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ABSTRACT : The main purpose of this study is to investigate the effects of dietary lysine deficiency on protein turnover of porcine 
muscles. There were 18 LYD three-breed-crossing postweanling barrows from six litters cannulated with gastric tubes through the 
esophagus at approximate 10 kg of body weight and allocated into three treatment groups. When their body weights reached over 12 kg, 
one group was sacrificed for determining the initial protein masses of m. masseter, m. longissimus dorsi, m. adductor and m. biceps 
femoris from the right body side. The others received a diet containing 100% or 61.4% (calculated values) of the lysine requirement 
(NRC, 1998) multiplied by 1.103 for a period of 17 days. Daily feed provision was computed for each pig according to body weight at 
the same day. All pigs were infused a flooding dose of [2H5]-phenylalanine to determine the fractional protein synthesis rates (FSR) of 
the aforementioned muscles in the end. Their four muscles from the right body side were also dissected for measuring the fractional 
rates of protein accretion (FAR). As for protein degradation, fractional rates (FDR) were calculated by differences between synthesis and 
accretion. Results showed that the lysine deficiency resulted in, significantly (p<0.05), lighter body weights, smaller muscles and a 
slower growth rate. The protein mass, accreted by the muscles, of the deficient group was only 54% averaged of the pigs fed adequately 
(p<0.05). The FAR of these muscles in the deficient group was significantly lower (p<0.05) and only achieved 61.1% averaged of the 
control; there was no significant difference (p>0.05), nevertheless, in the amino-acid composition of muscles between two groups. The 
lysine deficiency reduced significantly (p<0.05) the FSR of m. longissimus dorsi but did not influence its FDR. The m. biceps femoris 
also presented an inhibited FSR while its FDR reduced only exhibited a very high tendency (p = 0.055) compared to the adequately-fed 
pigs. As for the m. masseter and m. adductor, both of the FSR and FDR were depressed significantly (p<0.05) by the lysine deficiency, 
and changes in the FSR were severer than those in the FDR, so that their FAR were significantly slower (p<0.05) in comparison with the 
control group. The lysine deficiency also inhibited the RNA translation activity of the muscles while the effects on RNA capacity were 
not significant (p>0.05). In conclusion, the FAR of muscle protein was changed by the current lysine deficiency through the alterations 
in the FSR and/or FDR. (Asian-Aust. J. Anim Sci 2005. Vol 18, No. 9 :1326-1335)
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Rate, Postweanling Pig

INTRODUCTION

Lysine is the first limiting amino acid in feed based on 
corn-soybean meal for growing pigs and its deficiency will 
lead to retardation in growth and feed efficiency (Hamilton 
and Veum, 1986). The alteration in body weight, however, 
means a whole change in the deposition of water, lipid, 
protein and mineral so that Batterham et al. (1990) deemed 
that the accretion rate of protein would be a more suitable 
index than weight gain for measuring the requirement of 
essential amino acids.

Since protein accretion is a competitive result from a 
cyclical process with synthesis and degradation (Sugden 
and Fuller, 1991), protein turnover must be estimated 
overall when the effect of nutrients on protein deposition is 
investigated. Both Fuller et al. (1987) and Salter et al. 
(1990) had measured the influences of dietary lysine 
deficiency in the whole-body protein turnover of growing 
pigs and observed inhibition in protein accretion; 
nevertheless, these authors deduced different explanations 

and both of them did not investigate individual muscles or 
organs.

Feeding techniques will affect rigorously experimental 
results. In most researches, feeding ad libitum was adopted 
for measuring amino acid deficiency or requirement (NRC, 
1988). Cortamira et al. (1991), however, compared 
intubation and feeding ad libitum on very young piglets 
receiving tryptophan deficient diets and reported that the 
growth retardation of the latter resulted from both the 
limiting amino acid and decreases in feed intake. The 
anorectic response was observed not only from the pigs but 
also from rats fed lysine deficient diets (Smriga et al., 2000). 
Gietzen et al. (1998) pointed out that the anterior piriform 
cortex of brain would detect a decrease in plasma free 
limiting amino acid and then release neurotransmitters to 
regulate ventromedial hypothalamus leading to a depression 
in feeding. Pair-feeding is an alternative for similarity in 
feed intake of all animals tested; however, it is doubtful 
whether the final observation from a control group could 
represent that of animals fed adequately.

