Supplementary data for model.
Table A1. The average percentage relative abundance compositions of selected amino acids from some key human proteins for comparison of corresponding compositions from selected meat and plant dietary sources. The average composition values across the multiple protein sources have also been summarised for further use in the modelling procedures.
	Average % contents of key amino acids in human/animal proteins

	
	His
	Ser
	Gly
	Lys
	Asp 
	Glx
	Leu
	Ile
	Val
	Thr
	Met
	Tyr
	Phe
	Pro
	Ala

	Actin
	2.0%
	6.4%
	7.5%
	5.0%
	9.4%
	10.9%
	6.9%
	7.3%
	5.0%
	7.5%
	4.4%
	4.3%
	3.1%
	5.0%
	8.0%

	Myosin
	1.8%
	4.5%
	4.6%
	10.4%
	10.4%
	18.7%
	10.1%
	3.6%
	4.2%
	4.7%
	2.4%
	1.8%
	3.1%
	3.2%
	9.1%

	Haemoglobin
	8.3%
	4.1%
	4.3%
	9.3%
	9.6%
	6.6%
	13.9%
	
	10.4%
	5.1%
	1.3%
	3.1%
	7.3%
	5.0%
	9.2%

	Albumin
	3.5%
	3.4%
	1.4%
	11.8%
	9.4%
	15.0%
	10.4%
	2.4%
	5.4%
	5.2%
	0.7%
	4.9%
	5.9%
	4.4%
	4.9%

	Collagen
	0.6%
	3.9%
	35.0%
	3.5%
	4.2%
	7.1%
	2.2%
	1.3%
	1.4%
	1.3%
	0.8%
	0.3%
	0.8%
	22.9%
	9.6%

	Mean
	3.2%
	4.5%
	10.6%
	8.0%
	8.6%
	11.7%
	8.7%
	3.6%
	5.3%
	4.8%
	1.9%
	2.9%
	4.0%
	8.1%
	8.2%

	IgG heavy chain
	2.6%
	9.1%
	3.6%
	7.5%
	8.2%
	11.8%
	7.8%
	2.3%
	8.4%
	7.4%
	1.0%
	6.1%
	4.3%
	6.8%
	3.5%

	Adjusted for IgG 
	3.1%
	5.3%
	9.4%
	8.0%
	8.6%
	11.8%
	8.7%
	3.4%
	5.9%
	5.3%
	1.8%
	3.5%
	4.1%
	7.9%
	7.4%

	Average amino acid content in foods

	Meat
	His
	Ser
	Gly
	Lys
	Asp 
	Glx
	Leu
	Ile
	Val
	Thr
	Met
	Tyr
	Phe
	Pro
	Ala

	Beef
	3.8%
	3.8%
	6.4%
	8.5%
	8.8%
	13.7%
	7.1%
	4.4%
	4.8%
	3.0%
	2.7%
	4.6%
	5.1%
	3.8%
	5.4%

	Pork
	
	5.8%
	5.7%
	10.0%
	10.3%
	14.6%
	8.5%
	5.6%
	6.1%
	6.3%
	2.3%
	2.9%
	1.3%
	4.5%
	5.9%

	Chicken
	3.0%
	4.5%
	6.1%
	8.8%
	10.9%
	16.2%
	7.8%
	4.3%
	4.5%
	4.8%
	1.9%
	
	8.2%
	4.7%
	6.3%

	Fish
	1.1%
	2.3%
	2.4%
	5.3%
	4.7%
	6.9%
	4.7%
	2.9%
	3.0%
	2.4%
	
	1.7%
	2.7%
	2.0%
	3.1%

	Plant
	His
	Ser
	Gly
	Lys
	Asp 
	Glx
	Leu
	Ile
	Val
	Thr
	Met
	Tyr
	Phe
	Pro
	Ala

	Peas
	1.7%
	5.7%
	4.1%
	7.4%
	11.8%
	16.5%
	8.8%
	4.7%
	5.2%
	3.5%
	1.1%
	3.8%
	5.5%
	5.5%
	4.3%

	Rice
	2.3%
	5.3%
	4.7%
	3.1%
	9.0%
	19.1%
	9.0%
	4.0%
	5.9%
	3.2%
	2.6%
	4.7%
	5.4%
	4.9%
	6.1%

