did not show any significant positive 
effects from supplement consumption when 
compared to a placebo. (25). In conclusion, while 
animal studies suggest potential benefits of TWK 
10 supplementation on grip strength, human 
studies have been inconsistent. Furthermore, 
although TWK 10 consumption has shown 
positive effects on gait balance in the elderly, it 
does not appear to significantly improve walking 
ability and lower-limb muscle strength and 
endurance. Further research is required to gain a 
deeper understanding of the specific 
mechanisms involved in TWK 10’s impact on 
muscle strength improvement. 
 Another investigation on mean exhaustion times 
found that both TWK 10 and heat-killed TWK 10 

groups demonstrated significantly higher mean 
exhaustion times compared to a control group 
(16, 21). Nevertheless, the overall understanding 
of how TWK 10 supplementation affects muscle 
strength and its underlying mechanism remains 
limited due to extensive research. 

The Effect of Supplementation with TWK 10 on 
Exercise Performance in Weighted Swimming 
Test 
In an animal study investigating fatigue 
indicators, it was noted that endurance 
swimming time exhibited a dose-dependent rise 
(22). This observation indicates the importance 
of assessing endurance during exercise as a key 
indicator of fatigue levels. Additional 
investigation is warranted to delve into the 
underlying mechanisms and the potential 
implications of these findings in human subjects. 

Effect of Supplementation with TWK 10 on 
Serum Levels of Serum Lactate, Ammonia, 
Glucose, CK and BUN Levels after an Acute 
Exercise Test 
The assessment of muscle fatigue resulting from 
exercise can be performed through the analysis 
of serum levels of lactate, ammonia, glucose, CK, 
and BUN factors (30, 31). An animal study 
revealed that serum levels of lactate, ammonia, 
and creatine kinase decreased in a dose-
dependent manner following six weeks of 
supplementation in an acute exercise test. 
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However, urea and glucose levels did not exhibit 
significant changes (22). 
In human studies, conflicting findings were 
reported regarding the impact of TWK 10 on 
lactate levels, with some indicating no significant 
effect (16, 26). In contrast, others showed 
improved lactate accumulation during exercise 
and recovery compared to a placebo group (21, 
23). The effect of TWK 10 on ammonia levels also 
yielded contradictory results, with some studies 
reporting no significant effect (16, 26), and 
others showing reduced ammonia accumulation 
during exercise and recovery compared to a 
placebo group (21, 23). 
 Among human studies, supplementation with 
TWK 10 did not result in significant changes in 
levels of CK, FFA, AST, ALT, BUN, CREA, UA, 
glycerol, and vo2max compared to the placebo 
group (16, 23, 26). However, there were some 
discrepancies in the effect on glucose levels, as 
some studies showed a significant increase 
during exercise stimulation between groups (23, 
26) while others found no significant differences 
(16). In an animal study, no significant changes 
were observed in BUN, albumin, TG, CK, TP, 
creatinine, UA, TC, and glucose levels after an 
acute exercise test (22). In terms of bone quality 
restoration indicators, the administration of 
TWK10 resulted in a notable increase in Tb. N in 
both young and old mice compared to control 
mice (24). 
In summary, the effects of TWK 10 
supplementation on various indicators of muscle 
fatigue have shown mixed results, with some 
positive impacts such as decreased lactate and 
ammonia accumulation and increased time to 
exhaustion. However, the effects on glucose 
concentrations remain inconclusive. 
Additionally, TWK 10 has demonstrated 
potential benefits in improving bone quality. 
Further research is necessary to 
comprehensively understand the mechanisms 
and overall efficacy of TWK 10 supplementation 
concerning muscle fatigue and bone health. 