The aim of this study is to clarify the effects only from 
dietary lysine deficiency on protein turnover of m. masseter, 
m. longissimus dorsi, m. adductor and m. biceps femoris so
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Table 1. The composition of experimental diets

Ingredient Diet 1
Control Lysine deficiency

——(%)------------------
Corn, dent yellow grain 15.0 15.0
Soybean meal, 14.0 14.0
solvent extracted

Corn gluten meal 5.3 5.3
Feather meal 5.0 5.0
Blood meal, spray dried 2.0 2.0
Whey, dried 4.2 4.2
Soybean oil 6.24 6.24
Glucose 10.0 10.0
Corn starch 22.2 22.2
Glutamic acid 10.0 10.0
Mineral premix2 4.0 4.0
Vitamin premix3 1.0 1.0
Threonine 0.12 0.12
Methionine 0.09 0.09
Tryptophan 0.06 0.06
Lysine 0.53 -
Cellulose 0.26 0.79
Chemical composition

ME (Mcal/kg)4 3,600 3,600
Moisture 8.59 8.36
Crude protein 23.5 23.4
Lysine 1.23 0.83
Threonine 0.82 0.83
Valine 0.96 0.94
Cysteine4 0.42 0.42
Methionine4 0.33 0.33
Isoleucine 0.70 0.69
Leucine 1.74 1.75
Tyrosine 0.65 0.64
Phenylalanine 0.88 0.87
Histidine 0.41 0.40
Tryptophan4 0.23 0.23
Arginine 6.40 6.42

1 Multiplying the requirements (NRC, 1998) 1.103-fold.
2 Supplying (per kilogram): calcium carbonate 9.17 g, calcium phosphate 
(dibasic) 16.67 g, sodium chloride 1.33 g, potassium iodate 0.25 mg, 
sodium sulfate (decahydrate) 3.99 g, cupric sulfate (pentahydrate) 0.93 
mg, sodium selenite 0.35 mg, zinc sulfate (heptahydrate) 0.35 g.

3 Supplying (per kilogram): retinol 2,050 IU, cholecalciferol 245 IU, a- 
tocopherol 22.05 IU, menadione (50%) 0.61 mg, riboflavin 1.63 mg, 
nicotinic acid 8.48 mg, cyanocobalamin (0.1%) 0.13 mg, folic acid 
(98%) 0.09 mg, d-pantothenate-hemi-calcium 13.77 mg.

4 Calculated values.

that the intubation was chosen to avoid anorexia.

MATERIALS AND METHODS

There were 18 LYD three-breed-crossing weanling 
barrows (LandracexYorkshirexDuroc) from six litters 
purchased from a commercial farm, allocated into 3 
treatment groups with 6 replicates and cannulated at 10 kg 
of body weight. Under general halothane anaesthesia after 
an overnight fast, a silicon gastric catheter (6 mm external 

diameterx4 mm internal diameterx125 cm length, Terumo 
Corporation, Tokyo, Japan) entered directly the pharynx 
through an incision in the neck for avoiding drinking 
hindrance and was fitted into the stomach via the 
oesophagus for each pig, and its end was exteriorized on the 
back of the neck, closed by a clip and put into an elasticated 
tubular bandage jacket worn by the animal. After surgery, 
whatever feed or water the pigs were fed by the catheter to 
prevent vomit and diarrhea in the first three days. Their feed 
intake was limited by providing proper metabolic energy to 
satisfy maintenance according to the following formula: 
106 (body weight)0.75/3,600 kcal/kg (NRC, 1998) for 
oesophagus and gaster to recover smoothly from surgery. 
From the forth day, water was supplied ad libitum but feed 
intake was calculated on the basis of another formula, 0.96x 
[(251xBody weight)-(0.99xBody weight2)-133] kcal/3,600 
kcal/kg, to provide sufficient metabolic energy for growth 
(NRC, 1998). When their body weights reached over 12 kg 
the experiment started (day 1), and one group was killed for 
measuring the initial protein masses of m. masseter, m. 
longissimus dorsi, m. adductor and m. biceps femoris from 
the right body side. The others received a diet (Table 1) 
containing 100% or 61.4% (calculated values) of the lysine 
requirement (NRC, 1998) multiplied by 1.103 for a period 
of 17 days. Because feed intake relates to dietary energy 
concentration and the metabolic energy density of the diets 
was 1.103-fold in comparison with the NRC (1998) 
requirement, 3,265 kcal/kg, all nutrient contents were raised 
by multiplying by 1.103 to provide sufficient nutrients. 
Daily feed provision for every pig was also computed 
according to its body weights as the afore-mentioned 
formula for growth. On day 15 two polyethylene catheters 
(0.86 mm internal diameterx1.52 mm external diameterx45 
cm length, NT2; Portex Ltd, Hythe, Kent, UK) were 
implanted surgically 8 cm into both thoracic limb veins, 
closed by sterile needles, protected by the jacket and 
maintained patently by flushing once per day with 1 ml of 
heparinized saline (50 international units/ml) and then 
refilled with 1 ml of heparinized saline (500 international 
units/ml). At three hours after its first meal, each pig 
received L-[2H5]-phenylalanine enriched to 15 atom % as 
150 mM solution in sterile 0.077 M NaCl by the catheter 
for 30 min at a rate of 6.25 ml/min on day 18 (McNurlan et 
al., 1994). Blood samples were taken from the other 
catheter at 0, 2, 7, 10, 19 and 28 min after the start of the 
infusion for determining the enrichment (molecule 
percentage excess, MPE) of plasma L-[2H5]-phenylalanine 
(Hunter et al., 1995). At the end of the infusion, animals 
were sacrified by injecting 25 ml of sodium pentobarbitone. 
Immediately, approximate 15 g per muscle, including m. 
biceps femoris, m. adductor, m. masseter and m. 
longissimus dorsi, from the left body side was removed and 
frozen in liquid nitrogen, prior to storage at -70°C until
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Figure 1. The effect of dietary lysine deficiency on the body 
weight of postweanling pigs. 1 Each value is the mean±SE of 6 
postweanling pigs. * Significantly different from the lysine- 
deficiency group (p<0.05).