	Beans
	3.2%
	6.1%
	4.2%
	7.9%
	12.7%
	15.7%
	8.7%
	4.5%
	5.2%
	4.2%
	0.9%
	3.7%
	6.1%
	4.0%
	4.5%

	Av wheat
	2.0%
	5.4%
	6.4%
	2.0%
	4.1%
	34.9%
	
	4.3%
	5.2%
	3.0%
	1.7%
	1.9%
	4.7%
	15.4%
	4.6%

	Av comparisons
	His
	Ser
	Gly
	Lys
	Asp 
	Glx
	Leu
	Ile
	Val
	Thr
	Met
	Tyr
	Phe
	Pro
	Ala

	Meat 
	2.7%
	4.1%
	5.1%
	8.2%
	8.7%
	12.8%
	7.0%
	4.3%
	4.6%
	4.1%
	2.3%
	3.1%
	4.3%
	3.7%
	5.2%

	Plant 
	2.3%
	5.6%
	4.8%
	5.1%
	9.4%
	21.6%
	8.8%
	4.4%
	5.4%
	3.5%
	1.6%
	3.5%
	5.4%
	7.4%
	4.9%

	Av Meat + Plant
	2.5%
	4.9%
	5.0%
	6.6%
	9.0%
	17.2%
	7.9%
	4.4%
	5.0%
	3.8%
	1.9%
	3.3%
	4.9%
	5.6%
	5.0%

	Human 
	3.2%
	4.5%
	10.6%
	8.0%
	8.6%
	11.7%
	8.7%
	3.6%
	5.3%
	4.8%
	1.9%
	2.9%
	4.0%
	8.1%
	8.2%



Human/animal proteins: collagen(Chung and Miller, 1974), albumin(Spahr and Edsall, 1964), haemoglobin(Stein, 1958; Stein et al., 1957), actin(Carsten, 1963; Raszkowski et al., 1977) and myosin(Raszkowski et al., 1977), IgG heavy chain (Chaplin et al 1965)
Meat: beef(Samicho et al., 2013), pork(Okrouhlá et al., 2006), chicken(Rossi et al., 2009) and fish(Diniz et al., 2013); plant: peas(Pownall et al., 2010), rice(Carvalho et al., 2013), beans(Carvalho et al., 2013) and wheat(Chen and Bushuk, 1970).

