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Abstract Two nitrogen-balance experiments were con-
ducted to determine the optimum balance pattern among four
amino acids (lysine, methionine, tryptophan and threonine)
on a digestible basis in the diet of piglets (10 kg) treated with
lipopolysaccharide or saline as control. The method of amino
acid deletion was adopted. All pigs were of a single genetic
background and geographical origin. In each group, fifteen
Landrance x Rongchang castrated piglets were allotted ran-
domly to one of five groups of dietary amino acid regimens.
The positive control group was supplemented with four amino
acids. One of the four amino acids was reduced by about
25% in the respective treatment groups. After finishing the
nitrogen-balance experiments, the slaughter technique was
used to determine the ideal amino acid digestibility of the
positive control by using chromium oxide (3 g/kg) as the
indicator. The results showed that the ideal amino acid pattern
of lysine/methionine/threonine/tryptopham on the digestible
basis was 100:27:29:59 for 10 kg pigs under immune stress,
and 100:30:21:61 for piglets under normal conditions.

Keywords ideal amino acid pattern, immunologic stress,
piglets, lipopolysaccharide

1 Introduction

It is widely accepted that animals under intensive feeding
often suffer immune stress. Under this circumstance, nutri-
ents available for growth under normal conditions would be
utilized for immune system metabolism instead. In the stressed
state, the rates of basic metabolism, liver acute-phase proteins
and antibody synthesis, and gluconeogenesis from amino
acids and lymphocytes increase, but the rates of muscle
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protein retention decrease (Klasing et al., 1987; Fong et al.,
1898; Waterlow, 1991; Singh and Pachauri, 2002). There are
differences in the amino acid composition between constitu-
tive and protective proteins and liver acute-phase and skeletal
muscle proteins (Reeds et al., 1994), which means that such
metabolic changes could play an important role in the require-
ments of amino acid pattern for piglets under the control of
immunologic stress. Thus, the objective of this study was to
compare the ideal amino acid pattern between control and
immunologic stress group in piglets in order to provide a
theoretical basis for promoting growth performance.

2 Materials and methods
2.1 Diets

The composition of the digestible amino acid (DAA)-based
diets is shown in Table 1. The diets were isonitrogenous and
contained the same level of digestible energy (DE) (14.23 MJ/
kg). They were formulated according to the results of Wil-
liams et al. (1997a, b) and the feeding standards for meat-type
pig in China. In brief, the basic amino acid pattern was based
on the amino acid requirements in the Nutrient Requirements
of Swine (NRC) (1998) for 5-10 kg piglets. The ratio of
apparent DAA to lysine was close to the level of the NRC
(1998) recommendation in the positive control group diet.
One of four amino acids (lysine, methionine, tryptophan and
threonine) was reduced by about 25% in the respective
treatment groups (PC-Lys, PC-Met, PC-Try and PC-Thr).

2.2 Animals and experimental design

Thirty healthy Landrance x Rongchang castrated piglets
(9.03+0.63 kg) were used in this study. All pigs were of a
single genetic background and geographical origin and were
divided into two treatments (normal vs. stressed) according to
Wang et al. (2001). Piglets in the stress treatment were distrib-
uted randomly to one of the five groups of dietary amino acid
regimens: one for each replicate with three replicates in each



Table 1 Composition of diets (%)
Ingredient PC (Positive PC-Lys PC-Met PC-Trp PC-Thr
control)
Corn 65.18 65.40 65.25 6522 65.33
Soybean meal 10.13 10.13 10.13 10.13  10.13
Extruded soybean 4.58 4.58 4.58 458 458
Fish meal 1.50 1.50 1.50 1.50 1.50
Whey meal 8.00 8.00 8.00 8.00  8.00
Feather meal 1.57 1.57 1.57 1.57 1.57
Soy oil 243 243 243 243 243
Vitamin premix 0.05 0.05 0.05 0.05 0.05
Enzymepremix 0.05 0.05 0.05 0.05 0.05
Acidifier 0.30 0.30 0.30 030  0.30
Choline chloride 0.15 0.15 0.15 0.15 0.15
Mineral premix 0.30 0.30 0.30 0.30 0.30
Salt 0.30 0.30 0.30 030 030
NaHCO;, 0.50 0.50 0.50 0.50  0.50
CaCO;, 0.77 0.77 0.77 077 077
CaHPO, 0.995 0.995 0.995 0.995 0.995
Glu 2.00 2.00 2.00 2.00  2.00
Cys 0.07 0.07 0.07 0.07  0.07
Ile 0.111 0.111 0.111 0.111  0.111
L-Lys-HCI 0.57 0.25 0.57 0.57 025
DL-Met 0.07 0.07 0 0.07  0.07
L-Trp 0.05 0.05 0.05 0.01 0.05
Thr 0.17 0.17 0.17 0.17  0.02
L-His-HCl 0.04 0.04 0.04 0.04  0.04
Val 0.11 0.11 0.11 0.11 0.11