. Control
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analyzed to ensure the samples under complete freshness. 
The exact time points were recorded when every blood 
sample was withdrawn and also when the tissue samples 
were placed into liquid nitrogen. Then, the afore-mentioned 
muscles were also dissected and weighed from the right 
body side and stored at -20°C for the measurements of 
nitrogen contents and amino acid composition. The free 
lysine concentration of plasma sampled before the infusion 
was prepared and determined according to the description 
by Lee et al. (2004).

The dry matter and crude protein contents of the 
muscles and feed were analyzed according to the 
procedures of the Association of Official Analytical 
Chemists (AOAC, 1984). In addition, the muscle samples 
were hydrolyzed, similar to the method described by 
Williams (1994), in 6 N hydrochloric acid at 110°C for 18 h 
and analyzed by an amino acid analyzer (Beckman 6300) 
for their amino acid composition. The dietary lysine 
percentages were also determined to make sure that the 
diets were prepared properly.

After homogenized, the muscle samples were subjected 
to determining the concentrations of both RNA (Munro and 
Fleck, 1969) and protein (Lowry et al., 1951) and the 
enrichments of free and bound L-[2H5]-phenylalanine. The 
methodology for determining the MPE of L-[2H5]- 
phenylalanine by Gas Chromatography Mass Spectrometers 
(GC-MS) under electron impact ionization and selective ion 
recording (EI-SIR) was modified from the methods 
described by Calder & Smith (1988), Calder et al. (1992) 
and McNurlan et al. (1994). The MPE of free L-[2H5]- 
phenylalanine in both plasma and muscles were assessed by 
monitoring the pair of ions of the /-butyldimethylsily (t- 
BDMS) derivatives at 336 and 341 of mass-to-charge ratio 
(m/z),on a HP 5973 mass spectrometer (Hewlett Packard,
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Figure 2. The effect of dietary lysine deficiency on the growth 
rate of postweanling pigs. 1 Each value is the mean±SE of 6 
postweanling pigs. * Significantly different from the lysine- 
deficiency group (p<0.05).

USA) combining with a GC (HP 6890) and computed as 
described by Campbell (1974). As for the bound pool 
samples, because their MPE values are typically 1,000-fold 
lower than those of the free pool ones, the methodology of 
enzymatic decarboxylation to phenylethylamine before 
derivatization and a more precise GC (8,000 TOP, Thermo 
Quest Italia, Milan, Italy)-MS (Voyager quadrupole mass 
spectrometer, Thermo Quest Finnegan, Manchester, UK) 
were applied to determine another pair of ions of the t- 
BDMS derivatives at 180 (M+2-57) and 183 (M+5-57) of 
mass-to-charge ratio (m/z).

