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Preliminaries

For ease in cross-referencing the equations and tables in the appendix are indicated by a prefix A.  Equations and tables without a prefix refer to the main paper.  The main accent in the Appendix is on extensions to the protein growth equations and the derivation of fat growth equations with application to intake prediction in mind.

Protein breakdown description for viscera and skin or bone


It has been mentioned in the discussion on Table 1 that it is only applicable to whole body protein and to skeletal muscle.  Tables A1 and A2 are for viscera and skin or bone, respectively.  They were constructed in a fashion precisely analogous to Table 1, but with Z=5/6 (viscera) and Z=1/2 (skin or bone). 
Table A1 
The viscera (Z=5/6) powers X+Z associated with different rate limiting steps without and with intercellular signaling (IS) for protein breakdown rate together with inflection points from equation (9)

	Line
	Rate limiting step


	X
	X+Z
	X+Z (Decimal)
	Inflection point*

	
	
	
	
	
	 Y=1/6

	
	Without IS
	
	
	
	

	1
	Specific diffusion capacity
	-2/18
	13/18
	0.722
	0.232

	2
	Specific surface area
	-1/18
	14/18
	0.778
	0.259

	3
	Constant per DNA-unit
	0
	15/18
	0.833
	0.284

	4
	Diffusion capacity
	1/18
	16/18
	0.889
	0.309

	5
	Surface area
	2/18
	17/18
	0.944
	0.332

	6
	Protein mass
	3/18
	1
	1.000
	0.354

	
	With IS
	
	
	
	

	7
	Adding 5/6 to Line 1
	13/18
	28/18
	1.556
	0.517

	8
	Adding 5/6 to Line 2
	14/18
	29/18
	1.611
	0.530

	9
	Adding 5/6 to Line 3
	15/18
	30/18
	1.667
	0.541

	10
	Adding 5/6 to Line 4
	16/18
	31/18
	1.722
	0.352

	11
	Adding 5/6 to Line 5
	17/18
	32/18
	1.778
	0.563

	12
	Adding 5/6 to Line 6
	1
	33/18
	1.833
	0.573


* The inflection point is in terms of protein maturity, 
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  X, the power representing the rate limiting step in protein breakdown associated with a single nucleus; Y, the power in the relationship between cell volume and the amount of protein in a tissue or the whole body;  Z, the power in the relationship between the number of nuclei and the amount of protein in a tissue or the whole body.

Table A2 
The skin or bone (Z=1/2) powers X+Z associated with different rate limiting steps without and with intercellular signaling (IS) for protein breakdown rate together with inflection points from equation (9)

	Line
	Rate limiting step


	X
	X+Z
	X+Z (Decimal)
	Inflection point*

	
	
	
	
	
	 Y=1/2

	
	Without IS
	
	
	
	

	1
	Specific diffusion capacity
	-2/6
	1/6
	0.167
	-

	2
	Specific surface area
	-1/6
	2/6
	0.333
	0.007

	3
	Constant per DNA-unit
	0
	3/6
	0.500
	0.071

	4
	Diffusion capacity
	1/6
	4/6
	0.667
	0.161

	5
	Surface area
	2/6
	5/6
	0.833
	0.248

	6
	Protein mass
	3/6
	1
	1.000
	0.323

	
	With IS
	
	
	
	

	7
	Adding 1/2 to Line 1
	1/6
	4/6
	0.667
	0.161

	8
	Adding 1/2 to Line 2
	2/6
	5/6
	0.833
	0.248

	9
	Adding 1/2 to Line 3
	3/6
	6/6
	1.000
	0.323

	10
	Adding 1/2 to Line 4
	4/6
	7/6
	1.167
	0.386

	11
	Adding 1/2 to Line 5
	5/6
	8/6
	1.333
	0.440

	12
	Adding 1/2 to Line 6
	1
	9/6
	1.500
	0.486


* The inflection point is in terms of protein maturity, 
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 X, the power representing the rate limiting step in protein breakdown associated with a single nucleus; Y, the power in the relationship between cell volume and the amount of protein in a tissue or the whole body;  Z, the power in the relationship between the number of nuclei and the amount of protein in a tissue or the whole body.
The derivation of a scaling rule from an explicit solution to equation (7) by equation (8)

Despite the fact that it does not fit as well as X+Z=10/9 it is worthwhile to fit Y+Z=1 also to the data of Table 5.  Proceeding as before in Table 5, it is possible to obtain
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The explicit solution to equation (A1) is equation (8) with h=2/9 and 
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A comparison between equations (A1), (A2) and (8) illustrates that if growth rate is proportional to 
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3/4, growth time to a given degree of maturity is proportional to 
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1/4.  In formal mathematical terms the matter can be formulated by denoting with concurrent subscripts two genotypes, 1 and 2.  Then 
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.  Furthermore if time (t) is measured from origins associated with equal
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.  These results are of value in the adjustment of growth curves for different limit protein masses and confirm and clarify Taylor’s (1980) wholly empirically derived genetic size scaling rules in animal growth.  The main difference between the two approaches to size scaling is that Taylor’s (1980) rules follow from a logarithmic regression analysis of time to maturity and mature mass, whereas the present approach follows from the observation that protein retention is proportional to mature protein metabolic mass as portrayed in equation (12).  
Growth of other chemical components


