

Supplementary Table 1. Treatment sequence in the crossover study

	Sequence
	Period 1
	Period 2
	Period 3
	Period 4

	1  (n = 6)
	Placebo
	3 g/day
	6 g/day
	9 g/day

	2  (n = 6)
	3 g/day
	6 g/day
	9 g/day
	12 g/day

	3  (n = 6)
	6 g/day
	9 g/day
	12 g/day
	Placebo

	4  (n = 6)
	9 g/day
	12 g/day
	Placebo
	3 g/day

	5  (n = 6)
	12 g/day
	Placebo
	3 g/day
	6 g/day








Supplementary Table 2. Participant baseline plasma amino acid concentrations.

	A) Indispensable amino acids

	His
	(μmol/L)
	82.7
	±
	9.6

	Ile
	(μmol/L)
	74.7
	±
	20.1

	Leu
	(μmol/L)
	133.0
	±
	26.3

	Lys
	(μmol/L)
	200.7
	±
	36.2

	Met
	(μmol/L)
	25.3
	±
	5.0

	Phe
	(μmol/L)
	60.9
	±
	8.1

	Thr
	(μmol/L)
	135.7
	±
	23.6

	Trp
	(μmol/L)
	59.4
	±
	7.6

	Val
	(μmol/L)
	247.3
	±
	36.5

	B) Dispensable amino acids

	Ala
	(μmol/L)
	387.2
	±
	74.7

	Arg
	(μmol/L)
	99.5
	±
	20.9

	Asp
	(μmol/L)
	< 5.0
	　
	　

	Asn
	(μmol/L)
	47.5
	±
	7.1

	Cystine
	(μmol/L)
	44.5
	±
	7.1

	Glu
	(μmol/L)
	31.5
	±
	8.6

	Gln
	(μmol/L)
	625.7
	±
	57.5

	Gly
	(μmol/L)
	225.2
	±
	33.6

	Pro
	(μmol/L)
	167.3
	±
	50.5

	Ser
	(μmol/L) 
	110.3
	±
	23.0

	Tyr
	(μmol/L)
	65.6
	±
	11.7

	C) Non-proteinogenic amino acids

	Orn
	(μmol/L)
	63.0
	±
	11.1

	Cit
	(μmol/L)
	32.6
	±
	6.5



Baseline plasma amino acid concentrations of A) Indispensable amino acids (His, L-histidine; Ile, L-isoleucine; Leu, L-leucine; Lys, L-lysine; Met, L-methionine; Phe, L-phenylalanine; Thr, L-threonine; Trp, L-tryptophan and Val, L-valine), B) Dispensable amino acids (Ala, L-alanine; Arg, L-arginine; Asn, L-asparagine; Cystine, L-cystine; Glu, L-glutamate; Gln, L-glutamine; Gly, glycine; Pro, L-proline; Ser, L-serine and Tyr, L-tyrosine) and C) Non-proteinogenic amino acids (Orn, L-ornithine and Cit, L-citrulline). All values are presented as means ± SD (n = 30 in pre-intervention)).



Supplementary Table 3.  Primary endpoints measured at the end of the supplementation period.

	 g/day 
	　
	mean
	±
	SD
	delta
	P

	A) Biochemical tests

	TP
	0
	　
	7.16
	±
	0.28
	
	　

	(g/dL)
	3
	　
	7.21
	±
	0.28
	0.05
	0.930

	RV 6.7-8.3
	6
	　
	7.23
	±
	0.29
	0.06
	0.861

	
	9
	　
	7.14
	±
	0.29
	-0.02
	0.994

	　
	12
	　
	7.12
	±
	0.28
	-0.04
	0.962

	ALB
	0
	　
	4.40
	±
	0.22
	
	　

	(g/dL)
	3
	　
	4.44
	±
	0.26
	0.03
	0.972

	RV 3.8-5.2
	6
	　
	4.45
	±
	0.22
	0.05
	0.918

	
	9
	　
	4.39
	±
	0.23
	-0.01
	0.999

	　
	12
	　
	4.40
	±
	0.29
	-0.01
	1.000

	T-BIL
	0
	　
	0.95
	±
	0.45
	
	　

	(mg/dL)
	3
	　
	0.92
	±
	0.35
	-0.02
	0.998

	RV 0.2-1.2
	6
	　
	0.90
	±
	0.38
	-0.04
	0.985

	
	9
	　
	0.94
	±
	0.30
	0.00
	1.000

	　
	12
	　
	0.95
	±
	0.34
	0.01
	1.000

	AST
	0
	　
	22.7
	±
	10.2
	
	　