The formulas used for absolute or fractional rates of 
muscle protein (Garlick et al., 1973; Millward et al., 1975; 
McNurlan et al., 1979; Garlick et al., 1989), RNA 
translation activity and RNA capacity (McNurlan et al., 
1981) are expressed as following:

Absolute accretion rate (AAR, g/d)
= (protein mass in ending-initiation)/number of days 

Fractional accretion rate (FAR, %/d)
= AAR/(protein mass in ending+initiation)/2 

Fractional synthesis rate (FSR, %/d)
=(MPE of the bound poolx100)/(MPE of the plasma 
and muscle free poolxdt)

Absolute synthesis rate (ASR, g/d)
= FSRxmuscle protein mass

Fractional degradation rate (FDR, %/d)
=FSR-FAR

Absolute degradation rate (ADR, g/d) 
= ASR-ADR

RNA capacity (mg RNA/g tissue protein)
= RNA content/ protein content

RNA translation activity (g protein synthesized/d/g RNA) 
= (FSRx1,000)/RNA capacity
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Table 2. The effects of dietary lysine deficiency on the muscle weight of postweanling pigs
Initial Control Lysine deficiency

Absolute ---— ----------------- (g)1---------------------—
M. masseter 15.83±0.53c 28.57±0.39a 21.67±0.43b
M. longissimus dorsi 178.50±2.13c 377.27±1.19a 303.20±0.51b
M. adductor 39.70±0.98c 71.43±0.72a 56.53±0.88b
M. biceps jemoris 163.91±1.01c 315.80±1.27a 252.53±0.83b

Relative (to body) --------------------------------------------------------- (%)1-------------------------------------------------------------------
M. masseter 0.13±0.05a 0.12±0.02a 0.10±0.02b
M. longissimus dorsi 1.43±0.19b 1.62±0.07a 1.47±0.03b
M. adductor 0.32±0.09a 0.31±0.04a 0.27±0.06b
M. biceps jemoris 1.31±0.09a 1.35±0.08a 1.22±0.06b

1 Each value is the mean±SE of 6 postweanling pigs.
a, b, c Means within the same row without bearing the same superscripts differ significantly (p<0.05).

Table 3. The effect of dietary lysine deficiency on the muscle 
protein mass of postweanling pigs

Initial Control Lysine 
deficiency

M. masseter
—

2.62±0.22c
——(g)1 -——

3.96±0.20a
—

3.42±0.15b
M. longissimus dorsi 33.22±0.44c 60.94±0.81a 46.34±0.98b
M. adductor 7.19±0.44c 11.96±0.54a 9.82±0.41b
M. biceps jemoris 29.22±0.48c 48.69±0.84a 39.70±0.80b
1 Each value is the mean±SE of 6 postweanling pigs.
a, b, c Means within the same row without bearing the same superscripts

differ significantly (p<0.05).

All data were subjected to paired t test or analysis of 
variance by a General Linear Models (GLM) procedures 
(SAS Institute, 1990). Means would be further subjected to 
Ducan’s new multiple range test if a significant difference 
existed (Steel and Torrie, 1980) after analysis of variance. 
Probability of 5% was applied to evaluate the significant 
differences between means of treatments. Standard error 
was used instead of standard deviation to present reliability 
of mean.

RESULTS

The dietary lysine deficiency resulted in growth 
retardation (Figures 1 and 2). The initial body weights of all 
pigs were similar, around 12.5±0.03 kg, while significant 
differences existed between the adequately-fed and 
deficient groups from day 5 until the end. The final body 

weight of the pigs receiving the lysine deficient diet 
(20.6±0.16 kg) was only 88% compared to their 
counterparts (23.3±0.08 kg) and their growth rate also 
decreased by 25% (0.64±0.03 vs. 0.48±0.04 kg/d). A 
significant difference also existed in the free lysine 
concentration of plasma between the pigs fed adequately 
(11.86±0.50 卩mole/dl) and deficient in lysine (2.74±0.51 
卩 mole/dl). All of these implied that the preparation of the 
deficient diet was valid. On the other hand, the infusion 
amount of feed for the control group during the experiment 
was significantly more than that of the deficient group 
(19.1±0.14 vs. 18.0±0.18 kg) due to the differences in their 
body weights.

The results of muscle weights were showed in Table 2. 
The pigs under the deficient treatment had significantly 
lighter muscles than those fed adequately, whatever 
absolute or relative (to body) weights, and their absolute 
weight of muscles was decreased by a range from 19.6 to 
24.2%. There were no significant differences between the 
initial and control groups in the relative weight of the 
muscles apart from the m. longissimus dorsi. On the other 
hand, the pigs receiving the lysine-deficient diet presented, 
significantly, smaller relative weights in the m. masseter, m. 
adductor and m. biceps jemoris compared to the initial 
group while their relative weights of the m. longissimus 
dorsi were similar.

