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Abstract

:

Background: The dietary proteins are one of the most important factors determining health conditions in humans. The sufficient digestion and absorption of dietary proteins in the digestive tract has positive effects on performance and recovery in sportspeople and athletes. Improving protein digestibility is a strategy for maintaining health status and optimal performance in sport and exercise activities. Objectives: The aim of the present study is to verify whether Weizmannia coagulans BC 99 (BC99) can increase muscle mass and strength. Methods: This randomized double-blind, controlled trial assigned 72 male college students to receive probiotics (n = 36, 20.25 ± 1.03 years; 179.00 ± 5.94 cm; 73.55 ± 8.73 kg, protein powder with BC99) or the placebo (n = 36, 20.19 ± 0.79 years; 179.25 ± 5.16 cm; 73.61 ± 8.24 kg, protein powder) for 12 weeks. At the baseline and final stages of the study, strength tests and body composition assessment were performed. Blood and stool samples were taken at the end of the 12-week intervention, and digestive enzymatic activity of stool samples, biochemical parameters, amino acids and hormone level of plasma were analyzed. Results: BC99 administration significantly improved strength performance, skeletal muscle mass, activity of pepsin and trypsin, the concentrations of branched chain amino acids and essential amino acids, reduced activities of creatine kinase and lactic dehydrogenase and urea nitrogen (BUN) level and increased testosterone and glucagon-like peptide-1 level in male college students. Conclusions: Therefore, BC99 supplementation can be an important nutritional strategy to improve strength performance, body composition, protein digestion and body metabolism in healthy young males.
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1. Introduction


Muscle strength is associated with body composition including skeletal muscle mass and fat mass [1]. Changes in body composition are influenced by lifestyle, physical exercise and eating habits [2]. Generally, fat intake and carbohydrates were deemed as the cause of obesity, cardiovascular diseases and diabetes. The importance of protein intake seems to follow a socio-cultural trend, “carbs bad/protein good”. Indeed, an adequate intake of proteins in the diet is critical for maintaining good health and athletic performance in humans. Proteins and their hydrolysates, including amino acids, dipeptides and tripeptides, possess metabolic regulation function besides building tissues or organs [3,4]. Some studies have observed that the insufficient digestion of protein, reduction of enzyme secretion and its activity led to reduction of amino acid levels in blood [5] and affected the metabolism and function of amino acids in skeletal muscle [6]. Therefore, the digestion of food proteins in the gastrointestinal tract and amino acid metabolism are the two most important factors that maintain or improve muscle strength.



It is well established that optimal performance of athletes in some sports is associated with skeletal muscle mass and strength. Muscle protein synthesis (MPS) and breakdown (MPB) in skeletal muscle can lead to changes in skeletal muscle mass and muscle strength [7]. Reduction of skeletal muscle mass are associated with metabolic disorders [8] and aging [9].



Dietary supplements are used for improving body composition, endurance, sports performance and metabolic adaptations [10,11]. Protein and amino acids have been used for maintaining strength, recovering muscular mass and preventing nutritional deficiencies [12]. Intake of protein and amino acids can also stimulate MPS [12,13]. However, undigested protein and amino acids can be utilized by bacteria in the intestines and produce harmful metabolites including skatole and sulfide [14], and can cause gastrointestinal discomfort [15]. Thus, intervention strategies have been proposed to improve protein digestibility in the gastrointestinal tract and amino acid metabolism levels in the body.



Probiotics are living microorganisms that have positive effects on the health of the host when ingested in adequate quantities [16]. Many studies have suggested that probiotics can influence the digestion and utilization of proteins in the intestinal tract. Improvement of dietary protein digestion by probiotics can be achieved through regulation of the intestinal microbiota, increase of digestive enzyme activity and improvement of digestibility and absorption. Studies in animals have demonstrated that Lactobacillus plantarum GF103 and Bacillus subtilis B27 improved digestibility of crude protein [17]. Clinical trials have also shown that the probiotic Bacillus coagulans GBI-30 increases the digestion and uptake of plant proteins [18]. These results showed that probiotics can beneficially modulate digestion and utilization of proteins in the intestinal tract.