	(U/L)
	3
	　
	21.3
	±
	3.7
	-1.4
	0.852

	RV 10-40
	6
	　
	21.4
	±
	4.8
	-1.3
	0.877

	
	9
	　
	20.5
	±
	4.3
	-2.2
	0.535

	　
	12
	　
	21.0
	±
	5.3
	-1.7
	0.735

	ALT
	0
	　
	18.9
	±
	5.7
	
	　

	(U/L)
	3
	　
	21.1
	±
	6.8
	2.2
	0.585

	RV 5-45
	6
	　
	20.0
	±
	6.5
	1.0
	0.946

	
	9
	　
	19.0
	±
	5.8
	0.1
	1.000

	　
	12
	　
	19.8
	±
	6.9
	0.8
	0.975

	LDH
	0
	　
	170.5
	±
	22.0
	
	　

	(U/L)
	3
	　
	167.1
	±
	20.9
	-3.4
	0.948

	RV 120-240
	6
	　
	168.5
	±
	23.4
	-2.0
	0.992

	
	9
	　
	166.5
	±
	19.3
	-4.0
	0.913

	　
	12
	　
	163.2
	±
	20.2
	-7.3
	0.571

	ALP
	0
	　
	66.8
	±
	11.4
	
	　

	(U/L)
	3
	　
	66.6
	±
	10.9
	-0.1
	1.000

	RV 38-113
	6
	　
	67.4
	±
	13.7
	0.7
	0.999

	
	9
	　
	68.7
	±
	12.6
	1.9
	0.955

	　
	12
	　
	67.7
	±
	13.0
	1.0
	0.996

	γ-GTP
	0
	　
	29.3
	±
	19.5
	
	　

	(U/L)
	3
	　
	26.4
	±
	15.0
	-2.9
	0.964

	RV less than 80
	6
	　
	29.9
	±
	23.1
	0.6
	1.000

	
	9
	　
	27.8
	±
	19.7
	-1.5
	0.997

	　
	12
	　
	30.2
	±
	22.2
	0.9
	1.000

	CK
	0
	　
	301.5
	±
	731
	
	　

	(U/L)
	3
	　
	158.4
	±
	98
	-143
	0.406

	RV 60-270
	6
	　
	171.8
	±
	165
	-130
	0.494

	
	9
	　
	150.6
	±
	74
	-151
	0.359

	　
	12
	　
	155.6
	±
	106
	-146
	0.388

	PL
	0
	　
	230.3
	±
	36.0
	
	　

	(mg/dL)
	3
	　
	225.7
	±
	26.4
	-4.7
	0.961

	RV 150-280
	6
	　
	227.7
	±
	30.3
	-2.6
	0.995

	
	9
	　
	225.9
	±
	35.4
	-4.5
	0.967

	　
	12
	　
	229.8
	±
	28.5
	-0.5
	1.000

	BUN
	0
	　
	14.8
	±
	3.3
	
	　

	(mg/dL)
	3
	　
	15.2
	±
	3.5
	0.4
	0.975

	RV 8.0-20
	6
	　
	14.3
	±
	2.7
	-0.5
	0.924

	
	9
	　
	14.7
	±
	2.6
	-0.1
	1.000

	　
	12
	　
	15.1
	±
	2.3
	0.3
	0.990

	CRE
	0
	　
	0.869
	±
	0.11
	
	　

	(mg/dL)
	3
	　
	0.868
	±
	0.10
	0.00
	1.000

	RV 0.61-1.04
	6
	　
	0.873
	±
	0.10
	0.00
	1.000

	
	9
	　
	0.866
	±
	0.12
	0.00
	1.000

	　
	12
	　
	0.855
	±
	0.11
	-0.01
	0.977

	UA
	0
	　
	6.09
	±
	1.0
	
	　

	(mg/dL)
	3
	　
	5.85
	±
	1.2
	-0.2
	0.883

	RV 3.8-7.0
	6
	　
	5.87
	±
	1.3
	-0.2
	0.911

	
	9
	　
	5.70
	±
	1.1
	-0.4
	0.599

	　
	12
	　
	5.75
	±
	1.4
	-0.3
	0.712

	eGFR
	0
	　
	78.7
	±
	13.5
	
	　