The dietary lysine deficiency reduced muscle protein 
mass (Table 3) and inhibited both accretion rates (absolute

Table 4. The effect of dietary lysine deficiency on the absolute accretion rate (AAR) and fractional accretion rate (FAR) of muscle 
protein of postweanling pigs

AAR FAR
Control Lysine deficiency Control Lysine deficiency

— ---(g/day)1------------------------——(%/day)1-----------------------
M. masseter 0.08±0.01 0.05±0.01* 2.42±0.19x 1.59±0.50x*
M. longissimus dorsi 1.63±0.22 0.77±0.27* 3.45±0.20y 1.90±0.38x*
M. adductor 0.28±0.01 0.15±0.01* 2.93±0.23z 1.85±0.51x*
M. bicepsjemoris 1.15±0.19 0.62±0.21* 2.92±0.14z 1.77±0.23x*
1 Each value is the mean±SE of 6 postweanling pigs.
* Significantly different from the control group (p<0.05).
x, y, z Means within a column with no common superscripts are significantly different (p<0.05).
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Figure 3. The effect of dietary lysine deficiency on the amino acid 
pattern of m. masseter. 1 Each value is the mean±SE of 6 
postweanling pigs.
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and fractional) of muscle protein (Table 4). The protein 
mass accreted, AAR and FAR of the muscles were 
decreased by 46, 45.7 and 38.9%, averaged respectively, 
due to the lysine deficiency. Significant differences existed 
in the FARs of the muscles dissected from the adequately- 
fed pigs but were not observed in the deficient group. The m. 
masseter and m. longissimus dorsi showed the smallest and 
largest FARs, respectively, and both were significantly 
different from the m. adductor and m. biceps femori whose 
FARs were similar. The amino acid composition of the 
muscles was presented in Figure 3, 4, 5 and 6 and no 
significant differences existed between these groups, no 
matter which muscle.

The change in the enrichment of plasma free 
phenylalanine over time was shown in Figure 7 and both 
groups reached their plateaus around the 7th min after the 
beginning of infusion. The flooding infusion was successful

20 1

18 -

16 -

즐 14
5

12

10 
oo

8
6

4

2

0

M. bicepsfemoris

Initial
Control
Lysine deficiency

Arg His Ile Leu Lys Phe Thr Tyr Val Ala Asp Glu Gly Pro Ser
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Figure 6. The eiiect of dietary lysine deficiency on the amino acid 
pattern of m. biceps femoris. 1 Each value is the mean±SE of 6 
postweanling pigs.

because the ratio of free phenylalanine enrichment of the 
individual muscle to the final plasma sample in both groups 
was approximate to 1.00 (Table 5) and this implies that the 
free pool of those muscle samples was still flooding when 
frozen in liquid nitrogen and at sequential -70°C. The MPE 
was significantly higher in the lysine-deficient pigs (12.72 
±0.07%) than in the adequately-fed group (11.66±0.01%) 
after the 7th min and this is attributed to more free 
phenylalanine to dilute the MPE of L-[2H5]-phenylalanine 
because of the larger body size of the control pigs.

The dietary lysine deficiency inhibited the muscle FSR 
by 31% averaged while only the m. masseter and m. 
adductor presented significant decreases in the FDR 
reduced by 30%, approximately, due to the deficient 
treatment (Table 6). Although the FDR of m. biceps femoris 
was also restrained, the difference compared to the 
adequately-fed pigs only showed a very high tendency (p =
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Time (min)

Table 5. The ratio1 of the free phenylalanine enrichment of 
individual muscles to the final plasma sample

Control Lysine deficiency
M. masseter 1.00±0.02 0.99±0.01
M. longissimus dorsi 0.99±0.01 0.99±0.01
M. adductor 0.99±0.01 1.00±0.02
M. bicepsfemoris 1.00±0.01 1.00±0.02
1 Each value is the mean土SE of 6 postweanling pigs.

longissimus dorsi and m. masseter.
The RNA capacity of the muscles was not influenced by 

the lysine deficiency; however, the RNA translation activity 
was decreased by 30% averaged (from 26.8 to 33.5%, Table 
7).

DISCUSSION

Figure 7. The curves of plasma and muscle free phenylalanine 
enrichment over time. 1 Each value is the mean±SE of 6 
postweanling pigs. * Significantly different from the control group 
(p<0.05).