Other General Features after Supplementation 
with TWK 10 
 Studies have shown that the administration of 
viable or heat-killed TWK10 leads to an increase 
in the abundance of SCFA-producing bacteria and 
a significant increase in the concentration of 
short-chain fatty acids in both young mice and 
humans (16, 24). In young mice, 
supplementation with TWK10 resulted in a dose-

dependent decrease in the weight of the 
epididymal fat pad and the mean abdominal fat 
mass, as well as an increase in the relative weight 
of muscles such as the gastrocnemius and soles 
(24, 29) Additionally, TWK10 supplementation 
was found to increase the amount of type 1 
muscle fibers in the gastrocnemius muscle in a 
dose-dependent manner (22). Furthermore, 
some studies showed that supplementation with 
TWK 10 does not have a significant effect on the 
weight of the gastrocnemius muscle in either 
young or old rats. Still, the level of glycogen in 
young and old rats increased after taking the 
supplement, which can be related to the increase 
in the strength of the front limb. However, the 
total body weight did not change significantly 
(24). 
Human studies have also indicated that TWK10 
supplementation can increase muscle mass and 
decrease fat mass (16, 23) However, there were 
no significant differences in body weight and BMI 
among the groups (16, 21, 23). In elderly 
individuals, supplementation with TWK10 did 
not yield any significant changes in body 
composition or bone mineral density compared 
to placebo (25). Studies have shown that 
supplementation with TWK 10 has no significant 
effect on the RPE index, although the TWK 10 
group had lower RPE than the placebo group 
(26). 
Regarding the effects of TWK10 on exercise-
induced inflammatory responses (32), studies 
demonstrated that there was no significant 
decrease in NLR and PLR indices in TWK10 
receiving groups compared to placebo (23). 
However, the findings for heat-killed TWK10 
yielded conflicting results (16, 21). 
It should be noted that the impact of diet on the 
microbiome and gut health of endurance athletes 
should be considered in the interpretation and 
comparison of study results (33). The amount of 
fibre consumed plays a crucial role in gut health, 
as it affects transit time, stool frequency, and the 
production of SCFAs by microbiota (34, 35). 
In conclusion, the administration of TWK10 has 
demonstrated beneficial effects on 
gastrointestinal well-being and body structure in 
both young mice and humans. Nonetheless, its 
impact on total body weight and inflammatory 
reactions may exhibit variations. Additional 
research is required to completely comprehend 
the potential advantages of TWK10 
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supplementation in diverse demographics and 
exercise scenarios. 

Discussion 
This analysis reviewed interventions carried out 
between 2013 and 2023, illustrating the growing 
interest in using Lactobacillus plantarum TWK10 
probiotic supplementation for exercise and 
physical activity. These interventions focused on 
investigating the impact of probiotics on various 
functional traits in untrained individuals and 
animal models. Collectively, the studies revealed 
positive effects of TWK10 probiotic 
supplementation on athletic performance, 
although not always statistically significant. 
Notably, single-strain TWK 10 probiotic products 
demonstrated favourable effects on endurance, 
body composition, and fatigue recovery. 
Furthermore, research indicates that the effects 
of this strain may depend on the dosage (22, 23, 
25). 
Until recently, the influence of probiotic 
supplementation on exercise performance and 
muscle strength had been largely unexplored. 
However, recent studies have shown that LP10 
supplementation increased muscle mass, 
forelimb grip strength, and muscle explosive 
power in the absence of a structured training 
protocol. LP-10 supplements increased intestinal 
SCFA content (16, 24). These SCFAs affect lipid, 
glucose, and cholesterol metabolism in various 
tissues and maintain intestinal integrity. 
Activating peroxisome proliferator-activated 
receptor γ coactivator 1α (PGC-1α) initiates the 
process of adenosine triphosphate (ATP) 
production, consequently providing the 
necessary energy for physical exercise and 
augmenting the overall performance in 
endurance-based physical activities (36). These 
may justify the possible mechanisms in the field 
of increasing muscle mass and strength (35). 
Additionally, in earlier studies, the 
administration of Lactobacillus was found to 
decrease the presence of atrophy markers (37); 
therefore, it has been suggested that the gut 
microbiota could impact muscle metabolism (38) 
and might represent a potential therapeutic 
focus in addressing muscle wasting. Systemic 
inflammatory cytokines and the restoration of 
Lactobacilli levels were observed to decrease the 
indicators of the autophagy-lysosomal pathway, 
a significant protein breakdown system in the 
gastrocnemius and tibialis muscles (39). 