	(mL/min/1.73m2)
	3
	　
	78.4
	±
	12.1
	-0.3
	1.000

	RV ≧60
	6
	　
	78.0
	±
	12.3
	-0.7
	0.999

	　
	9
	　
	79.0
	±
	12.3
	0.3
	1.000

	　
	12
	　
	79.9
	±
	13.2
	1.2
	0.992

	GLU
	0
	　
	90.1
	±
	9.5
	
	　

	(mg/dL)
	3
	　
	92.2
	±
	9.9
	2.1
	0.832

	RV 70-109
	6
	　
	90.2
	±
	7.9
	0.1
	1.000

	
	9
	　
	89.5
	±
	7.5
	-0.6
	0.998

	　
	12
	　
	91.4
	±
	9.3
	1.3
	0.968

	TC
	0
	　
	215.8
	±
	40.1
	
	　

	(mg/dL)
	3
	　
	210.3
	±
	30.5
	-5.4
	0.940

	RV 120-219
	6
	　
	210.3
	±
	24.9
	-5.5
	0.937

	
	9
	　
	206.8
	±
	28.9
	-9.0
	0.735

	　
	12
	　
	216.6
	±
	34.2
	0.8
	1.000

	TG
	0
	　
	106.3
	±
	66.0
	
	　

	(mg/dL)
	3
	　
	89.2
	±
	46.6
	-17.0
	0.740

	RV 30-149
	6
	　
	102.0
	±
	51.6
	-4.2
	0.998

	
	9
	　
	113.8
	±
	80.6
	7.5
	0.981

	　
	12
	　
	100.8
	±
	57.3
	-5.5
	0.994

	HDL-C
	0
	　
	62.4
	±
	16.5
	
	　

	(mg/dL)
	3
	　
	64.0
	±
	12.1
	1.6
	0.988

	RV 40-85
	6
	　
	61.1
	±
	16.4
	-1.3
	0.994

	
	9
	　
	60.6
	±
	16.2
	-1.8
	0.979

	　
	12
	　
	61.0
	±
	12.1
	-1.4
	0.993

	LDL-C
	0
	　
	131.5
	±
	33.1
	
	　

	(mg/dL)
	3
	　
	127.0
	±
	31.1
	-4.6
	0.946

	RV 65-139
	6
	　
	126.6
	±
	23.7
	-5.0
	0.930

	
	9
	　
	121.8
	±
	21.2
	-9.7
	0.570

	　
	12
	　
	134.2
	±
	29.8
	2.7
	0.992

	B) Serum electrolyte measurements

	Na
	0
	　
	140.6
	±
	1.1
	
	　

	 (mEq/L)
	3
	　
	140.7
	±
	1.7
	0.1
	0.992

	RV 137-147
	6
	　
	141.0
	±
	1.3
	0.4
	0.708

	
	9
	　
	140.8
	±
	1.3
	0.2
	0.976

	　
	12
	　
	140.6
	±
	0.9
	0.0
	1.000

	K
	0
	　
	4.35
	±
	0.24
	
	　

	 (mEq/L)
	3
	　
	4.24
	±
	0.27
	-0.1
	0.321

	RV 3.5-5.0
	6
	　
	4.34
	±
	0.24
	0.0
	0.998

	
	9
	　
	4.25
	±
	0.27
	-0.1
	0.388

	　
	12
	　
	4.29
	±
	0.22
	-0.1
	0.751

	Cl
	0
	　
	102.9
	±
	2.2
	
	　

	(mEq/L)
	3
	　
	102.4
	±
	2.0
	-0.5
	0.770

	RV 98-108
	6
	　
	102.6
	±
	1.4
	-0.3
	0.974

	
	9
	　
	102.9
	±
	2.0
	0.0
	1.000

	　
	12
	　
	102.8
	±
	1.8
	0.0
	1.000

	Ca
	0
	　
	9.40
	±
	0.17
	
	　