0.055) of reduction. In addition, the FAR/FSR of the m. 
longissimus dorsi was significantly greater in the control 
group than in the deficient one. The pigs receiving the same 
treatment did not present significant differences in FSRs 
between the muscles; however, the m. masseter of the 
control group presented a significantly higher FDR in 
comparison with the others. The adequately-fed pigs also 
presented significant differences in the FAR/FSR of the 
muscles but this did not happen in the deficient group. Both 
the m. adductor and m. biceps femori showed the 
significantly different FAR/FSR from those of the m.

The growth retardation observed due to the lysine 
deficiency was similar to the phenomena reported in the 
studies of lysine- or other amino-acid- requirements by 
dose-response methodology for swine (Batterham et al., 
1990; Chung and Baker, 1992; Mahan et al., 1993). 
Although the tube-feeding technique changed the intake 
behavior, the growth rates of both the groups were better 
than that, 0.45 kg/d, for 10-20 kg of weight assigned by 
NRC (1988). That might result from the hybrid vigor of the 
three-breed-crossing barrows and/or the finely-ground feed 
for facilitating feeding and being digested easily due to 
decreases in size and then increases in surface area of feed 
particles.

The final body weight and growth rate did not seem to 
be as accurate indices in the current study because their 

Table 6. The effect of dietary lysine deficiency on the fractional rates of synthesis (FSR), degradation (FDR) and FAR/FSR of the 
muscles of postweanling pigs

FSR FDR FAR/FSR
Control Lysine deficiency Control Lysine deficiency Control Lysine deficiency
—-------------------- (%/day)1 —— — 一-(%)1-----------------

M. masseter 6.23±0.39x 4.21±0.23x* 3.81±0.50x 2.62±0.40x* 39.6±3.1x 37.8±5.6x
M. longissimus dorsi 5.42±0.48x 3.99±0.33x* 1.97±0.54y 2.09±0.61x 64.7±2.6y 48.8±6.2x*
M. adductor 5.54±0.27x 3.68±0.38x* 2.61±0.38y 1.83±0.61x* 53.3±3.3z 50.6±6.6x
M. bicepsfemoris 5.65±0.27x 3.91±0.31x* 2.73±0.33y 2.15±0.42x 52.0±1.9z 45.9±3.7x
1 Each value is the mean±SE of 6 postweanling pigs.
* Significantly different from the control group (p<0.05).
x, y, z Means within a column with no common superscripts are significantly different (p<0.05).

RNA capacity RNA activity
Table 7. The effect of dietary lysine deficiency on the RNA capacity and translation activity of the muscles of postweanling pigs

Control Lysine deficiency Control Lysine deficiency
(mg RNA/g tissue protein)1 (g protein synthesized/day/g RNA)1

M. masseter 9.58±0.26 9.24±0.31 6.50±0.34 4.56±0.04*
M. longissimus dorsi 7.70±0.37 7.67±0.26 7.08±0.53 5.18±0.23*
M. adductor 7.86±0.26 7.44±0.39 7.07±0.31 4.91±0.15*
M. bicepsfemoris 8.60±0.30 8.55±0.20 6.65±0.44 4.42±0.30*
1 Each value is the mean±SE of 6 postweanling pigs.
* Significantly different from the control group (p<0.05).
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extents of decrease, 12% and 25%, were less sensitive than 
that, 38.7%, of FAR averaged for the muscles when the 
dietary lysine content measured was decreased by 32.5%. 
Since body protein deposition is the single largest factor 
determining dietary amino-acid requirements (De Lange et 
al., 2001), the deficiency in dietary lysine more easily 
reflected to the FAR of the muscles. In addition, the limiting 
amino acid restricted incorporation of other amino acids 
into protein so that their fate was converted to provide extra 
energy. Because most of the variation in chemical body 
composition can be attributed to the contents of body lipid 
considering that close associations exist among body 
protein, water and ash except fat (De Lange et al., 2001), 
the disproportional decrements in the final body weight and 
growth rate to the dietary lysine deficiency probably 
resulted from an increase in body lipid content, as 
demonstrated by Hogberg and Zimmerman (1979).

Despite inhibition in the relative weights and FAR of 
the muscles due to the lysine deficiency, the amino-acid 
compositions of the four muscles were not changed. This 
implies that balance of deposited individual muscle proteins 
was still consistent although deposition was lessened. 
Changes in the amino acid compositions of muscles 
probably would happen if pigs received diets deficient in 
lysine more severely considering the fact that the reactions 
of three types of muscle protein, including myofibrillar, 
sarcoplasmic and stroma proteins, to severe alterations in 
nutritional status, such as full-fed vs. fasting, were different 
(Reeds et al., 1993) and the amino acid compositions of 
muscle proteins including myosin, actin and collagen varied 
greatly (Wei, 1999).