group. The amino acid deletion method described by Wang
and Fuller (1989, 1990) was used in this study, including the
nitrogen balance and digestion experiment. One day before
and on the second, fourth and sixth days of the experiment,
lipopolysaccharide (LPS) saline solution (200 g/kg BW) was
injected into the stress group, while sterile saline was injected
into the control group. All feces and urine were collected
during the whole period of the test. Ileal apparent amino acid
digestibility was measured by slaughtering and sampling
chyme in the distal ileum.

2.3 Management

Piglets were fed a weaning diet (supplied by Zhengda Com-
pany) after weaning. All the piglets were divided into several
groups according to body weight after the weaning period and
fed with the respective test diets for three days. All the pigs
were housed in individual metabolic cages in a room main-
tained at 20-23°C, and were allowed free access to feed and
water.

2.4 Calculations and statistical analysis

Nitrogen intake and retention, apparent nitrogen digestibility
and biovalue, and ileal apparent amino acid digestibility were
calculated. Results were presented as means + SEM. Levels
of significance were set at P <0.05. The data were subjected
to the # test (SPSS 10.0), and were multi-compared among
groups by Duncan method.
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3 Results
3.1 Amino acid digestibility

The ileal apparent digestibilities of lysine, methionine, tryp-
tophan and threonine in the diets were 73.28%, 73.83%,
74.29% and 59.51% respectively in the immunologic stress
group with chromium oxide as the indicator. The corre-
sponding values were 73.64%, 73.83%, 65.98% and 56.51%
respectively in the positive control group.

3.2 Utilization of dietary nitrogen

Nitrogen intake and retention (both expressed as per kg W),
apparent fecal nitrogen digestibility and biovalue are shown
in Table 2.

3.3 Amino acid pattern

Intakes of digestible amino acid (DAA) and nitrogen reten-
tion (NR) per kg W7 calculated according to the parameters
from Table 2 are shown in Table 3. Following the method
described by Wang and Fuller (1989, 1990), the patterns
among digestible lysine (Dlys), methionine (Dmet), trypto-
phan (Dtrp) and threonine (Dthr) were estimated and are
listed in Table 4.

4 Discussion

The balances of digestible Lys, Met, Trp and Thr under
normal conditions were 100, 30, 21 and 61 respectively in
Landrance x Rongchang castrated piglets weighing 10 kg.
However, the contents of dietary cysteine and the ileal
apparent cysteine digestibility were not measured in this
study. On the assumption of the proper ratio of dietary Met to
Cys (50:50), the balance of Dlys, Dmet, Dtrp and Dthr can be
substituted by Lys (100), Met+ Cys (60), Trp (21) and Thr
(61). The results in this study were similar to those in the
previous studies (Wang and Fuller, 1989; Chung and Baker,
1992; Zhang et al., 2000).

As shown in Table 4, the ratio of Dmet (27:30) and Dthr
(59:61) was a bit lower than that in the control group. Hou
et al. (2000) suggested that the pattern for Lys, Met and Thr
should be 100:30:52 to achieve the optimal status of the
immune system. Since the index for dietary NR was different
from the one used in the previous study, data were different in
this study. Thus, nutrient requirements estimated for high
growth performance and the nutrient utilization efficiency are
different from those needed to achieve the optimal immune
status.