Several studies have shown that gut microbiota could influence muscle metabolism and function [19,20]. Therefore, the hypothesis of the ‘gut–muscle axis’ has been raised to study the associations between microbiota and muscle [21], and lead to some new research projects which focus on probiotics to target muscle mass and function [22,23]. Probiotic strains of commercial use mainly include the genera Lactobacillus, Bifidobacterium and Bacillus [24]. Weizmannia coagulans BC99 (BC99) is a Gram-positive, spore-forming and lactic-acid-producing probiotic strain isolated from the fecal sample of a healthy infant in Inner Mongolia [25], is used as probiotics and has exhibited its potential to improve intestinal diseases, such as irritable bowel syndrome, acute diarrhea, colitis and constipation [26]; however, the effect of BC99 on physical performance, including muscle mass and strength, has not yet been evaluated. The purpose of this study is to evaluate the effects of BC99 on physical performance and verify whether BC99 would promote protein digestion in college athletes. The hypothesis of the present study is that BC99 can increase muscle mass and strength.




2. Materials and Method


2.1. Ethics Approval and Consent to Participate


The present study was conducted at the college of food and bioengineering, Henan University of Science and Technology, China. It was conducted in accordance with the Declaration of Helsinki, and the study protocol was approved by the Research Ethics Committee of Henan University of Science and Technology (13 January 2024) (NCT06307821); all participants signed an approved informed consent form prior to participation.




2.2. Participant Characteristics


Male college students who agreed to take probiotics were recruited for this study. Those who had been exposed to antibiotics within 3 months or had a neuromuscular disorder, acute or chronic metabolic, respiratory or cardiovascular disorder, lactose intolerance or any other signs of ill health were excluded.



A total of 72 participants who met the enrollment criteria were randomly assigned to the placebo group (n = 36) and the probiotic group (n = 36). Participant characteristics and biochemical parameters are shown in Table 1. Differences between the placebo and probiotics groups were not statistically significant.



Powdered probiotics (3 g dose of milk protein concentrate with 6 × 109 CFU BC99/pack) and placebo (3 g dose of milk protein concentrate/pack) were obtained from the Wecare Probiotics Co., Ltd. (Suzhou, China), and the two were indistinguishable by the naked eye. Participants were instructed to consume 8 packs (either placebo or probiotic) per day for the duration of the 12-week supplementation period. The participants were periodically monitored to ensure full compliance with the treatment of this study.




2.3. Experimental Design


This study was conducted using a randomized, double-blind design. The study procedures are shown in Figure 1.



During a 12-week intervention period, all participants had an identical exercise protocol because they were from the same major.




2.4. Strength Performance and Body Composition


At the baseline and final stages of the study, strength tests were performed, the one repetition maximum (1RM) of the barbell bench press and squat was assessed and the number of 80%RM repetitions was scored according to previous studies with some modifications [27,28]. Body composition was assessed through InBody270 (Biospace Co., Ltd., Seoul, Republic of Korea) at the baseline and final stages of the study.




2.5. Enzyme Assays


At the final stages of the study, stool samples were collected using sterilized EP tubes (Nalge Nunc, Rochester, NY, USA), and stored at −80 °C until assayed. Frozen 100 mg stool samples were placed into a 2 mL centrifuge tube with 1 mL PBS, and centrifuged at 3500× g for 10 min at 4 °C after being homogenized. Then, the supernatant was harvested for analysis of the digestive enzyme. The activities of digestive enzymes including pepsin, trypsin and lipase were determined according to assay kit instructions (Nanjing Jiancheng Bioengineering Institute, Nanjing, China). The enzyme activities were expressed as units per milligram or gram of protein, and the amount of protein in the samples was determined using a commercially available bicinchoninic acid kit (Nanjing Jiancheng Bioengineering Institute).




2.6. Venous Blood Collection and Processing


At the final stages of the study, venous blood was collected after 12 h fasting, plasma samples were obtained by centrifuging at 3000 rpm for 5 min at 4 °C and then all samples were stored at −80 °C for further analysis. Blood was also taken at 3 h post-ingestion; the plasma samples were obtained for amino acid analyses according to the above method.




2.7. Amino Acid Determination


The Agilent 1290 Infinity ultra-high performance liquid chromatography and QTRAP® 6500+ tandem triple quadrupole mass spectrometer (UHPLC-MS/MS, SCIEX Pte. Ltd., Framingham, MA, USA) were used for free amino acids analysis in the plasma sample, and quantified by isotope internal standard. A test solution was prepared according to the following steps: 50 μL of plasma sample and 50 μL of mixed solution of isotope internal standards with 16 amino acid (50 μM) were added to 400 μL of methanol/acetonitrile (v/v, 1:1) solution, separately. Then, the above solution was mixed on a vortex mixer for 1 min and left to stand for 1 h at 4 °C to allow the protein complete precipitation. Subsequently, a resulting test solution was obtained via centrifugation at 12,000 rpm for 20 min at 4 °C.