	(mg/dL)
	3
	　
	9.40
	±
	0.27
	0.0
	1.000

	RV 8.4-10.4
	6
	　
	9.40
	±
	0.28
	0.0
	1.000

	　
	9
	　
	9.34
	±
	0.32
	-0.1
	0.786

	
	12
	　
	9.38
	±
	0.24
	0.0
	0.986

	C) Hematological tests

	RBC
	0
	　
	493.5
	±
	33.5
	　
	　

	(×104/µL)
	3
	　
	496.8
	±
	34.7
	3.3
	0.990

	RV 430-570
	6
	　
	487.2
	±
	31.0
	-6.3
	0.908

	
	9
	　
	489.9
	±
	34.0
	-3.6
	0.987

	　
	12
	　
	495.2
	±
	31.5
	1.7
	0.999

	HGB
	0
	　
	15.2
	±
	0.8
	　
	　

	(g/dL)
	3
	　
	15.3
	±
	0.9
	0.1
	0.991

	RV 13.5-17.5
	6
	　
	15.0
	±
	0.8
	-0.2
	0.817

	
	9
	　
	15.0
	±
	0.9
	-0.2
	0.765

	　
	12
	　
	15.2
	±
	0.9
	0.0
	1.000

	HCT
	0
	　
	46.0
	±
	2.7
	　
	　

	(%)
	3
	　
	46.4
	±
	2.5
	0.4
	0.965

	RVS 39.7–52.4
	6
	　
	45.4
	±
	2.7
	-0.6
	0.845

	
	9
	　
	45.6
	±
	2.8
	-0.4
	0.968

	　
	12
	　
	45.9
	±
	2.6
	-0.2
	0.999

	WBC
	0
	　
	5625
	±
	1029
	　
	　

	(/µL)
	3
	　
	5938
	±
	1681
	313
	0.819

	RV 3300-9000
	6
	　
	5700
	±
	1218
	75
	0.999

	
	9
	　
	5800
	±
	1216
	175
	0.972

	　
	12
	　
	5975
	±
	1236
	350
	0.755

	PLT
	0
	　
	30.5
	±
	6.5
	　
	　

	(×104/µL)
	3
	　
	27.9
	±
	4.8
	-2.5
	0.348

	RV 14-34
	6
	　
	29.2
	±
	5.8
	-1.3
	0.852

	
	9
	　
	29.1
	±
	6.1
	-1.3
	0.833

	　
	12
	　
	29.7
	±
	5.1
	-0.7
	0.976




Primary endpoints measured at the end of the supplementation period. Biochemical tests, serum electrolyte measurements and hematological tests are shown. Participants attended the clinic after an overnight fast at the end of each supplementation period for measurements. All values are presented as means ± SD (n = 24). Statistical significance was assessed using Dunnett’s multiple comparison test versus the placebo group. No statistically significant differences were observed versus the placebo group. 

Abbreviations: ALB, albumin; ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen; CK, creatine kinase; CRE, creatinine; Ca, calcium; Cl, chloride; eGFR, estimated glomerular filtration rate; γ-GTP, gamma glutamyl transferase; GLU, glucose; HDL-C, high-density lipoprotein cholesterol; HCT, hematocrit; HGB, hemoglobin; LDH, lactate dehydrogenase; LDL-C, low-density lipoprotein cholesterol; PL, phospholipids; PLT, platelets; K, potassium; RBC, red blood cells; RV, reference value (clinical normative values used at Miura Medical Clinic); Na, sodium; T-BIL, total bilirubin; TC, total cholesterol; TP, total protein; TG, triglycerides; UA, uric acid; WBC, white blood cells.




Supplementary Table 4.  Plasma amino acid concentrations measured at the end of the supplementation period.

	
	
	
	L-Pro group

	g/day
	
	mean
	±
	SD
	delta
	P

	A) Indispensable amino acid

	His
	0
	
	84.8
	±
	9.9
	
	　

	(μmol/L)
	3
	　
	82.4
	±
	8.9
	-2.3
	0.771

	RV 68.0-116.6
	6
	　
	83.4
	±
	8.0
	-1.4
	0.950

	　
	9
	　
	83.2
	±
	8.9
	-1.6
	0.925

	　
	12
	　
	83.4
	±
	8.7
	-1.4
	0.949

	Ile
	0
	　
	72.5
	±
	16.5
	
	　

	(μmol/L)
	3
	　
	72.7
	±
	17.4
	0.1
	1.000

	RV 44.9-120.3
	6
	　
	74.5
	±
	14.7
	2.0
	0.979

	　
	9
	　
	71.3
	±
	13.9
	-1.3
	0.996

	　
	12
	　
	71.7
	±
	17.2
	-0.9
	0.999

	Leu
	0
	　
	133.3
	±
	22.1
	
	　

	(μmol/L)
	3
	　
	133.4
	±
	25.8
	0.1
	1.000

	RV 84.4-200.2
	6
	　
	133.4
	±
	20.1
	0.1
	1.000

	　
	9
	　
	129.3
	±
	17.2
	-4.1
	0.911

	　
	12
	　
	132.9
	±
	20.5
	-0.5
	1.000

	Lys
	0
	　
	207.6
	±
	30.8
	
	　

