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Abstract

This study was conducted to describe qualitatively the protein metabolism of pigs during growth
depending on the feed protein quality and to describe quantitatively amino acids requirements, using
a simulation model. The used model has a non-linear structure. In the used model, the protein utili-
zation system of a pig, which is in the non-steady—state, is described with 15 flux equations and 11
differential equations and is composed with two compartments. Protein deposition(g/day) of pigs on
the 30th, 60th, 90th, and 120th day of feeding duration with three—quality protein, beginning with body
weight 20kg, were calculated according to the empirical model, PAF (the product of amino acid functions)
of Menke, and was used as object function for the simulation. The mean of relative difference between
the simulated protein deposition and PAF calculated values, lied in a range of 8.8%. The simulated
protein deposition showed different behavior according to feed protein quality. In the high—quality
protein, it showed paraboloidal form with extending growth simulation up to 150th day. So the maximum
of protein deposition was acquired on the 105th day of simulated growth time and then it decreased
fast. In the low—quality protein, this form of protein depositon in the course of simulated growth did
not appear until 150th day. The simulated protein mass also showed a difference in accordance with
feed protein quality. The difference was small on the 30th day of simulated growth, but with duration
of the simulated growth it was larger. On the 150th day the simulated protein deposition of high quality
protein was 1.5 times higher as compared to the low—quality protein. The simulated protein synthesis
and break-down rates(g/day) in the whole body showed a parallel behavior in the course of growth,
according to feed protein quality. It was found that the improvement of feed protein quality increased
protein deposition in the whole body through a increase of both protein synthesis and breakdown
during growth. Also protein deposition efficiency, which was calculated from simulated protein deposition
and protein synthesis, showed a difference in dependence on the protein quality of feed protein. The
protein deposition efficiency was higher in pigs fed with high quality protein, especially at the simulation
time 30th day. But this phenomena disappeared with growth, so on the 150th day of growth, the protein
deposition of the high feed protein quality was lowest among the three different quality of feed protein.
The simulated total requirement of the 10 essential amino acids for the growth of pigs was 28.1(g/100g
protein), similar to NRC. The requirement of lysine was 4.2(g/100g protein).
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Table 1. Amino acid concentrations in feeds

2

(g/100g protein)

Diet  PAFY Lys M+C® Tmp Thr Te Val His Les P+T¥ Arg
1 0.331 22 40 11 28 52 65 2.7 8.4 96 41
2 0.576 5.0 36 12 3.7 41 5.1 2.3 7.1 75 55
3 0.676 7.7 35 14 47 58 6.5 29 10.0 94 35

DThe product of amino acid functions, 2)Methionine-f-cystine, 3)Phenylalanine-‘r-tyrosine
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Fig. 1. The structure of the simulation model.
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Table 2. Equations of the simulation model

Flux equations:
K1+K2XM
K3+K4xM
2) F(2)=F(1) X Factor ; protein synthesis

3) F(3)=MXK5; protein break-down

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

5) F(5)=M XK6; amino acid intake

6) Ox(1)=AA@{)XKO(i) ; amino acid oxidation

1) FQ)= ; maximal protein synthesis capacity

Differential equations:
7) d AAG1)/dt=F(5) Xx AAF(1)-F(4) x AAR()-Ox(i)
8) d M/dt=F(4)

Function equations:
AA®)
M
Conc(i)
KAG) +Conc(i)
11) Factor=AF(1) X AF(2) X --- X AF(10)

Symbol
(i)=No. of lysine, methionine+cystine, tryptophan, iso—
leucine, valine, leucine, phenylalanine + tyrosine, and
arginine
State variables
M=Fat-free protein mass(kg)
AA(i)=Quantity of individual free amino acid in blood
and all tissues(kg)
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()=Parameter for the amino acid affinity
KO(i)=Parameter for the amino acid oxidation
AAR()=Amino acid requirement for the protein depo-
sition(% 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
Flux
0X(i)=Oxidation flux of the individual amino acids
e) Amino acids composition of feed
AAF(i)=Percentage or amount of the individual amin
acids of feed protein(% or g/100g protein)