Example calculations for histidine in Table 5:
An example of the calculations for Table 5 has been provided for histidine with reference to the data presented in Table 4. 
(A) Amino acids from protein intake = %AAFood x 84g/day
On the basis that 84g protein were ingested per day
The average composition in plant/meat generated from appraisal of food sources for histidine in Table 2 was 2.5% (actually 2.465%).
Thus A = 0.02465 x 84 = 2.071 g /day	(rounded to 2.1 g/day)
(B) Amino acids from endogenous protein turnover = %AAbody  x 399g/day
The average composition in body proteins generated from appraisal of key proteins in the body for histidine in Table 2 was 3.2% (actually 3.238%).
Thus B = 0.03238 x 399 = 12.91 g /day  	(rounded to 12.9 g/day)
(C) Usage of amino acids for protein synthesis from ingested proteins was based on a published evaluation by (Tessari, 2006) and was set at 75% of intake. Usage of amino acids from protein turnover was based on a published evaluation by (Tessari, 2006) at 2/3 and was set at  66.67 % of turnover (rounded to 67%).
The amount of histidine used in protein synthesis from ingested proteins was thus 0.75 x 2.071 = 1.55g
The amount of histidine used in protein synthesis from endogenous protein turnover was thus 0.6667 x 12.91 = 8.61g
Combined, these represent a usage of – 10.16g  	(rounded to 10.2 g/day)
(D) Usage of amino acids for oxidation from ingested proteins was based on a published evaluation by (Tessari, 2006) and was set at 15% of intake. Usage of amino acids for oxidation from protein turnover was based on a published evaluation by (Tessari, 2006) and was set at  27% of turnover.
The amount of histidine used in protein synthesis from ingested proteins was thus 0.15 x 2.071 = 0.311g
The amount of histidine used in protein synthesis from endogenous protein turnover was thus 0.27 x 12.91 = 3.486g
Combined, these represent a usage of  – 3.80g
(E) Excretion of amino acids was based on the obligatory nitrogen losses published  by (Tessari, 2006) at 350mg/Kg/day and the proportions of amino acids were used in the same proportions as contributions from ingested protein and that derived from endogenous protein turnover.
The proportion of protein excreted derived from protein ingestion was 84/483 = 0.1739.
The proportion of protein excreted derived from endogenous protein turnover was 399/483 = 0.8261.
The body mass was 70Kg, and thus the obligatory nitrogen loss was 70 x 0.35 = 24.5g protein per day.
The average histidine composition in plant/meat generated from appraisal of food sources in Table 2 was 2.5%.
Thus the proportion of histidine excreted per day from the ingested protein was 0.1739 x 0.02465 x 24.5 = 0.105g
The average composition in body proteins generated from appraisal of key proteins in the body for histidine in Table 2 was 3.2%.
Thus the proportion of histidine excreted per day from the endogenous protein turnover was 0.8261 x 0.03238 x 24.5 = 0.6554g
Combined, these represent a usage of – 0.760g (rounded to -0.8 in Table 5)
F) The nitrogen balance assuming that the amino acids are lost in the same proportions as they are taken in was calculated by 
Nitrogen balance g/Kg BW/day=Nitrogen intake g/Kg BW/day – Nitrogen losses g/Kg BW/day
This was calculated by A + B + C + D + E = 0.26g histidine /day for a 70Kg individual (rounded to 0.3g in Table 5)
(G) Excretion of amino acids in males was based on the obligatory nitrogen losses published  by (Tessari, 2006) at 350mg/Kg/day but the proportions assigned to the losses in urine and sweat were derived from average published values.  This reflected that certain amino acids were lost in urine and faeces at disproportionately faster rates than other amino acids.
(1) Calculating the percentage losses of histidine in the excretion of urine, faeces and sweat 
The % compositions of the amino acids in urine and sweat reported in the literature for males and females have been summarised in Table A3. The values for faeces were not available and the general body composition of amino acids from key body proteins was used as presented in Table A1.
The body mass was 70Kg, and thus the obligatory nitrogen loss (ONL) was 70 x 0.35 = 24.5g protein per day.
· The ONL was partitioned into 3 components  (Tessari, 2006)
· 225 mg protein/Kg/day from urine,	
· 75 mg protein/Kg/day from faeces,	
· 50 mg protein/Kg/day from sweat….	>>> generating a total of 350g protein equivalent ONL /Kg / day
· The average % histidine in male urine was 27.5% (rounded in Table A3)
· The histidine output in urine was thus 0.27458 x 225g =  61.78mg / Kg BW
· The % histidine in male faeces was 3.2% (rounded in Table A3)
· The histidine output in faeces was thus 0.03238 x 75g =  2.43mg / Kg BW
· The % histidine in male sweat was 13.6% (rounded in Table A3)
· The histidine output in faeces was thus 0.13608 x 50g =  6.80mg / Kg BW
· The final % composition of the ONL was then calculated as the sum of these contributions divided by the total ONL
· =(61.78 + 2.43 + 6.80)/350 = 71.01/350 = 0.2029 or 20.3% as shown in Table A3
· Ie  %AAMale exc = 20.3%
(2) Calculating the average histidine losses in urine, faeces and sweat to derive an adjusted nitrogen balance for males.
The proportion of histidine excreted per day from the ingested protein was thus 0.1739 x 0.2029 x 24.5 = 0.8645g
Thus the proportion of histidine excreted per day from the endogenous protein turnover was 0.8261 x 0.2029 x 24.5 = 4.1066g
Combined, these represent a usage of – 4.971g (rounded to -5.0 in Table 5)
This was used to calculate an adjusted nitrogen balance = A + B + C + D + G = -3.95 g histidine /day for a 70Kg individual (entered as 3.0g in Table 5). 
(H) Excretion of amino acids in females was based on the obligatory nitrogen losses published  by (Tessari, 2006) at 350mg/Kg/day but the proportions assigned to the losses in urine and sweat were derived from average published values.  This reflected that certain amino acids were lost in urine and faeces at disproportionately faster rates than other amino acids.
(1) Calculating the percentage losses of histidine in the excretion of urine, faeces and sweat 
The % compositions of the amino acids in urine and sweat reported in the literature for males and females have been summarised in Table A3. The values for faeces were not available and the general body composition of amino acids from key body proteins was used as presented in Table A1.
The body mass was 70Kg, and thus the obligatory nitrogen loss (ONL) was 70 x 0.35 = 24.5g protein per day.
· The ONL was partitioned into 3 components  (Tessari, 2006)
· 225 mg protein/Kg/day from urine,	
· 75 mg protein/Kg/day from faeces,	
· 50 mg protein/Kg/day from sweat….	>>> generating a total of 350g protein equivalent ONL /Kg / day
· The average % histidine in female urine was 21.0% (rounded in Table A3)
· The histidine output in urine was thus 0.21007 x 225g =  47.26mg / Kg BW
· The % histidine in female faeces was 3.2% (rounded in Table A3)
· The histidine output in faeces was thus 0.03238 x 75g =  2.43mg / Kg BW
· The % histidine in female sweat was 6.2% (rounded in Table A3)
· The histidine output in faeces was thus 0.06196 x 50g =  3.098mg / Kg BW
· The final % composition of the ONL was then calculated as the sum of these contributions divided by the total ONL
· =(47.26 + 2.43 + 3.098)/350 = 52.788/350 = 0.1508 or 15.1% as shown in Table A3
· Ie  %AAFem exc = 15.1%
(2) Calculating the average histidine losses in urine, faeces and sweat to derive an adjusted nitrogen balance for females.
The proportion of histidine excreted per day from the ingested protein was thus 0.1739 x 0.1508 x 24.5 = 0.6426g
Thus the proportion of histidine excreted per day from the endogenous protein turnover was 0.8261 x 0.1508 x 24.5 = 3.0521g
Combined, these represent a usage of – 3.695g (rounded to -3.7 in Table 5)
This was used to calculate an adjusted nitrogen balance = A + B + C + D + G = -2.674 g histidine /day for a 70Kg individual (rounded to -2.7g in Table 5).