	(μmol/L)
	3
	　
	203.6
	±
	21.6
	-4.0
	0.947

	RV 138.6-294.2
	6
	　
	196.4
	±
	23.2
	-11.2
	0.319

	　
	9
	　
	193.8
	±
	19.9
	-13.8
	0.159

	　
	12
	　
	195.9
	±
	24.5
	-11.6
	0.285

	Met
	0
	　
	25.3
	±
	3.2
	
	　

	(μmol/L)
	3
	　
	25.9
	±
	3.9
	0.6
	0.934

	RV 18.1-43.5
	6
	　
	25.6
	±
	3.2
	0.3
	0.996

	　
	9
	　
	24.9
	±
	3.1
	-0.4
	0.982

	　
	12
	　
	25.6
	±
	3.4
	0.3
	0.992

	Phe
	0
	　
	61.6
	±
	10.9
	
	　

	(μmol/L)
	3
	　
	63.1
	±
	8.4
	1.5
	0.931

	RV 49.0-90.8
	6
	　
	61.2
	±
	8.4
	-0.4
	1.000

	　
	9
	　
	61.1
	±
	7.8
	-0.5
	0.999

	　
	12
	　
	62.6
	±
	6.5
	1.0
	0.982

	Thr
	0
	　
	137.2
	±
	24.2
	
	　

	(μmol/L)
	3
	　
	136.9
	±
	33.5
	-0.4
	1.000

	RV 89.2-241.6
	6
	　
	137.1
	±
	30.2
	-0.1
	1.000

	　
	9
	　
	127.4
	±
	20.1
	-9.8
	0.518

	　
	12
	　
	125.9
	±
	23.3
	-11.3
	0.391

	Trp
	0
	　
	57.1
	±
	7.6
	
	　

	(μmol/L)
	3
	　
	60.4
	±
	10.5
	3.4
	0.457

	RV 46.7-92.0
	6
	　
	59.5
	±
	7.0
	2.5
	0.712

	　
	9
	　
	59.1
	±
	7.6
	2.0
	0.832

	　
	12
	　
	60.7
	±
	9.3
	3.6
	0.391

	Val
	0
	　
	249.2
	±
	34
	
	　

	(μmol/L)
	3
	　
	249.9
	±
	46
	0.7
	1.000

	RV 162.9-351.4
	6
	　
	245.9
	±
	38
	-3.3
	0.994

	　
	9
	　
	242.6
	±
	34
	-6.6
	0.933

	　
	12
	　
	245.4
	±
	37
	-3.8
	0.990

	B) Dispensable amino acids

	Ala
	0
	　
	394.5
	±
	67.9
	
	　

	(μmol/L)
	3
	　
	373.8
	±
	82.7
	-20.7
	0.786

	RV 253.6-601.9
	6
	　
	406.7
	±
	83.2
	12.2
	0.958

	　
	9
	　
	398.2
	±
	88.0
	3.7
	1.000

	　
	12
	　
	408.0
	±
	80.6
	13.6
	0.941

	Arg
	0
	　
	99.4
	±
	16.8
	
	　

	(μmol/L)
	3
	　
	97.5
	±
	16.1
	-1.8
	0.980

	RV 44.1-115.2
	6
	　
	99.6
	±
	11.6
	0.2
	1.000

	　
	9
	　
	97.9
	±
	13.3
	-1.5
	0.992

	　
	12
	　
	98.8
	±
	16.9
	-0.5
	1.000

	Asn
	0
	　
	48.1
	±
	7.5
	
	　

	(μmol/L)
	3
	　
	46.3
	±
	6.6
	-1.8
	0.803

	RV 37.7-78.5
	6
	　
	48.8
	±
	8.6
	0.7
	0.992

	　
	9
	　
	45.5
	±
	5.7
	-2.6
	0.542

	　
	12
	　
	47.5
	±
	6.9
	-0.6
	0.996

	Cystine
	0
	　
	42.7
	±
	6.9
	
	　

	(μmol/L)
	3
	　
	42.7
	±
	6.9
	0.0
	1.000

	RV 34.9-77.7
	6
	　
	44.8
	±
	8.6
	2.1
	0.743

	　
	9
	　
	41.8
	±
	7.0
	-0.9
	0.986

	　
	12
	　
	43.4
	±
	8.7
	0.7
	0.994

	Glu
	0
	　
	32.5
	±
	9.9
	
	　