Chromatographic separation was carried out on Waters ACQUITY UPLC BEH Amide column (2.1 mm × 150 mm, 1.7 µm). Column temperature was set as 35 °C. Mobile phase A consisted of MQ water containing 0.1% (v/v) formic acid and mobile phase B was a mixture of 0.1% formic acid-acetonitrile. The flow rate and injection volume were 300 µL/min and 2 µL, respectively. The gradient profile is as follows: Initial, 85% B; 1 min, 85% B; 3 min, 50% B; 11.5 min, 40% B; 12 min, 75% B.



The MS conditions were as follows: The electro-spray ionization source (ESI) was operated using the positive mode with capillary voltage of 4.5 kV and an ion source temperature of 500 °C. The flow rates of ion source gas1, ion source gas2 and curtain gas were set at 55 L/h, 50 L/h and 30 L/h, respectively.




2.8. Biochemistry Analysis


The biochemical parameters in plasma including lactate dehydrogenase (LDH) and creatine kinase (CK) were measured using the commercial kit according to the manufacturer’s protocol (Nanjing Jiancheng Bioengineering Institute).



Myoglobin (Mb) and blood urea nitrogen (BUN) were measured using automatic biochemical analyzer (Shanghai Kehua Experimental Equipment Co., Ltd., Shanghai, China) at the Health Management Center, the Hospital of Henan University of Science and Technology.




2.9. Hormone Assays


The levels of testosterone and glucagon-like peptide-1 (GLP-1) in plasma were determined using a commercially available kit (Nanjing Jiancheng Bioengineering Institute).




2.10. Statistical Analysis


Student’s t-test and the Mann–Whitney test were used to compare quantitative variables between the two groups at baseline. All clinical and laboratory parameters were compared between the treatment groups (placebo and probiotic) and over time (baseline, and 12 week) using generalized linear models. p-values < 0.05 were considered statistically significant. All calculations were performed using IBM SPSS Statistics version 22.0.





3. Results


3.1. Effect of W. coagulans BC99 on Strength Performance


As shown in Table 2, strength performance was compared prior to and following the intervention. There were no significant differences in the bench press and squat between the two groups at the baseline. After a 12-week intervention, the number of 80%RM repetitions in bench press and squat in the probiotic group was significantly higher than that of the placebo group, while no significant differences were observed between the two groups after the 1RM test of bench press and squat. Moreover, compared with that in the baseline stage of the study, the 1RM test of bench press and squat in both the placebo and probiotic group in the final stage of study was higher (p < 0.05).




3.2. Effect of W. coagulans BC99 on Body Composition


Body composition changes were also compared prior to and following the intervention. After a 12-week intervention, compared with the placebo group, the probiotic group showed a significant increase in muscle mass and fat free mass (p < 0.05), a significant decrease in fat mass (p < 0.05) and a decreasing trend in body weight; however, the difference was not statistically significant (p = 0.07). Compared with that in the baseline stage, body composition in the final stage was not significantly different in the placebo group. However, compared with that in the baseline stage, muscle mass, fat-free mass showed a significant increase (p < 0.05), and reductions in fat mass (p < 0.01) in the probiotic group. The results are presented in Table 3.




3.3. Effect of W. coagulans BC99 on Enzymatic Activity of Stool Samples


After a 12-week intervention, compared with those in the placebo group, the activities of pepsin, trypsin and lipase significantly increased (p < 0.01) in the probiotic group. The results are presented in Figure 2.




3.4. Effect of W. coagulans BC99 on Plasma Concentration of Amino Acids


To investigate whether BC99 intervention increased the plasma concentration of amino acids by enhancing digestibility, 22 amino acids were analyzed (Table 4). The concentrations of alanine, arginine, Gamma-aminobutyric acid (GABA), glutamine, isoleucine, leucine, taurine, and tyrosine were significantly higher in the probiotic group than those in the placebo group. Compared with those in the placebo group, the concentrations of proline and valine tended to increase in the probiotic group, although the increase was not significant. In particular, the concentrations of branched chain amino acids (BCAA), including isoleucine and leucine, and essential amino acid (EAA) were significantly higher in the probiotic group than those in the placebo group. Compared to the placebo group, the concentrations of BCAA and EAA were 1.61 and 1.27 times higher in the probiotic group, respectively.