Table A2. The obligatory losses of the amino acids in the model mg N/Kg/day (Tessari, 2006) have been converted to mg protein/Kg/day using an equivalence factor of 6.25g protein per g N. 
	
	
	mg N/Kg/day
	mg protein/Kg/day

	The obligatory nitrogen loss (ONL) can be calculated
	Urine
	36
	225

	
	Faeces
	12
	75

	
	Sweat (sebum, desquamations, nails, hairs and saliva)
	8
	50

	
	Total
	56
	350







Table A3. The % abundances of the selected amino acids in urine and sweat components have been adjusted to reflect those reported in the literature for males and females (Dunstan et al., 2017) whereas the faecal components were kept the same as the average human protein composition. These % values were then used to calculate the ONL mg/Kg/day for each of the amino acids. Note: values have been rounded for presentation purposes.
	Males  		Amino Acid % abundance in ONL

	
	His
	Ser
	Gly
	Lys
	Asp
	Glx
	Orn
	Leu
	Ile
	Val
	Thr
	Met
	Tyr
	Phe
	Pro
	Ala

	Urine*
	27.5%
	6.5%
	20.2%
	5.5%
	0.3%
	11.6%
	0.8%
	0.7%
	0.2%
	0.9%
	2.6%
	0.2%
	2.0%
	1.1%
	0.2%
	5.5%

	Faeces
	3.2%
	4.5%
	10.6%
	8.0%
	8.6%
	11.7%
	
	8.7%
	3.6%
	5.3%
	4.8%
	1.9%
	2.9%
	4.0%
	8.1%
	8.2%

	Sweat*
	13.6%
	19.7%
	13.3%
	5.6%
	4.4%
	4.8%
	8.2%
	3.2%
	1.9%
	3.4%
	3.5%
	0.1%
	1.6%
	1.8%
	1.8%
	9.6%

	                       	Amino Acid mg/Kg/day calculated from ONL = 350mg/Kg/day

	Urine*
	61.78
	14.70
	45.40
	12.37
	0.66
	26.04
	1.80
	1.52
	0.46
	2.08
	5.91
	0.51
	4.54
	2.42
	0.35
	12.33

