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ABSTRACT

This study was designed to describc the effect of the protein quality at different intake level
of protein on the protein metabolism in the whole body of growing pigs with a simulation
model. Varying to the protein level in feeds, four simulations were conducted.

The feed protein level, represented as proportions of digestible protein to the metabolic energy
(DP/ME, g/MD), werc 6—8, 11—13, 17—19, and 23—25 DP/ME, respectively. Two protein
quality and six weeks of growth time were used at each simulation. The objective function
for the simulations was protein deposition in the whole body, which was calculated from the
experimental results. The parameters in the simulation were determined by the parameter esti-
mation technique. The results obtained from the simulations were as follows ©

The protein synthesis and breakdown rates(g/day) in the whole body was increased with
the increase of protein quality only at lower or required level of protein intake. They showed
a parallel behavior in the coure of growth, irrespective of quality and level of feed protein
intake. The simulated protein deposition and protein synthesis showed a linear relationship
between them at different protein quality and level. The affinity parameter showed that arginine,
tryptophan and isoleucine were more efficient in the stimulation of body protein synthesis.
Lysine and phenylalanine+tyrosine were less efficient The oxidation parameter showed that
histidine, phenyalanine +tyrosine, and methionine -+ cystine were oxidized in larger magnitude
than lysine and threonine. The oxidation parameter of most amino acids increased with the
increase of protein intake beyond the requirement level, but not any more at highest protein
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intake level.

Finally it was found that the improvement of feed protein quality at the lower or required

level of protein intake increase protein deposition through a parallel increase of protein synthesis

and breakdown.

KEY WORDS : model - simulation - protein quality - protein synthesis.
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Table 1. Experimental data used in the calculation of protein deposidons in the whole body

DP/ME body WwoTs DP/ME® RPg RPg/W075
(g™M]) PAF W(‘zg;“ (kg) (e/M]) (g/day) (g/kg)
6— 8 0.410 42.0 16.50 6.4 92 5.58
0.677 36.0 14.70 7.8 132 8.98
11—13 0.554 32.1 13.49 11.2 94 6.97
0.604 25.1 11.21 12.3 88 7.85
17—19 0.574 26.0 11.61 18.0 94 8.09
0.649 42.0 16.50 17.9 123 7.46
0.603 25.7 11.41 244 111 9.72
25—25
0.647 25.9 11.48 248 98 8.54
DP/ME= proportion of digestible protein to metabolic energy(g/M])
W =metabolic body weight according to KLEIBER(1965)
DP/ME*=proportion of digestible protein to metabolic energy(g/M]) (from experiment)
PAF=product of amino acid functions
RP;=retained protein(from cxperiment)
Table 2. Amino acids composition{(g/16g N) of feed used in the simulation
DF/ME PAF Lys  M+C  Trp Thr Tle . Vval His Leu P+T  Arg
6— 8 0410 7.3 1.7 1.4 5.1 5.8 5.6 2.7 8.3 9.6 7.5
0.677 6.5 4.1 1.0 3.9 34 4.8 2.0 6.5 7.5 4.7
=13 " 0.554 5.4 3.3 0.8 3.8 4.3 4.6 2.7 7.9 8.0 7.1
0.604 7.9 4.2 1.4 4.6 5.8 7.1 5.2 10.5 11.3 44
17—19 0.574 9.0 4.7 1.6 4.6 7.0 6.3 50 12.9 10.8 5.1
0.649 6.6 3.3 1.] 4.1 52 6.5 2.7 8.4 9.6 4.1
93—95 0.603 8.9 3.9 1.4 4.7 5.8 7.3 3.2 10.9 11.9 4.3
0.647 9.6 4.1 1.5 4.2 6.3 5.9 3.1 11.5 9.8 5.1

DP/ME=proportion of digestble -rotein to metabolic energy(g/M])

PAF=product of amino acid fuctions
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Table 3. Starting values of the variables of simulating

model
Free arnino acids AS(i) kg
Lys 0.003235
M+C 0.006870
Trp 0.000010
Thr 0.006460
Tle 0.004020
Val 0.005055
His 0.041720
Leu 0.002740
P+T 0.008260
Arg 0 001210
Sum of free
amino acids 0.079080
Protein mass (%) 3.5