By assuming power relationships between body protein and other chemical components appropriate growth curves for these chemical components can be derived.  For example, from Siebrits (1984) it is possible to obtain F=0.433P1.342, F=0.354P1.516, F=0.322P1.519, and F=0.157P1.963 for total body fat (F) on ad libitum fed lean boars, obese boars, lean gilts and obese gilts respectively.  On assuming 
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 and a power of 1.5, it is possible to obtain 
[image: image13.wmf](

)

(

)

2

/

3

6

.

28

2

.

49

/

P

F

F

=

=

b

or
[image: image14.wmf](

)

3

/

2

2

.

49

/

6

.

28

/

F

P

=

, where 
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=49.2 is the limit or mature value of total body fat.  From differential calculus
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  The terms 
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can be taken as equivalent to PR and FR (fat retention).  On substituting these relationships into equation (14) I obtain
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or
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with points of inflection (von Bertalanffy, 1960) 
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  These values illustrate that the relative points of inflection for fat in terms of 
[image: image24.wmf]a

/

P

or 
[image: image25.wmf]b

/

F

 are not the same.  In general, for inflection points it is true that 
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if x>1.  The value of Q unequal to one in equation (14) is not applicable to FR as will be obvious from an inspection of the experimental results of Quiniou et al. (1996).  Furthermore, the applicability of the 
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3/4-term to equations (A4) or (A5) for FR is uncertain.
The constant c in equations (A4) and (A5) is estimated in Table A3 to obtain
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The regression between 
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variate) in Table A3 gives a nonsignificant intercept allowing regression through the origin with a regression coefficient that can be estimated by the ratio
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Table A3
The estimation of the constant c from the 
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 ratio by fitting ad libitum fat retention (FR) to protein maturity 
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 in equation (A5) for four growth periods on data published by Quiniou et al. (1996)
	Period
	Mean body mass (kg)
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(kg/kg)
	FR

(kg/d)

(y-variate)
	(Equation A5)

(P/
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)25/18- (P/
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)29/18
(x-variate)

	1
	49.8
	0.279
	0.195
	0.0419

	2
	65.1
	0.364
	0.241
	0.0494

	3
	80.0
	0.448
	0.267
	0.0536

	4
	95.0
	0.531
	0.290
	0.0545

	Average
	-
	-
	0.248
	0.0499

	
	
	

	
	intercept
	-0.0994

	
	s.e.
	0.0454

	
	slope
	6.9740

	
	s.e.
	0.9080

	
	r
	0.9835x

	
	ratio 
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	4.9800


Intake prediction  
Ad libitum intake.   Equations like (14) and (A6) together with protein and fat retention efficiencies and estimates of maintenance requirement will be useful for intake prediction of growing animals.  Roux (2009) shows that theoretical protein and fat synthesis efficiencies can be used in place of retention efficiencies for pigs if maintenance is estimated from fasting heat production.  From Roux (2009) the maintenance estimated from fasting heat production for the average Western pig on a conventional growth diet is equal to 1.071W0.60 MJ/d.  For a live body mass of 49.8 in Table A4 this gives a maintenance requirement of 11.17 MJ/d.  The values of 
[image: image40.wmf]a

/

P

 are calculated in the same way as in Table 5.  The predicted PR and FR are from 
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 and equations (14) and (A6) pertaining to ad libitum fed pigs, respectively.  The theoretical synthesis efficiency of protein is taken to be equal to 0.857 and for the average diet of Quiniou et al. (1996) the theoretical synthesis efficiency of fat was calculated as 0.791.  Hence the predicted ME intake (PMEI) of Period 1 in table A4 can be calculated as
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.  The factors 23.6 and 39.6 are the assumed energy concentrations of protein and fat respectively.  The calculation for the other periods is similar to that for Period 1.

The agreement between observed (OMEI) and predicted (PMEI) MEI in Table A4 is remarkable, with a highly significant correlation coefficient equal to 0.9990.  The intercept does not differ significantly from zero and the slope does not differ significantly from one, indicating no bias in PMEI compared to OMEI.  From the ratio 
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the relative difference between PMEI and OMEI is less than 0.01.