3.5. Effect of W. coagulans BC99 on Plasma Biochemical Parameters


After a 12-week intervention, compared with those of the placebo group, a statistically significant decrease in the activities of LDH (p < 0.05), CK (p < 0.01) and the concentration of BUN (p < 0.05) of the probiotic group was observed. There is no significant difference in the concentration of Mb between the two groups. The results are presented in Table 5.




3.6. Effect of W. coagulans BC99 on Plasma Hormone Level


After a 12-week intervention, compared with those in the placebo group, plasma testosterone and GLP-1 levels were significantly increased in the probiotic group (Figure 3).





4. Discussion


In this study, we evaluate whether BC99 may obtain optimal athletic performance by improving protein digestion and amino acid metabolism in male students of sport education major. As we expected, BC99 significantly increased strength performance in male college students (Table 2). Notably, we observed that protein supplementation (placebo group) also significantly improved strength performance from pre-test to post-test. It is possible that protein supplementation stimulates muscle anabolism [29,30], then improved skeletal muscle mass and performance.



Several studies have shown that protein supplementation contributes to strength recovery and improvement of run performance and muscle mass [31,32]. In contrast, some studies found that protein supplementation had no efficacy for strength and performance [33,34,35]. These discrepancies can be associated with the digestibility of proteins in the gastrointestinal tract besides protein types, protein dose and the metabolic status of host. Overall, this study provides evidence that BC99 exhibited good efficacy in improvement of strength performance in the male students.



Skeletal muscle accounts for about 40% of body weight in humans. Skeletal muscle mass affects muscle strength [36] and superior athletic performance [37]. Skeletal muscle is a highly plastic tissue, being able to respond to numerous environmental cues, such as exercise and nutrition [38]. Such a response to environmental and physiological changing conditions can lead to changes in skeletal muscle mass, function and composition. In health, muscle mass is maintained by the precisely regulated muscles MPS and MPB [7]. In this study, the significant differences between the placebo and probiotic groups in muscle mass, fat mass and fat-free mass were observed (Table 3), suggesting that increase in muscle quality may have contributed to improvement of strength performance after BC99 intervention.



It has been suggested that free essential amino acid (EAA) compositions stimulated muscle protein synthesis more than the same profile and amount of EAAs in dietary protein [39] and that the higher protein digestion and amino acid absorption were more effective for stimulating MPS [39,40,41], indicating that enhancing the digestion rate of dietary protein can facilitate the release of free amino acids into the blood circulation system, increase the bioavailability of dietary protein and stimulate MPS.



We subsequently evaluated the activity of proteases including pepsin and trypsin in stool samples and the concentration of amino acid in plasma. The results showed that BC99 increased the activity of pepsin and trypsin and concentration of amino acid; specifically, levels of BCAA and EAA were significantly increased. The increase in plasma amino acid concentration seems to be, at least partly, attributed to the higher protein digestion after ingestion of BC99 compared with the single protein supplement. Clinical studies have shown that BCAA can promote MPS [42], and EAA can also effectively stimulate MPS [43]. Muscle protein synthesis is the metabolic basis for increased muscle mass and physical function [44]. Together with the above results, we concluded that the probiotic BC99 could enhance muscle protein anabolism by facilitating digestion and absorption of dietary protein. In addition, we also found that the ingestion of BC99 increased activity of lipase; these results provided evidence that BC99 could also improve digestion of other nutrients besides protein in the diet, and BC99 supplementation may be an important strategy to improve digestive function for patients with indigestion.



BUN is a fatigue-related biomarker. BC99 reduced BUN level. LDH is an enzyme which catalyzes conversion of pyruvate to lactic acid [45], and creatine kinase can convert creatine into the high-energy phosphocreatine molecule [46]. The excessive production of LDH and creatine kinase leads to muscle damage [47]; thus, both are biomarkers of muscle damage. In this study, we observed that BC99 intervention attenuated CK and LDH levels, and decreased BUN. These results indicated that BC99 could improve endurance, reduce fatigue and decrease muscle damage. Despite Mb being important in maintaining oxygen consumption and tension generation in skeletal muscle, the Mb content between two groups had no significant difference in this study.