AEe 14%F AAFIRL ol X F 25kgol) A 3.5
kg2 7HARA ‘

3.2
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Fig. 1. Smucure of the simuladng model.
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Table 4. Model equations

Flux cquations

1) F(1) = BLEKI XM imal protcin synthesis capacity-

K5+ K4 XM
2) F(2) = F(1) X Facor  ; Protein synthesis
3) F(8) =M X K5 3 Protein breakdown
4) F(4) = F(2) — F(3) ; Net protein synthesis
5) F(5) =M X Ké ; Amino acid intake

6) Ox(i) = AS() X KO(i) : Amino add oxidation
Differential equations :

7) DAS()/dL = F(5) X ASF(i) — F(4) %X ASB(i) — Ox(i)
8) dM/dt = F(4)

Functon equations :

9) Konz(i) = ;A%ll

10) AFG) = g% iK(TZK:mz 7

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

Symbol :

(1) = no. of Lys, M+C, Trp, Thr, Ile, Val, His, Leu, P+T and Arg
a) State variables

M = farfree protein mass(kg)

AS(R) = quantity of the individual {ree amino acd in blood and all dssues(kg)
b) Parameter

K1—K4 = parameter for the maximal protein synthesis capacity

K5 = parameter for the protein breakdown

K6 = parameter for the amino acids intake

KA(D = parameter for the amino acid affinity

Ko@) = parameter lor the amino acid oxidaton

ASB(i) = amino add requirement for the protein deposidon(% or g/l6g N)
¢) Function

Konz(i) = concentration of the individual free amino acid in blood and all tissucs(kg/kg fat-free protein

mass)

AF(D) = amino acid funciion

Faclor = efficiency of protein synthesis
d) Flux

Oox(1) = oxidation Aux of the individual amino acids

€) Amino adds composition of feed

ASF() = percentage or amount of the individual amino acids of feed protein (% or g/ieg N)
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Model parameters Real system

Simulation model

Observation point 1.-+.n Data set

\/

Q?value = sum of squares of relative difference

iterative process

Minimum of QXvalue

Fig. 2. Sequence of the parameter estimation.
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and comparison value(E)

Table 5. Q_z—value

6— 8§ 0.044
11—13 0.596
17—19 0.165
25—25 0.078

o 72 ot

1. Q%value % %Diff(relative difference)

Simulation®l} 4] Y- QZvaluex Table 591, simu-
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Table 6. Comparison of the simulated protein deposition{g/day) (S) with values from Experiment(E)
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Table 7. KA(i), parameter of amino acid affinity
DF/ME
Amino acid
Lys 0.81E—5]0.69E—5|0.79E—5|0.71E—5
M+C 0.21E—5|0.23E—5|0.30E—5|0.21E—5
Trp 0.31E—6(0.34E—6|0.28E—6|0.32E~6
Thr 0.22E—5|0.27E—5|0.28E—5|0.24E—5
Ne 0.51E—6|0.58E—6|0.39E—6|0.50E—6
Val 0.23E—5]0.25E~5|0.21E—5|0.28E—5
His 0.88E—6|0.90E—6|0.89E—~6 |0.85E—6
Leu 0.13E—5]0.12E—5|0.12E—5|0.10E—5

6—38 11—18 | 17—19 | 28325

P+T 0.33E—5|0.30E—5|0.28E—5|0.39E—5
Arg 0.89E—7|0.84E—7|0.89E—7 |0.55E—7
Qf—va.lue 0.044 0.596 0.165 0.078
AF(8)
1 ===
Arg
Lys

T I T

—_
0 20 40 60 80
Amino acid concentration(0.lIE—6kg AA/kg protein mass)

Fig. 3. Variation of the simulated amino alcd functon,
AF(S) with respect to amino acd concentration,

menten?] 8] Km¥ FAME gL @A) 2rIEH
KAQD) gko] olul:=atEol A H1 2 HAAE 2t
el = arginine E lysined] AFE 48 9] Fig.
go) VEMATE o) Fig 3elA EEo] KA(D) %o
WL T ot Y A ME aEHoR
gala gL &35l precusor poold] ©}H]
4k e Z7bel] whEl AF(D= plateau 52391 19
whgl A2Et KAG) gkl =% arginine, oypto-
phan 2 isoleucine: lysine, phenyalanine+ tyrosine
2 valines] ¥e] s AvHY TS £
B o