Restricted intake.  The discussion of Table A4 shows that the description of total body fat and protein growth, together with maintenance requirement give a description of ad libitum intake that can be used to predict intake requirements.  The main remaining question is the description of growth on restricted intake.  In outline the suggested procedure can be as follows.  Calculate Q from equation (10) or equation (12.2).  Substitute Q in equation (7) or special cases equations (12) or (14).  Make the same assumptions as in the construction of Table A4 and obtain FR and its energy requirement from the difference between MEI and maintenance together with the energy required for PR.  An example of the procedure is given in Table A5.  For Q=0.7 (from equation 12.2) predicted FR (PFR) in Period 1 is calculated from ad libitum intake (AMEI) by PFR = {0.7(AMEI) – 0.7(23.6) (PPR at Q = 1) / 0.857 - Maintenance} 0.791/39.6, where 23.6, 39.6, 0.857 and 0.791, PPR and Maintenance are as used in the construction of Table A4.

Table A4
A comparison on data for four growth periods published by Quiniou et al. (1996) between observed ad libitum ME intake (OMEI) and predicted ME intake (PMEI) estimated from predicted protein retention (PPR) and fat retention (PFR) from equations (14) and (A6) together with an estimate of maintenance requirement
	Period
	Mean body mass (kg)
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(kg/kg)
	PPR

(kg/d)
	PFR

(kg/d)
	Maintenance (MJ/d)
	PMEI (MJ/d)

(x-variate)
	OMEI (MJ/d)

(y-variate)

	1
	49.8
	0.279
	0.168
	0.209
	11.17
	26.26
	26.32

	2
	65.1
	0.364
	0.174
	0.246
	13.12
	30.23
	30.44

	3
	80.1
	0.448
	0.170
	0.267
	14.84
	32.89
	32.97

	4
	95.0
	0.531
	0.159
	0.271
	16.45
	34.40
	34.94

	Average
	-
	-
	-
	-
	-
	30.95
	31.17


	
	
	intercept
	-1.0662
	

	
	
	s.e.
	1.0148
	

	
	
	slop
slope

	1.0416
	

	
	
	s.e.
	0.0326
	

	
	
	r
	0.9990xx
	

	
	
	ratio 
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	1.0071
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The correlation coefficient between PFR and OFR at Q = 0.9 in Table A5 is even higher than at Q = 1, with both being highly significant at level 0.01.  The correlations at Q = 0.8 and 0.7 are somewhat lower, although both are of satisfactory size.  The smaller Q, the more the mean values of OFR exceed those of PRF.  The likely explanation is that maintenance at lower feeding levels is lower than at higher feeding levels presumably due to lower relative masses of metabolically active organs (Koong et al., 1982).  This conjecture is confirmed by the results in Table A6, where the maintenance calculated by subtraction of the energy values of PR and FR divided by synthesis efficiencies, are given.  The conclusion from Tables A5 and A6 is that although the differences between PFR and OFR are noticeable and explainable, they seem to be small enough to be ignored for practical purposes in the interval 0.7<Q<1.
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Table A5
Predicted fat retention (PFR) estimated from proportional ad libitum ME intake (AMEI) and predicted protein retention (PPR) together with an estimate of maintenance, compared to observed fat retention (OFR) on data published by Quiniou et al. (1996)


	
	Proportion of AMEI(Q)
	
	0.7
	
	0.8
	
	0.9
	
	1.0

	Period
	AMEI
(MJ/d)
	PPR

(kg/d)
	Mainte-nance (MJ/d)
	
	PFR

(kg/d)
	OFR

(kg/d)
	
	PFR

(kg/d)
	OFR

(kg/d)
	
	PFR

(kg/d)
	OFR

(kg/d)
	
	PFR

(kg/d)
	OFR

(kg/d)

	1
	26.32
	0.168
	11.17
	
	0.080
	0.061
	
	0.124
	0.108
	
	0.167
	0.146
	
	0.210
	0.195

	2
	30.44
	0.174
	13.12
	
	0.097
	0.100
	
	0.148
	0.160
	
	0.199
	0.199
	
	0.250
	0.241

	3
	32.97
	0.170
	14.84
	
	0.099
	0.126
	
	0.156
	0.172
	
	0.212
	0.222
	
	0.269
	0.267

	4
	34.94
	0.159
	16.45
	
	0.099
	0.130
	
	0.160
	0.197
	
	0.221
	0.238
	
	0.282
	0.290

	Average
	
	0.094
	0.104
	
	0.147
	0.159
	
	0.200
	0.201
	
	0.253
	0.248

	Correlation coefficient
	
	0.9458
	
	0.9845x
	
	0.9998xx
	
	0.9961xx

	Ratio of averages (OFR/PFR)
	
	1.1120
	
	1.0833
	
	1.0070
	
	0.9822


Table A6
Average maintenance according to energy levels (Q) obtained by subtraction of the energy values of protein retention and fat retention divided by synthesis efficiencies from ME intake in the experiment of Quiniou et al. (1996)

	Energy level

(Q)
	Average Maintenance

MJ/kgW0.6per day

	0.7
	1.035

	0.8
	1.057

	0.9
	1.085

	1.0
	1.094

	s.e.d. (9 d.f.)
	0.0048
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