The FSR of muscle would be greater in young animals 
than in older ones (Barrett and Gelfand, 1989), and the data 
from the current control pigs combined with those in some 
literature also presented this decreasing trend with age. 
Cortamira et al. (1991) reported that muscle FSR of piglets 
at 4 to 6 kg of weight was 10.1 %/d averaged, and this is 
higher than 6.0 %/d (22 kg of weight, Mulvaney et al., 
1985), 5.7 %/d (23.3 kg, the current study) and 4.8 %/d (45 
kg, Mulvaney et al., 1985). In other reports, nevertheless, 
the FSR of porcine muscles was higher in older ones 
compared to the current data, for instance: 8.1 and 7.0 %/d 
for 30 and 35 kg, respectively (Simon et al., 1978; Wykes et 
al., 1996), which might be due to different breeds, possibly. 
In addition, Cortamira et al. (1991) and Ponter et al. (1994) 
observed that the FSR was greater in the muscles containing 
mainly fast-twitch glycolytic fibre, characterized by high 
myofibrillar ATPase and low citrate synthase activities 
(Laborde et al., 1985; Remignon et al., 1994), than in those 
mainly with slow-twitch oxidative fibre or mixed fibre in 
the very young piglets. This phenomenon, however, was 
opposite to the observations from older pigs (the current 
study; Mulvaney et al., 1985), broilers (Tesseraud et al., 

1996a) and rats (Lewis et al., 1984), although the FSR of 
porcine slow-twitch muscles only showed a higher tendency 
in comparison with the other types of muscles. Cortamira et 
al. (1991) attributed the discrepancy to a change in the 
development of the muscles with age. As to degradation, the 
muscles with majority in slow-twitch fibre presented 
significantly greater FDR than those with major fast-twitch 
or mixed fibre did in not only the postweanling pigs (the 
current study) but also broilers (Tesseraud et al., 1996a). In 
addition, the methodology adopted in the current study for 
FDR based on the difference between FSR (measured in 40 
min) and FAR (measured over weeks) might be somewhat 
unsatisfactory (Rathmacher, 2000) because the calculation 
rested on the assumption that FSR was constant over the 
time when FAR was determined while protein synthesis 
would vary with age and then result in underestimate in 
degradation.

Despite the similarity in the FSR, the present FAR and 
FAR/FSR data of m. longissimus dorsi is much higher than 
those (3.45 vs. 0.7 %/d; 64.7 vs. 13.5%) reported by 
Mulvaney et al. (1985). Since this muscle was considered as 
exhibiting high impetus for postnatal growth (Davis, 1974), 
its FAR and FAR/FSR should be higher to present a smaller 
FDR calculated and then low protein turnover compared to 
muscles with low or intermediate impetus. A contradictory 
observation, however, existed in the three impetus types of 
porcine muscles at 22 kg of weight (Mulvaney et al., 1985). 
Because the authors did not show any information 
concerning the growth rate or the initial and final muscle 
protein mass of their pigs, it is very difficult to give a 
reasonable interpretation. The current data of FAR/FSR and 
relative weight to whole body supported that the growth 
impetus was higher in m. longissimus dorsi, intermediate in 
m. adductor and m. biceps femori and lower in m. masseter.