Oxidation parameter, KO(i)Z Table 84 E&X
o] thald HF 4ol wreh ofn:=4ttel] 2kzhe
ol 7t YA T A Ao 2 G E YA FF DPME
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Tahle 8. KO(j), parameter of amino acid oxidation

Table 10. Protein synthesis (g/Kg weight/day)

DP/ME
. 6—8 11—18 | 17—19 | 28—25
Amino acid
Lys 14 1.4 1.4 12
M+C 7.6 7.5 8.1 5.5
Trp 6.6 8.3 6.9 46
Thr 2.9 2.9 3.4 2.3
Ile 6.2 4.3 5.2 6.2
Val 53 5.3 5.3 5.8
His 10.1 11.2 11.1 10.9
Leu 44 4.2 4.0 4.2
P+T 7.3 7.8 7.3 8.3
Arg 4.6 45 4.0 5.4
Q}—value 0.044 0.596 0.165 0.078

11~13 2 17~19F°] A F7ishs %L 13ou
DP/ME 23~25T-o| M= 288 ZdRd. 183
KOG) — & opr i dE7te] M2 & Aolg W
elfo] AnAE VEPNE hisidined] F-¢ A
A2 JePf & lysine?] 79 B8} KOG) — gt
m2 9 histidine, phenylalanine+ tyrosine % methio-
nine+cystine$] 2t&H-& ol lysine & threonine?] 4t

ghgHr) E=3hoh

3. ololcAte] @R, EE & HTHES] of
Ol =4

AutHoz Z§ B F AGHIY o=
Ae 37 2% fA Hag opnxd e7%EY
H]<=3}o] ideal balanced amino acids composition?
208 Jepdtin gtk ofe] wel B dFdAx:
ofu At @ FFAF ] ADW A opv| it 24
& o] &5t th olu) ARC2V| wh}t AF 25kgoll A
s0kge 2 AAse B¢ vty 27 HS o
W JHSFEd A P v Bop,
E gimulaton @ ME BE oA FHEE
F gle 3ty 5UE AaHd o=t 2AHE
T3t

DPF/ME PAF Synthesis| DP/ME PAF Synthesis
0.410 239 0.574 28.0
6— 8§ 17—19
0.677 27.0 0.649  27.7
0554 27.3 0.603 31.6
11—13 25—25
0.604 281 0.647 31.2

Simulation® o}R) =4t § 73L& Table 99 B 5%
o] lysine, isolencine % phenylalanine + tyrosine 2}
A 02 olux4tiT) Esivk - AR
ol A first-limiting amino acid] lysine®] QF%FE
5.0(g/100g protein) & & olu|=4tE 7p ¥ b
™, uyptophan®] 87 % 7HF Rsivh H A€
AR QoA Bag F HF opn|=ite] ¥
28.8(g/100g protein)< EFATE

4, THMZE] StMBE(g/kg weight/day)

A7 2949 A 3 S8d T B (gkg wei-
ght/day)-& Table 1094 E5e] TG F e YHrF
2 Ao wa} 23.9914 31.6(g/kg weight/day) ol &
P} =& ol $A4 %2 DP/ME 6~8 % DP/ME
11~13914 wd FHo) FL2 AL F78IAch
gt 2 aguE JHsFdMe 9iE de
Z7tel wE o)A o] vheulA sl

5. CHHZE Z=MgE AL & A 5 iy
turnover rate(g/day)

657t AAEQ simuladon® © A X F(g
day), & @¥ldd(p 2 @R A F(g/day) 7
B =(g/day) & Fig 4, 5, 6, 7914 242 JEW
e}t o] 2FEe 41 1, 2% DP/ME 6~8%E, 3,
4% DP/ME 11~13%E, 5, 62 DP/ME 17~19%, 7,
82 DP/ME 23~25 Ho|F& zZ+zh vehfin], &
DAY FFAN £ =M= PAF—#9
2718 Egt) Fig 4 2 50 mEW 65 437
Fotel 9 £330 A AFL2 ¢4 DP/ME
6~8 L 11~137 o)A 2ojgHd Ho] w2 A+

Table 9. Amino acds tequirement, or amino acids composition of the whole-body protein

(g/100g Protein)

Lys M+C Trp Thr Ile

Val His Leu P+T Arg

5.0 2.3 0.9 2.2 2.1

1.3 4.5 4.1 2.8
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