	Faeces
	2.43
	3.34
	7.91
	6.01
	6.44
	8.74
	
	6.54
	2.74
	3.96
	3.59
	1.44
	2.16
	3.03
	6.08
	6.11

	Sweat*
	6.80
	9.85
	6.65
	2.79
	2.20
	2.41
	4.11
	1.58
	0.97
	1.71
	1.73
	0.05
	0.78
	0.92
	0.88
	4.79

	Total
	71.01
	27.89
	59.96
	21.16
	9.30
	37.19
	5.91
	9.64
	4.17
	7.75
	11.23
	1.99
	7.48
	6.38
	7.31
	23.24

	[bookmark: _GoBack]%AAMale exc
	20.3%
	8.0%
	17.1%
	6.0%
	2.7%
	10.6%
	1.7%
	6.0%
	1.2%
	2.2%
	3.2%
	3.2%
	0.6%
	2.1%
	1.8%
	2.1%





	Females  	Amino Acid % abundance in ONL

	
	His
	Ser
	Gly
	Lys
	Asp
	Glx
	Orn
	Leu
	Ile
	Val
	Thr
	Met
	Tyr
	Phe
	Pro
	Ala

	Urine
	21.0%
	7.3%
	24.2%
	4.7%
	0.4%
	10.1%
	1.4%
	0.6%
	0.2%
	0.9%
	3.0%
	0.3%
	1.5%
	0.9%
	0.2%
	5.1%

	Faeces
	3.2%
	4.5%
	10.6%
	8.0%
	8.6%
	11.7%
	
	8.7%
	3.6%
	5.3%
	4.8%
	1.9%
	2.9%
	4.0%
	8.1%
	8.2%

	Sweat
	6.2%
	25.7%
	16.2%
	1.9%
	5.5%
	5.6%
	3.1%
	2.4%
	1.8%
	3.8%
	5.1%
	0.2%
	2.3%
	1.3%
	2.6%
	13.3%

	                       	Amino Acid mg/Kg/day calculated from ONL = 350mg/Kg/day

	Urine
	47.26
	16.33
	54.42
	10.65
	0.95
	22.75
	3.14
	1.30
	0.49
	2.03
	6.64
	0.59
	3.31
	2.04
	0.48
	11.39

	Faeces
	2.43
	3.34
	7.91
	6.01
	6.44
	8.74
	
	6.54
	2.74
	3.96
	3.59
	1.44
	2.16
	3.03
	6.08
	6.11

	Sweat
	3.10
	12.83
	8.09
	0.97
	2.77
	2.78
	1.56
	1.19
	0.89
	1.88
	2.53
	0.08
	1.13
	0.66
	1.29
	6.63

	Total
	52.79
	32.50
	70.42
	17.63
	10.17
	34.28
	4.69
	9.03
	4.12
	7.87
	12.76
	2.11
	6.59
	5.73
	7.84
	24.13

	%AAFem exc
	15.1%
	9.3%
	20.1%
	5.0%
	2.9%
	9.8%
	1.3%
	1.2%
	2.2%
	3.6%
	3.6%
	0.6%
	1.9%
	1.6%
	2.2%
	6.9%





Table A4. Comparison of the nitrogen balance results from the model for a 70 Kg individual using urine excretion ratio profiles from the current study with those reported in (Jones et al., 2005).
	 Amino acid



	Male  Adjusted nitrogen balance


g
	Female Adjusted nitrogen balance


g
	Males & Females using profiles reported in  (Jones et al., 2005)
g

	His
	-3.9
	-2.7
	-1.4

	Ser
	-0.4
	-0.7
	-0.8

	Gly
	-1.1
	-1.8
	-4.4

	Orn
	-0.4
	-0.3
	-0.4

	Lys
	1.1
	1.3
	1.6

	Thr
	0.7
	0.6
	0.6

	Val
	1.0
	0.9
	0.9

	Leu
	2.0
	2.0
	2.0

	Ile
	0.7
	0.7
	0.7

	Glx
	1.8
	2.0
	1.8

	Asp
	2.4
	2.3
	2.2

	Met
	0.5
	0.5
	0.5

	Tyr
	0.5
	0.5
	0.5

	Phe
	1.0
	1.1
	1.0

	Pro
	2.1
	2.1
	1.9

	Ala
	0.9
	0.9
	0.7