As the compositions of amino acids are different between
muscle proteins and acute-phase proteins, under the control
of immunologic stress, most amino acids released from
muscle proteins are available for acute-phase protein
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Table 2 Dietary nitrogen utilization

Group N intake (g/kg"7/day) N retention (g/kg"7*/day) N digestibility (%) BV of N (%)
Challenged

PC 3 2.506+0.258" 1.3314+0.135¢ 0.71240.047° 0.746 +0.036%
PC-Lys 3 2.13340.187" 1.200 +0.080¢¢ 0.754+0.016 0.746 +0.057*
PC-Met 3 2.167+0.091% 1.233 +0.045¢ 0.797 +0.058° 0.714 40.049*
PC-Trp 3 1.773+0.147¢ 0.798 +0.131¢ 0.748 +0.048° 0.592+0.025°
PC-Thr 2 2.21740.046" 1.197 +0.165< 0.769+0.091° 0.702+0.013*
Normal

PC 3 3.309+0.281° 2.030+0.153* 0.742+0.041° 0.827+0.019*
PC-Lys 3 2.854+0.070% 1.782+0.107* 0.783+0.010° 0.796 +0.025*
PC-Met 3 2.426 +0.328% 1.289 4+ 0.050¢ 0.7274+0.022° 0.73140.081
PC-Trp 3 2.505+0.219% 1.322+0.101¢ 0.706 +0.072° 0.748 +0.049*
PC-Thr 3 2.730+0.098* 1.526 +0.258" 0.763 +0.059° 0.733 +0.052*

Note: Different capital (P <0.01) and small letters (P <0.05) within a column denote significant differences, while the same letters denote no significant

differences (P >0.05).

Table 3 Intake of DAA and NR per W per day

Group DAA intake Relative to positive control

NR Lys Met Trp Thr NR Lys Met Trp Thr
Challenged
PC 1.331 725 200 174 415 1 1 1 1 1
PC-Lys 1.200 494 172 150 356 0.902 0.681 0.859 0.859 0.859
PC-Met 1.233 642 132 154 368 0.908 0.886 0.661 0.886 0.886
PC-Trp 0.798 515 142 65 295 0.600 0.711 0.711 0.374 0.711
PC-Thr 1.197 631 174 152 289 0.899 0.871 0.871 0.871 0.696
Normal
PC 2.028 961 244 204 517 1 1 1 1 1
PC-Lys 1.782 664 213 178 449 0.879 0.691 0.870 0.870 0.870
PC-Met 1.289 704 133 149 378 0.636 0.732 0.546 0.732 0.732
PC-Trp 1.322 731 186 82 393 0.652 0.760 0.760 0.399 0.760
PC-Thr 1.526 781 198 166 335 0.753 0.812 0.812 0.812 0.649

Note: NR and DAA represent N retention (g) per kg W°7 per day and DA As intake (mg/ W®7>/day) respectively.

Table 4 Balance of Dlys, Dmet, Dtrp and Dthr

Condition Lys Met Trp Thr
Normal 100 30 21 61
Challenged 100 27 29 59

synthesis, and cannot be incorporated into muscle proteins.
Under the circumstances of infection and injury, acute-phase
protein synthesis is considered to be an important pathway for
amino acid utilization (Colley et al., 1983; Kushner et al.,
1982). Waterlow (1991) reported that during the catabolic
fastigium, the rate of acute-phase protein synthesis was
1.2 g/lkg-day™ (30% of total protein synthesis in healthy
humans) in response to infection. When cattle were under
stress conditions, plasma globulin level was 12 times higher
than that in the control group, while the content of plasma
albumin was markedly decreased (Williams et al., 1997a).
Since there are differences in amino acid composition between
muscle proteins and acute-phase proteins, the requirement
of Phe and Trp for muscle protein synthesis exceeded that for
acute-phase protein synthesis (Williams et al., 1997b) during
the stress period. As a result, these two amino acids could be
considered as the endogenous first and second limiting amino

acid. According to the calculation by Reeds (Williams et al.,
1997b), the content of Phe in 850 mg acute-phase protein
equaled that contained in 1980 mg muscle protein. If there is
no supply of extrinsic Phe, excessive amino acids are
degraded, which in turn increase nitrogen excretion, so the
ratio relative to Lys is increased. This condition is applicable
to Trp when Phe and Tyr meet the requirements of acute-
phase protein synthesis. In this study, the proportion of
Phe + Tyr relative to Lys was higher than the recommended
values in the NRC (1998). This study suggests that Trp could
possibly be the first limiting amino acid, which might be the
reason why the balance of Dtrp in the stress group is higher
than that under normal conditions.

5 Conclusion

Immunologic stress could have an effect on the patterns of
certain amino acids in piglets. The ideal amino acid pattern of
Lys:Met:Thr:Trp on a digestible basis was 100:27:29:59 for
10 kg Landrance x Rongchang castrated piglets under LPS-
induced immunologic stress, and 100:30:21:61 for piglets
under normal conditions.
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