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The present study was conducted to determine the effects of Acanthopanax senticosus (AS)
extract as a dietary additive on serum contents and apparent ileal digestibility (AID) of amino
acids (AA) in weaned piglets. In Exp. 1, 60 piglets with an average body weight (BW) of 5.64 kg
were randomly assigned into 3 treatment groups who received maize-soybean-based diets
supplementedwith 0 or 1 g/kg of AS extract or 0.2 g/kg of colistin (n=20 in each group). Blood
samples were randomly collected from 5 piglets per group on days 7, 14 and 28 after the
initiation of supplementation to determine the serum contents of free AA. In Exp. 2, 12 barrows
with an average initial BW of 7.64 kg were also randomly assigned into 3 dietary treatment
groups after being surgically fitted with a simple T-cannula at the terminal ileum. Samples of
terminal ileal digestawere collected on day 7 for analysis of the AID of AA. The data showed that
the serum contents and AID of most AA in the AS extract-supplemented group gradually
increased by 15.3–80.8% and 4.1–30.8%, respectively, as the experiment proceeded in
comparison with the colistin-supplemented group and/or control group. In conclusion, these
findings indicated that AS extract could enhance the digestion and absorption of AA, whichmay
be a potential mechanism of growth promotion.

© 2008 Published by Elsevier B.V.
Keywords:
Acanthopanax senticosus extract
Weaned piglets
Amino acids
Apparent ileal digestibility
1. Introduction

Natural weaning of piglets is a gradual process that lasts
over several weeks or months. However, in modern intensive
pork-production systems, piglets are weaned early, between
15 and 28 days of age, to maximize whole-herd production
(Smith et al., 2008). Due to the abrupt changes in feed
composition and feeding conditions, early weaning strategy
interrupts the supply of important immunological factors
(e.g., glutamine and arginine) in sow milk (Wu et al., 2004),
reduces feed intake and efficiency (Wu et al., 1996), impairs
the production of antibodies, and compromises cellular
Elsevier B.V.
immune functions (Touchette et al., 2002). Thus, early
weaning strategy increases the susceptibility of piglets to
gram-negative bacterial infection (e.g., E. coli infection) and
the incidence of disease (e.g., diarrhea). Antibiotics have
traditionally been used as the main method for preventing
and treating diseases induced by weaning stress. However,
this therapy has side effects, including a reduced therapeutic
efficacy of antibiotics in treating a variety of bacterial
infections in humans (Smith, 1999), which has led several
countries to ban the use of dietary antibiotics in livestock
production (WHO, 2002). Recently, researchers have been
trying to find alternatives to antibiotics in livestock produc-
tion. As potential antimicrobial alternatives, traditional
Chinese herbal medicines or their extracts may suppress the
growth of bacteria in early-weaned piglets (Tang et al., 2005;
Deng et al., 2007; Kong et al., 2007a,b).

mailto:yyulong@hotmail.com
http://dx.doi.org/10.1016/j.livsci.2008.11.015
http://www.sciencedirect.com/science/journal/18711413
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Acanthopanax senticosus (AS), a tonic and sedative Chinese
herb, is well known to be highly effective in treating various
conditions, including stress-induced pathophysiologic
changes (Fujikawa et al., 1996) and inflammation (Jung
et al., 2003). AS contains acanthosides, triterpenic saponin,
polysaccharide, flavone, senticoside, organic acids, amino
acids, vitamins and minerals (Yang et al., 2004). Saponin may
be responsible for the biological activities of AS (Han et al.,
2003). Some evidence suggests that diterpenoids and
phenolic substances are also biologically active compounds
in Acanthopanax species (Nishibe et al., 1990). Our previous
study indicated that AS extract modified the cellular and
humoral immune responses of weaned piglets by modulating
the production of immunocytes, cytokines and antibodies
(Kong et al., 2007a). Based on these results, we hypothesized
that dietary supplementation with AS extract enhanced the
digestibility of AA inweaned piglets. In the present study, this
hypothesis was tested by determining the serum contents and
apparent ileal digestibility (AID) of AA in weaned piglets on
days 7, 14 and 28 after the initiation of treatment.

2. Materials and methods

2.1. Preparation of AS extract

Extract of AS was prepared by decocting the dried herb in
boiling distilled water (200 g/L) for 2 h. The AS decoctionwas
filtered, lyophilized and kept at 4 °C. The yield of extraction
was about 25% (w/w). The water-extract powder was
dissolved in sterile saline (1 g/ml). The contents of total
polysaccharides, flavone and organic acids in the AS extract
Table 1
Dietary formulation and main nutrient levels in Experiment 1 and 2.