Protein accretion is a consequence from the competition 
between synthesis and degradation (Lobley, 1997) so that 
any alteration in both would result in changes in the FAR. 
In the current study, the pattern of protein turnover of the 
muscles from the deficient group could be divided into two 
categories: one, including m. masseter, m. adductor and m. 
biceps femori, presented decreases in both FSR and FDR; 
another was m. longissimus dorsi whose FSR was also 
reduced but the FDR was enhanced slightly. Due to lacking 
of literature concerning the protein turnover of porcine 
muscles under dietary lysine deficiency, information from 
broilers is cited for reference. Although both m. longissimus 
dorsi of swine and m. pectoralis major of chickens 
contained mainly fast-twitch fibre, the latter exhibited 
increases in both FSR and FDR but decline in muscle 
weight and ASR under lysine deficiency (Tesseraud et al., 
1996b), i.e. the increment was larger in the FDR than in the 
FSR. This possibly could be attributed to the different 
species because the m. anterior latissimus (a typical slow- 
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twitch fibre type) and m. sartorius (a typical mixed-fibre 
type) of the chicks also showed the same phenomenon 
(Tesseraud et al., 1996a) while this differed from the 
performance of the current porcine m. masseter containing 
majority in slow-twitch oxidative fibre and the m. adductor 
and m. bicepsJemori whose fibre belong to the mixed type. 
On the other hand, the dissimilarity between these two 
researches probably resulted from different feeding 
methodology. Essential amino-acid deficiencies caused low 
feed-intake in animals fed ad libitum (Gietzen et al., 1998; 
Smriga et al., 2000) so that consequent growth retardation 
would become severe due to deficiency in all nutrients. The 
intubation, nevertheless, could avoid this disadvantage 
(Cortamira et al., 1991) to maintain normal feed intake 
according to daily metabolic body weight apart from the 
limiting amino acid. Since Tesseraud et al. (1996a, b) fed 
their birds with a lysine deficient diet ad libitum, the 
severity of growth retardation in the muscles was inevitable. 
That’s why their data of extents in decreases was more 
austere in muscle weight and protein content than in ASR 
and resulted in an increase in the FSR.

The ratio of FAR to FSR can be considered as an 
opposite index for protein turnover, i.e. less protein 
deposited from synthesis means faster protein turnover, and 
it is decided by both synthesis and degradation. The protein 
turnover of the m. longissimus dorsi, with the significantly 
higher FAR/FSR, was enhanced by the lysine deficiency 
while the effects on the other muscles were not significant. 
i.e. despite inhibition in the protein syntheses of all the 
rniiQcIpQ nnlv thp dpQrjidjitiDTi cf thp jtj IcvioiMimiz dcwi musc es, on y e egra a on o e m. ong ss mus ors 
was not reduced. In addition, although significant 
differences existed in the FAR and FDR of the muscles with 
the different fibre types of the adequately- fed pigs, the 
current lysine deficiency blurred such differences. This did 
not occur, however, in broiler data (Tesseraud et al., 1996a). 
For synthesis, because the RNA capacity of all the muscles 
was not changed by the lysine deficiency, it implied that the 
RNA content was sufficient while the translational activity 
was lessened. One possible link would be that 
corresponding amino-acyl tRNA levels to limiting amino 
acids were insufficient and then resulted in a lack of 
polysome aggregation and increases in free ribosome 
subunits, monosomes and disomes (Allen et al., 1969; 
Pronczuk et al., 1970; Ip and Harper, 1974). Furthermore, 
Shenoy and Rogers (1977) demonstrated the insufficient 
charge level would not be the only cause. The regulation to 
the formation of initiation complex by eukaryotic initiation 
factors (eIF) in the process of translation was considered as 
relating to the decrease in polysome aggregation (Flaim et 
al., 1982, Kelly and Jefferson, 1985; Preedy and Garlick, 
1986). For instance, Kimball et al. (1998) observed with 
myoblasts in vitro that deprivation of leucine or histidine 
resulted in a decrease in protein synthesis with an increase 

in eIF2 phosphorylation. In addition, translation would not 
be inhibited when eIF4E binding protein was in a 
phosphorylated state (Hara et al., 1997).

As to degradation, a possible link would be differential 
sensitivities of proteolyses to the lysine deficiency. There 
are four systems of muscle proteases including lysosomal 
hydrolases (cathepsins), Ca2+-activated proteases (calpains), 
a soluble ATP-dependent proteolytic system involving a 
cofactor ubiquitin and a nonlysosomal process independent 
of ATP (Tawa et al., 1992). Van Den Hemel-Grooten et al. 
(1995) fell to observed alterations in the activities of 
calpains and cathepsin in muscles from the barrows 
receiving a nitrogen-free diet for two weeks. Wing and 
Goldberg (1993) demonstrated that increases in the 
activities of lysosomal and nonlysosomal ATP-dependent 
proteolyses in muscles from rats starved for one day while 
the activities of Ca2+-activated proteases were without 
changes. The current lysine deficiency is different from 
those situations including the nitrogen-free one, lacking of 
all amino acids, and the starvation, devoid of all nutrients, 
so that the alterations in the activities of such four 
proteolysis systems may be inconsistent.

To sum up, the present lysine deficiency changed the 
FAR of muscle protein through the alterations in the FSR 
and/or FDR, and the further works will be to tap the effects 
of dietary lysine deficiency on the phosphorylation of the 
eIF2 and the eIF4E binding protein and on the alterations in 
the four proteolysis systems of the muscles.
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