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A Simulation Model for the Protein Deposition of Pigs According
to Amino Acid Composition of Feed Proteins

Ok-Hie Lie' and Kang-Sung Kim

Dept. of Food Science and Nutrition, Yongin University, Yongin 449-714, Korea

Abstract

This study was conducted to develop a simulation model for the growth dynamics of pigs and to
describe quantitatively protein deposition depending on the amino acid composition of feed protein.
In the model it is assumed that the essential processes that determine the utilization of feed protein
in the whole body are protein synthesis, breakdown of protein, and oxidation of amino acid. Besides,
it is also assumed that occurrence of protein deposition depends on genetic potential and amino acid
composition of feed protein. The genetic potential for the protein deposition is the maximum capacity
of protein synthesis, being dependent on the protein mass of the whole body. To describe the effect
of amino acid composition of feed on the protein deposition, a factor, which consist of ten amino
acid functions and lie between 0 and 1, is introduced. Accordingly a model was developed, which is
described with 15 flux equations and 11 differential equations and is composed of two compartments.
The model describes non-linear structure of the protein utilization system of an organism, which
is in non—-steady ~state. The objective function for the simulation was protein deposition(g/day) cal—
culated according to the empirical model, PAF (product of amino acid functions) of Menke. The mean
of relative difference between the simulated protein deposition and PAF calculated values, lied in
a range of 11.8%. The simulated protein synthesis and breakdown rates(g/day) in the whole body
showed a parallel behavior in the course of growth.
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Table 1. Amino acid concentrations in feeds (g/100g protein)
Diet PAF" Lys M+C? Trmp Thr Ile Val His Leu P+TY Arg
1 0.331 22 4.0 1.1 2.8 52 6.5 2.7 84 96 4.1
2 0.407 52 4.8 1.0 27 33 40 2.3 6.3 9.0 11.2
3 0.495 4.0 3.3 1.0 33 37 45 24 9.0 7.7 5.1
4 0512 45 38 1.0 37 41 51 2.6 10.1 8.8 5.0
5 0518 4.0 3.6 1.2 32 36 4.9 2.5 6.6 76 5.1
6 0.540 4.6 35 1.3 34 39 52 2.4 6.9 8.0 58
7 0.547 52 3.7 1.0 4.0 3.7 5.0 25 7.5 7.7 6.3
8 0.561 53 36 13 37 4.3 5.0 2.4 7.3 3.2 6.4
9 0.566 5.2 39 13 4.0 4.1 51 2.3 105 74 54
10 0.576 5.0 36 1.2 37 4.1 5.1 2.3 7.1 75 55
11 0.581 55 3.3 13 33 33 45 25 6.9 73 6.8
12 0.619 6.3 34 1.3 38 46 54 2.6 79 8.8 6.8
13 0.633 6.9 32 1.1 39 2.8 72 43 9.7 8.9 44
14 0.638 6.2 32 1.2 45 4.4 5.0 2.6 7.3 74 51
15 0.650 6.3 32 14 36 3.4 43 2.6 6.8 89 51
16 0.670 75 29 1.0 4.1 4.3 56 29 8.4 10.0 34
17 0.676 7.7 35 14 47 58 6.5 29 10.2 94 35
18 0.741 7.0 35 1.0 4.2 3.8 49 2.3 7.0 6.7 3.4
UThe product of amino acid functions, 2)Methionine+cystine, 3)Phenylalanine+tyrosine
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Fig. 1. The structure of model.

Table 2. Model equations

Flux equations:

D F(1)= K1+K2XM ; maximal protein synthesis
K3+K4XM  capacity

2) F(2)=F(1) X Factor; protein synthesis

3) F(3)=M X K5; protein break-down

4) F(4)=F(2)-F(3); net protein synthesis

5) F(5)=MxK6; amino acid intake

6) Ox(i)=AA(i) xKO(i); amino acid oxidation

Differential equations:
7) d AAG)/dt=F(5) X AAF(i)-F(4) X AAR()-Ox(1)
8) d M/dt=F(4)

Function equations:

9 Conc(i)=A—§/I('i‘)—
o cone(i)
10) AF()= KA()+conc(i)

11) Factor=AF(1) X AF(2)}X -+ X AF(10)