Ingredients (g/kg) Dietary supplementation

AS⁎ extracts Colistin Control

Corn (CP 82.4) 665.5 665.5 665.5
Soybean meal (CP 447.2) 240.0 240.0 240.0
Fish meal (CP 650.5 ) 60.0 60.0 60.0
Acidifier 10.0 10.0 10.0
Corn starch 1.00 1.80 2.00
Ca(H2PO4)2 6.00 6.00 6.00
CaCO3 7.40 7.40 7.40
Vitamin premixa 0.40 0.40 0.40
Choline chloride (500) 0.80 0.80 0.80
Trace element premixb 1.50 1.50 1.50
Salt 2.50 2.50 2.50
Flavor 0.50 0.50 0.50
Lysine·HCl 0.25 0.25 0.25
Methionine 0.60 0.60 0.60
Threonine 0.30 0.30 0.30
AS⁎ extracts 1.00 0 0
Colistin 0 0.20 0

Main nutrient levels⁎⁎
Metabolic energy (MJ/kg) 13.9 13.9 13.8
Crude protein 199 196 202
Calcium 8.7 7.2 8.7
Phosphorus 5.1 5.4 5.3

aVitamin premix containing (per kg): 20 000 IU vitamin A, 400 000 IU vitamin
D3, 3000 mg vitamin E, 300 mg vitamin K, 700 mg vitamin B2, 200 mg vitamin
B6, 3 mg vitamin B12, 8 mg biotin, 800 mg folic acid, 2 400 mg nicotinic acid.
bTrace element premix containing (per kg): 165 mg Zn (ZnSO4), 165 mg Fe
(FeSO4), 33 mgMn (MnSO4), 16.5 mg Cu (CuSO4), 297 μg I (CaI2) and 297μg Se
(Na2SeO3). ⁎AS means Acanthopanax senticosus. ⁎⁎ analyzed values.
were 2.94%, 0.19% and 1.04%, as determined by vitriol-
anthracene ketone, rutin (Kong et al., 2004) and alkalimetric
titration (Cai et al., 2000) methods, respectively. Concentra-
tions (g/kg) of AA in the extract as analyzed by high-pressure
liquid chromatography (HPLC, Hitachi L-8800 Auto-Analyzer,
Tokyo, Japan) (Huang et al., 2005)were: Phe 4.11; Leu 2.32; Ile
0.67; Val 0.77; Ala 2.14; Gly 1.87; Asp 2.86; Glu 4.71; Cys 2.45;
His 0.41; Lys 0.95; Arg 3.78; Thr 1.30; Ser 2.47 and Met 0.28.

2.2. Animal housing and treatment

This study was carried out in accordance with the Chinese
guidelines for animal welfare and experimental protocol
approved by the Animal Care Committee, Institute of
Subtropical Agriculture, Chinese Academy of Sciences, Chang-
sha, China (Yin et al., 2008a,b).

2.2.1. Experiment 1
Sixty 21-day-old Duroc×(Landrace×Yorkshire) pigletswith

an average body weight (BW) of 5.64±0.84 kg were weaned
and then randomly assigned to one of 3 treatment groups on
the basis of BWand sex. The animals in the 3 groups received a
maize-soybean-based diet formulated based on National
research Council (NRC, 1998) requirements that was supple-
mented with 0 or 1 g/kg of AS extract or 0.2 g/kg of colistin
(Table 1). Chemical analysis of the experimental diets was
conducted as described by Kong et al. (2007a). There were 20
piglets (10 barrows and 10 gilts) per treatment group, with one
pig per pen. Colistin (an antibiotic) was used as a positive
control. The piglets were housed individually in a nursery
facility with hard plastic and slatted flooring, and had free
access to food and drinkingwater. The temperature and relative
humidity were maintained at 28±2 °C and 65–75%, respec-
tively, in an air-controlled nursery room (Kong et al., 2007b).
The experimental period was 28 days.

2.2.2. Experiment 2
Twelve 28-day-old Duroc×(Landrace×Yorkshire) barrows

with an average BW of 7.64±0.71 kg were surgically fitted
with a simple T-cannula at the terminal ileum according to
the procedures described by Yin et al. (2000a). The pre- and
post-operative care was previously described in detail by Yin
et al. (1991). The cannulas were prepared from Tygon tubing
(Norton Performance Plastics, Wayne, NJ). The piglets were
returned to the metabolic crates immediately after surgery.
Additionally, the size of themetabolic crates could be changed
by moving a lateral wall when necessary. During the 7-d
recovery period, the piglets received basal diet ad libitum.
Water was also freely available. The temperature and relative
humidity were the same as in Experiment 1. The piglets were
fed (once per 8-hour) the diets described in Experiment 1
after recovery. All of the diets contained 0.1% titanium oxide
as a digestibility marker. During the experimental period
(7 days), the skin around the cannula was cleaned several
times daily with lukewarm water and dried, and a skin-
protecting paste was applied (Stomahesive Paste, Convatec,
Princeton, NJ, USA). Additionally, foam was placed between
the retaining ring and the skin to absorb leaking digesta to
prevent inflammation or ulcer (Fan et al., 2005). Feed intake
was recorded daily after the amount of feed fell on the floor
was subtracted.