Consequently, based on our current findings, the 
supplementation of LP10 resulted in amplified 
muscle mass, leading to improved forelimb grip 
strength. These findings suggest promising 
potential for the use of probiotics to enhance 
athletic performance, particularly in the areas of 
endurance, body composition, and muscle 
strength (22, 24).  
Physical activity, being a stressor for the body, 
triggers inflammatory reactions by stimulating 
the release of pro-inflammatory cytokines and 
reactive oxygen species from activated white 
blood cells, ultimately leading to muscle and 
tissue damage (40-43). Previous research has 
demonstrated a notable decrease in NLR and PLR 
values (16), which serve as indicators of 
exercise-induced systemic inflammatory 
responses (32), in individuals administered a 
high dose of heat-killed TWK10 compared to 
those given a low dose (21). This finding 
supports earlier studies suggesting that the anti-
inflammatory effects of probiotics are contingent 
on the dosage administered (44-46). However, 
more research on energy metabolism and gut 
microbiota is needed to better understand the 
underlying mechanisms involved in the 
regulation of body composition by live and heat-
killed TWK10.  
LP10 supplementation may have the ability to 
remove and use blood lactate after exercise (22, 
23). Lactic acid, a fatigue-associated factor in 
exercise, is generated through the glycolytic 
pathway (47).  Through the studies, it is 
understood that TWK10 primarily supports the 
energy demands of exercise by enhancing the 
oxidation of fatty acids instead of the degradation 
of glucose, consequently leading to a decrease in 
lactic acid production (21). During intense 
physical activity, ammonia, a byproduct of the 
metabolism of nitrogen-containing compounds, 
is regarded as a contributing factor to the 
initiation of fatigue induced by exercise (48). 
These cellular byproducts are capable of 
inducing muscular fatigue via intracellular 
acidification within the organism (49). Hence, to 
recuperate from exercise-induced fatigue, it is 
imperative to facilitate the repair of bodily 
damage and expel the accumulated exercise-
related metabolites. In the current research, the 
application of heat-killed and viable TWK10 
diminishes post-exercise ammonia formation 
(21, 27, 28) and expedites muscle recuperation. 
Therefore, the use of heat-killed TWK10 is linked 
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to potential anti-fatigue advantages by curbing 
lactate and ammonia generation during physical 
activity. 
Given the predominantly favorable findings thus 
far, additional research could be valuable in 
assessing the potential enhancement of physical 
performance through probiotic use while 
considering the potential performance-
enhancing effects of probiotics (50, 51). 

Strengths  
This systematic review investigate a relatively 
new field of research and provides robust 
evidence, derived from randomized studies. The 
inclusion of various functional tests and different 
performance measures strengthens the validity 
of the findings, offering insights into the potential 
benefits of Lactobacillus plantarum TWK10 
supplementation for athletic performance. 

Limitations  
A significant limitation of the studies reviewed is 
the lack of control over participants' physical 
activity levels, making it difficult to compare 
results across studies. Additionally, most of the 
research focused primarily on the effects of 
probiotics on intestinal health, with limited 
exploration of their impact on broader 
performance aspects. 

Conclusion 
In summary, findings from the examined studies 
indicate that supplementation with the single-
strain LP10 probiotic is likely to result in 
enhancements in specific aspects of 
performance, such as endurance, strength, 
conditions, and performance-related physical 
features, including muscle soreness and body 
composition. Nevertheless, the diversity among 
the existing studies precludes us from making 
conclusive determinations on this matter. While 
interest in this area of research is growing, it 
remains challenging to make direct comparisons 
between the available studies to establish robust 
evidence. Further controlled and comparative 
studies are necessary to substantiate the impact 
of LP10 supplementation on athletic 
performance. 

Clinical Implications   
The positive effects of Lactobacillus plantarum 
TWK10 supplementation on endurance, muscle 
strength, and body composition suggest its 
potential as a beneficial adjunct in sports 
nutrition. Probiotics may help enhance 

performance and recovery, particularly for 
athletes or individuals seeking improved 
physical outcomes. 

Future Directions   
Future research should focus on controlling for 
physical activity levels to ensure consistent 
results. Additionally, exploring the mechanisms 
of probiotics on muscle metabolism and 
recovery, and studying long-term effects in 
athletes, will help clarify their role in optimizing 
athletic performance. 
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