A continuous turnover of protein (synthesis and breakdown) maintains the functional integrity and quality of skeletal muscle. Hormones are important regulators of this remodeling process. Anabolic hormones stimulate human muscle growth mainly by increasing protein synthesis or by decreasing protein breakdown. Both testosterone and glucagon-like peptide-one (GLP-1) are critical hormones relating to skeletal muscle protein metabolism. Subnormal testosterone levels led to unfavorable changes in body composition such as reducing muscle mass and strength, as well as increasing fat mass [48]. Testosterone supplementation increased muscle mass by inhibiting protein degradation in older men [49]. Some evidence suggests that testosterone supplementation attenuates the decrease in muscle mass and grip strength [49,50], increased lean body mass and leg and arm muscle strength [51]. GLP-1 is a peptide hormone with 30 amino acids and affects muscle mass and its function [52,53]. GLP-1 can augment MPS in skeletal muscle of older humans [54].



Previous studies have suggested gut microbiota affect the hormone level of the host [55]. Probiotics possess a health-promoting effect by increasing intestinal bacterial diversity and producing numerous metabolites [56]. A recent study showed that supplementary probiotic changed hormone levels and metabolic parameters of the host [57]. In our study, administration of BC99 for 12 weeks significantly increased testosterone and GLP-1 levels compared to that in the placebo group. It is possible that BC99 increases MPS by regulating hormone changes.



The study contributes to building the scientific foundation for using the probiotic BC99 as a potential tool for improving muscle protein synthesis and enhancing exercise capacity.




5. Conclusions


The present study demonstrated that BC99 intervention can significantly increase bench press and squat 1RM and 80%RM times, increase muscle mass and fat-free mass, decrease fat mass and increase the activities of pepsin, trypsin and lipase and the concentrations of alanine, arginine, GABA, glutamine, isoleucine, leucine, taurine and tyrosine, particularly, the concentrations of BCAA and EAA. In addition, BC99 intervention significantly decreased the activities of LDH and CK and the concentration of BUN, and increased testosterone and GLP-1 levels in plasma. These findings suggest that BC99 had positive effects on strength performance by regulating body composition, protein digestion and absorption of amino acids, metabolism of skeletal muscle-related biochemical parameters and hormone levels. Therefore, the probiotic BC99 has significant market value in various groups of individuals, from athletes to patients suffering from obesity and even sarcopenia. However, further studies are required to understand dose response and the underlying mechanisms and best practices to advance the application of BC99 as functional products.
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Figure 1. The schedule of procedure for the present study. 
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Figure 2. Changes in enzymatic activity of stool samples. (A): Changes in pepsin activity. (B): Changes in trypsin activity. (C): Changes in lipase activity. Data are expressed as mean ± SD. ** means the difference is significant at the 0.01 level. 
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Figure 3. Changes in plasma hormone level. (A): Changes in plasma testosterone level. (B): Changes in t glucagon-like peptide-1 level. Data are expressed as mean ± SD. * means the difference is significant at the 0.01 level. 
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Table 1. Participant characteristics and biochemical parameters.
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	Placebo (n = 36)
	Probiotic (n = 36)





	Age (years)
	20.25 ± 1.03
	20.19 ± 0.79



	Height (cm)
	179.00 ± 5.94
	179.25 ± 5.16



	Weigh (kg)
	73.55 ± 8.73
	73.61 ± 8.24



	AST (mmol/L)
	16.63 ± 9.23
	15.14 ± 4.77



	ALT (mmol/L)
	35.53 ± 9.21
	32.06 ± 8.65



	TG (mmol/L)
	0.97 ± 0.66
	0.99 ± 0.39



	TC (mmol/L)
	3.49 ± 0.44
	3.76 ± 0.48



	Glucose(mmol/L)
	4.93 ± 0.31
	4.91 ± 0.29



	Feces occult blood
	ND
	ND







Values are presented as mean ± SD. There were not statistically significant differences between the placebo and probiotics groups. AST—aspartate aminotransferase; ALT—alanine aminotransferase; TG—triglycerides; TC—total cholesterol; ND—Not Detected.













 





Table 2. Changes in strength performance in the placebo and probiotic groups at baseline and at the end of the 12-week intervention.
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Placebo

	
Probiotics




	
Baseline

	
End

	
Baseline

	
End






	
Bench press

	
1RM (kg)

	
68.06 ± 12.32

	
76.14 ± 9.04 *

	
70.14 ± 9.74

	
78.27 ± 10.29 *




	

	
80%RM (times)

	
11.42 ± 3.54

	
10.07 ± 2.36

	
11.31 ± 3.09

	
11.41 ± 1.84 ▲




	
Squat

	
1RM (kg)

	
114.86 ± 21.51

	
131.90 ± 23.20 *

	
121.57 ± 17.65

	
133.65 ± 18.84 *




	

	
80%RM (times)

	
10.33 ± 5.39

	
10.91 ± 2.96

	
10.54 ± 4.14

	
13.04 ± 4.01 ▲








Values are presented as mean ± SD. * means the difference between baseline and study end is significant at the 0.05 level. ▲ means the difference between placebo and probiotic groups is significant at the 0.05 level.