Symbol

(i)=No. of lysine, methionine +cystine, tryptophan, thre-
onine, isoleucine, valine, histidine, leucine, phenylalanine
+tyrosine, and arginine

a) State variables

M=fat—free protein mass(kg)

AA()=quantity of individual free amino acid in blood

and all tissues(kg)
b) Parameter
K1-K4=parameter for the maximal protein synthesis
capacity

K5=parameter for the protein break-down

K6=parameter for the amino acids intake

KA(i)=parameter for the amino acid affinity

KO(i)=parameter for the amino acid oxidation

AAR()=amino acid requirement for the protein deposi-

tion(% or g/100g protein)
¢) Function
conc{i)=concentration of individual free amino acid in
blood and all tissues(kg/kg fat-free protein mass)

AF(i)=amino acid function

Factor=efficiency of maximal protein synthesis capacity

d) Flux

OX(i)=oxidation flux of the individual amino acids

e) Amino acids composition of feed

AAF (i)=percentage or amount of the individual amino

acids of feed protein(% or g/100g protein)
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a} g}A3-8 9%} precursor pool 241 fr2] o} ] A pool
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e 215 ols A

i) A= galA o) ok(influx, F(6)3 274 2+
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e

Table 3. Starting values of the variables of simulating

model
Free amino acid ASQ) kg
Lys 0.002588
M+C 0.005096
Trp 0.000008
Thr 0.005168
lle 0.003216
Val 0.004044
His 0.033376
Leu 0.002192
P+T 0.006608
Arg 0.000968

0.063264

Protein mass, M 2.8

Sum of free amino acids
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Table 4. Comparison of simulated protein deposition(g/day) in the whole body(S) with one calculated by PAF-

model(E)
Smgi:“’“ 30th day 60th day 90th day 120th day Ditt
Method E S %Diff E S %Diff E S %Diff E S %Diff
Diet

1 31 31 00 41 40 25 51 50 20 58 61 52 24
2 39 43 103 53 57 75 68 74 88 80 92 150 104
3 48 49 2.1 69 67 30 92 8 69 107 104 -29 37
4 50 60 200 72 8 194 97 115 186 113 138 221 200
5 51 50 -20 74 69 72 99 9 -100 115 109 55 62
6 53 56 5.7 78 78 00 106 103 -29 123 125 16 26
7 54 64 185 8 92 150 108 121 120 126 142 127 146
8 5% 63 125 8 91 96 113 121 71 131 142 69 90
9 56 68 214 84 99 179 114 132 158 133 151 135 172
10 57 60 53 8 8 00 118 114 35 136 134 -15 26
11 58 54 74 8 75 -173 119 98 -214 139 118 ~-178 160
12 63 67 63 9% 98 21 133 133 00 153 155 13 24
13 64 69 78 99 103 40 137 140 22 157 166 57 49
14 65 71 92 101 104 30 140 137 -22 160 153  -46 48
15 67 60 -117 104 8 -209 145 114 -272 165 135 -222 205
16 69 65 62 109 94 ~-160 151 126 -198 172 147 -170 148
17 70 90 286 111 140 261 155 187 206 175 192 97 213
18 79 64 -234 128 92 -391 182 121 504 199 139 -432 390
Diff 11.0 1.7 129 116 138

%Diff=Relative difference between PAF-model(E) and simulation(S)

Diff=Mean of relative differences
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Table 5. Parameter of the model

Parameter

A1 \2)
Amino acid KA®) KOG
Lys 0.76E-5 14
M+C 0.22E-5 83
Trp 0.32E-6 6.9
Thr 0.27E-5 6.2
Ile 0.54E-6 6.9
Val 0.24E-5 70
His 0.89E-6 124
Leu 0.12E-5 4.2
P+T 0.31E-5 8.2
Arg 0.81E-7 40
K1%=0.0078 K2%=0.975
K3%=3.367 K4%=0.034
K5Y=0.198 K6”=0.020
Q%~value” 2.178

PKA()=Affinity ‘parameter

?’ KO(1)=Oxidation parameter

¥K1-K4=Parameter for the maximal protein synthesis

YK5=Parameter for the protein break—-down

PK6=Parameter for the protein intake

9Q%value=Sum of squares of the relative difference be-
tween simulation and PAF-calculated protein
deposition
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