	(μmol/L)
	3
	　
	30.4
	±
	9.9
	-2.1
	0.831

	RV 13.3-86.7
	6
	　
	31.7
	±
	7.8
	-0.8
	0.993

	　
	9
	　
	30.9
	±
	9.3
	-1.6
	0.928

	　
	12
	　
	29.9
	±
	8.3
	-2.6
	0.715

	Gln
	0
	　
	622.8
	±
	58.4
	
	　

	(μmol/L)
	3
	　
	609.7
	±
	67.9
	-13.1
	0.920

	RV 503.4-851.4
	6
	　
	630.3
	±
	75.9
	7.5
	0.989

	　
	9
	　
	612.7
	±
	72.2
	-10.2
	0.966

	　
	12
	　
	631.4
	±
	80.0
	8.6
	0.982

	Gly
	0
	　
	223.7
	±
	37.8
	
	　

	(μmol/L)
	3
	　
	218.1
	±
	32.6
	-5.6
	0.936

	RV 136.8-397.7
	6
	　
	220.1
	±
	34.5
	-3.6
	0.985

	　
	9
	　
	215.7
	±
	32.7
	-8.0
	0.808

	　
	12
	　
	209.3
	±
	21.8
	-14.4
	0.349

	Pro
	0
	　
	162.8
	±
	31.2
	
	　

	(μmol/L)
	3
	　
	183.0
	±
	58.3
	20.3
	0.828

	RV 89.8-304.7
	6
	　
	218.7
	±
	67.2
	56.0
	0.084

	　
	9
	　
	236.5
	±
	100.9
	73.7
	0.013*

	　
	12
	　
	284.3
	±
	132.9
	121.6
	<0.001**

	Ser
	0
	　
	110.2
	±
	15.4
	
	　

	(μmol/L)
	3
	　
	109.6
	±
	18.4
	-0.6
	1.000

	RV 78.4-200.1
	6
	　
	110.3
	±
	17.0
	0.1
	1.000

	　
	9
	　
	110.7
	±
	17.9
	0.5
	1.000

	　
	12
	　
	112.2
	±
	19.1
	1.9
	0.987

	Tyr
	0
	　
	65.2
	±
	11.8
	
	　

	(μmol/L)
	3
	　
	67.8
	±
	12.5
	2.6
	0.881

	RV 46.7-103.6
	6
	　
	67.4
	±
	13.6
	2.2
	0.924

	　
	9
	　
	66.8
	±
	10.1
	1.6
	0.977

	　
	12
	　
	68.0
	±
	12.8
	2.8
	0.847

	C) Non-proteinogenic amino acids

	Orn
	0
	　
	61.4
	±
	11.4
	
	　

	(μmol/L)
	3
	　
	61.3
	±
	11.3
	-0.1
	1.000

	RV 50.8-137.4
	6
	　
	64.0
	±
	6.9
	2.5
	0.807

	
	9
	　
	61.0
	±
	8.8
	-0.4
	1.000

	　
	12
	　
	62.8
	±
	12.0
	1.4
	0.973

	Cit
	0
	　
	31.4
	±
	6.9
	
	　

	(μmol/L)
	3
	　
	32.2
	±
	7.3
	0.8
	0.984

	RV 18.2-50.1
	6
	　
	33.4
	±
	7.3
	2.1
	0.680

	　
	9
	　
	31.1
	±
	5.4
	-0.3
	1.000

	　
	12
	　
	32.9
	±
	7.2
	1.5
	0.854



Participants attended the clinic after an overnight fast at the end of each supplementation period for measurement of plasma amino acid concentrations including: Indispensable amino acids (His, L-histidine; Ile, L-isoleucine; Leu, L-leucine; Lys, L-lysine; Met, L-methionine; Phe, L-phenylalanine; Thr, L-threonine; Trp, L-tryptophan and Val, L-valine), Dispensable amino acids (Ala, L-alanine; Arg, L-arginine; Asn, L-asparagine; Cystine, L-cystine; Glu, L-glutamate; Gln, L-glutamine; Gly, glycine; Pro, L-proline; Ser, L-serine and Tyr, L-tyrosine) and Non-proteinogenic amino acids (Orn, L-ornithine and Cit, L-citrulline). All values are presented as means ± SD (n = 24). Plasma L-aspartate concentrations were below 5 μmol/L. Statistical significance was assessed using Dunnett’s multiple comparison test versus the placebo group. Statistical significance was defined as *: p < 0.05 and **: p < 0.01. RV, reference values (clinical normative values used at Miura Medical Clinic)
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