 





Table 3. Body composition variables in the placebo and probiotic groups at baseline and at the end of the 12-week intervention.
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Placebo

	
Probiotics




	
Baseline

	
End

	
Baseline

	
End






	
Muscle mass

	
34.44 ± 3.78

	
34.15 ± 2.93

	
34.47 ± 3.34

	
36.16 ± 3.12 *▲




	
Fat mass

	
11.01 ± 3.41

	
9.90 ± 3.55

	
10.91 ± 3.07

	
8.31 ± 2.18 **▲




	
Fat-free mass

	
61.28 ± 4.78

	
59.89 ± 4.05

	
61.25 ± 5.69

	
64.77 ± 4.59 *▲




	
Body weight

	
73.55 ± 8.73

	
69.94 ± 6.95

	
73.61 ± 8.24

	
70.08 ± 7.18




	
BMI

	
22.26 ± 2.14

	
21.67 ± 2.12

	
22.55 ± 2.13

	
21.95 ± 1.94








Values are presented as mean ± SD. * means the difference between baseline and study end is significant at the 0.05 level. ** means the difference between baseline and study end is significant at the 0.01 level. ▲ means the difference between placebo and probiotic groups is significant at the 0.05 level. BMI—Body Mass Index.













 





Table 4. Plasma concentrations of 22 amino acids (μmol/L).
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	Amino Acids
	Placebo (n = 36)
	Probiotic (n = 36)
	p Value





	Alanine
	100.45 ± 5.02
	119.32 ± 8.39
	0.001



	Arginine
	74.30 ± 5.75
	107.43 ± 12.13
	0.000



	Asparagine
	36.16 ± 3.34
	40.53 ± 2.84
	0.210



	Aspartic acid
	7.18 ± 1.15
	7.76 ± 0.39
	0.273



	Cysteine
	7.19 ± 1.16
	7.78 ± 0.40
	0.261



	GABA
	0.41 ± 0.09
	0.59 ± 0.08
	0.004



	Glutamate
	1589.43 ± 251.86
	1704.56 ± 431.67
	0.008



	Glutamine
	486.67 ± 32.71
	542.75 ± 25.63
	0.585



	Glycine
	107.29 ± 10.67
	105.34 ± 11.19
	0.764



	Histidine
	87.89 ± 8.82
	87.60 ± 7.49
	0.951



	Isoleucine
	75.89 ± 7.26
	90.68 ± 14.11
	0.001



	Leucine
	156.03 ± 22.01
	192.79 ± 19.41
	0.014



	Lysine
	229.17 ± 48.41
	240.14 ± 25.52
	0.108



	Methionine
	29.45 ± 2.74
	32.64 ± 3.89
	0.132



	Phenylalanine
	55.28 ± 2.05
	53.47 ± 5.23
	0.449



	Proline
	118.92 ± 9.57
	132.49 ± 12.34
	0.059



	Serine
	83.33 ± 11.38
	83.15 ± 15.97
	0.983



	Taurine
	22.85 ± 1.51
	25.51 ± 2.19
	0.035



	Threonine
	190.11 ± 13.40
	205.05 ± 28.42
	0.271



	Tryptophan
	38.75 ± 5.11
	37.54 ± 4.69
	0.678



	Tyrosine
	38.54 ± 1.67
	33.07 ± 2.51
	0.001



	Valine
	120.32 ± 9.28
	131.25 ± 8.96
	0.065



	BCAA
	350.49 ± 39.83
	564.18 ± 29.06
	0.000



	EAA
	963.65 ± 65.47
	1222.31 ± 65.83
	0.000



	Total AA
	3643.83 ± 254.01
	4092.35 ± 495.51
	0.077







Data are expressed as mean ± SD.













 





Table 5. Changes in plasma biochemical parameters in the placebo and probiotic groups.
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	Placebo (n = 36)
	Probiotic (n = 36)





	LDH (U/L)
	2036.90 ± 273
	1327.18 ± 368 *