9) Conc(i)=

10) AFG)=

f=

a

b)

~

[

d
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Table 3. Starting values of the variables for simulation

Free amino acid ASG) kg

Lys 0.002588

M+C 0.005096

Tmp 0.000008

Thr 0.005168

Tle 0.003216

Val 0.004044

His 0.033376

@.eu 0.002192

P+T 0.006608

Arg ’ 0.000968

Sum of free amino acids 0.063264
Protein mass, M 2.8

Lie(10)¢} 7o, o|uf A1-4-5 2 E-dAxt= 2510 A
7143 FubaEg o] A% Gear(15)9] ZFA ¥4
AbAtole}. el 7122 7| EX 2] o2 YR A4k
= 37 3 A A5 Abe] oA A4 gt
Aol o] At zfo] & AF-q F o] & ¥ Al vich
o8l 4] 73 Q% -valuert AHEE S} o] 1 Q*-value?]
A4telle Al71R 2] Aole} 12090 Fat o 30 wirle]
Dl S S ALEEh, T3 12708 v LA H o] A}
£33} QP-value?] AAFE-AL Lie(10)} ¥y 5} Zct.

Simulation Zzte] xz|

Simulation 237} PAF-# oA A4td wajd %
Azt ol = A ® AXrHS el 7] $18) 2 Ao st
o} T35t Apole] AbelA =}o](relative difference, %Diff)

£ At ch AiA 2ol o] Al4ke- oh-E- A1)l w}
2.

e S°E

%Diff = Min(E, S) X100 e))]

Min(E, S)=Smaller valus between simulation(S)
and PAF-equation(E)

Simulation® A &2 g <A 3o 3

A= MS-chart program® AH&-3te] vehigich
HATZnt o IE

Qe $AAS Agate] B A7 D
A% 29 o A do] hE Abre] FFo) 4
%717 Bk B 9] sl Aol v A& G veh
W obeleats] Wawe FHstuAt shalch

Aths xtol

Simulation 2 72| eb3Al & 7V W &siA 2153
g S nde] s AR Aladed A 5%
2R 2 ZRAINE 2AFsHE Aol # AT e
Menke S(11)ell 2l 7 A3+ =il PAF-4
o ol &) AAbel AAET Ao Wil S B-E simu-
lationd] &}3A HES 13 AR 2 o] & r} Simu-
lation& E3f AHEE £ w9 halal 223 PAFA
A A4k o Y F A7) Ale)e] ZAHEE vElE
A& A(relative difference, %Diff) 5-& Table 491
vetuiglet

A A 2ol B9 AA H-&- 8.8%olch YukH R
simulationell A& FA 8 33 AA A=l &
A A 9te) DA L7} 60% HE o v]Fe] B off B A
TF9 A Aol olF 2 Flelr) oo wet &
AFellA] 0] 47 mdlle Ao| o} & Als e ey
A A "xe G A kot & 5 A

B o] o] 88 2] 2 Hl-& Waterlows] 248 7]
2% 3§ two-compartmental modele] A 7, 2ol= &
2 u A F2ER A7 Qo] "o o} & k]
A# ) FgE el diAtR o)t A BoA & out
9} zto] Lie(10)9] meloll A @A YALE FA3}e 2
E 742 dlAl pool®] 7]l vl #lsle] A A ]
s Heo) ohet, Ale] 2ol ot Al Fgel wel 1
whg-& 27} wstely, dhl Al Eekd g we} 235

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

Diff

model(E)
Simulation time 30th day 60th day 90th day 120th day
Method E S %Diff E S  %Dhiff E S %Diff E S %Diff

Diet
1 31 31 0.0 41 40 -25 51 50 -2.0 58 61 52 2.4
2 57 60 5.3 86 86 0.0 118 114 35 136 134 -15 2.6
3 70 90 28.6 111 140 261 155 187 206 175 192 9.7 21.3

Diff 11.3 95 8.7 8.8

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

Diff=Mean of relative differences
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Fig. 8. Efficiency of protein deposition during growth.
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