Table 3
Serum contents of amino acids in weaned piglets on day 7 after the
supplementation in Experiment 1 (μg/ml; n=5).

Item Dietary supplementation

AS⁎ extracts Colistin Control

Alanine 95±14.8 98±13.5 99±11.5
Arginine 58±3.3a 47±4.5ab 40±3.8b

Asparagine1 12.6±1.65a 9.7±1.59b 6.9±1.98c

Cysteine 5.4±0.41a 3.5±0.37b 4.9±0.17a

Glutamine2 135±11.3a 136±11.0a 117±14.0b

Glycine 67±3.7c 102±15.0b 129±17.0a

Histidine 18.6±7.59 15.9±2.83 20.6±3.92
Isoleucine 23.7±2.54 23.8±1.58 19.8±2.48
Leucine 42.2±4.27 39.8±0.84 37.5±5.46
Lysine 69±7.8a 54±6.1b 79±8.3a

Methionine 15.4±3.20a 13.0±1.80ab 11.6±1.00b

Phenylalanine 27.0±1.08 24.3±1.28 24.7±1.78
Serine 24.2±3.59 25.4±4.05 26.9±3.13
Threonine 48±5.4 50±18.8 55±6.7
Tyrosine 36.5±3.02a 22.1±4.50c 28.4±2.89b

Valine 44±9.1a 32±5.5b 35±2.8ab

Note: Data were expressed as mean±SEM. Row data with different
superscripts differ significantly (Pb0.05); ⁎AS means Acanthopanax
senticosus. 1Including aspartate plus asparagine. 2Including glutamate plus
glutamine.
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2.3. Blood sampling and analysis

On days 7, 14 and 28 after the initiation of dietary herbal
supplementation, jugular venous blood samples (5 ml per
piglet) were collected randomly from 5 piglets per treatment
group in Experiment 1 by venipuncture into uncoated plastic
tubes between 8:00 and 10:00 a.m. Plasma were obtained by
centrifugation at 3000 rpm and 4 °C for 10 min and stored at
−20 °C until AA analysis. One milliliter of serum sample and
2.5 ml of 7.5% trichloracetic acid solution were mixed
completely and centrifuged at 15,000 rpm and 4 °C for
15 min to deproteinize the sample, the supernatant was
collected and AA were determined by HPLC according to the
method described by Huang et al. (2005).

2.4. Ileal digesta sampling and analysis

In Experiment 2, ileal digesta were collected in plastic bags
tied to the barrel of the cannula. The bags were removed and
replaced as soon as they were filled with digesta. Ileal digesta
were collected from 08:00 on day 7 (day 42 of age) after
initiation of the experiment to 08:00 on the following day.
Ileal digesta were stored immediately after collection at 4 °C.
At the end of the experiment, ileal digesta from the same pig
were pooled and homogenized. A subsample of each homo-
genate was freeze-dried and ground through a 1-mm mesh
screen for the analysis of amino acids.

AA compositions of ileal digesta samples were determined
by HPLC after hydrolysis in 6 N HCl in sealed vacuum tubes at
110 °C for 24 h according to the method described by Huang
et al. (2005). Titanium oxide contents in the feed and digesta
were determined according to the method described by Yin
et al. (2000b). AID of AA was calculated as

AID = AAf − AAdð Þ × TiO2f = TiO2dð Þ= AAf

where AAf is the AA content in the diet (Table 2), AAd is the AA
content in digesta, TiO2f is the analyzed titanium oxide
Table 2
Analyzed amino acid composition in the experimental diets in Experiment 1
and 2 (g/kg).

Item Dietary supplementation

AS extracts Colistin Control

Alanine 10.8 11.6 10.7
Arginine 10.0 10.7 10.0
Asparagine1 18.6 20.1 18.2
Cysteine 2.5 2.3 2.6
Glutamine2 35.5 38.2 34.9
Glycine 8.9 9.4 8.5
Histidine 4.8 5.3 4.9
Isoleucine 7.2 7.9 7.0
Leucine 16.8 18.1 16.4
Lysine 11.6 14.1 11.8
Methionine 0.50 0.30 0.70
Phenylalanine 11.2 11.8 10.9
Proline 11.3 13.2 12.9
Serine 9.5 10.0 9.2
Threonine 7.6 8.2 7.5
Tyrosine 2.0 2.0 2.0
Valine 8.4 9.1 8.2

⁎AS means Acanthopanax senticosus. 1Including aspartate plus asparagine.
2Including glutamate plus glutamine.
content in the diet, and TiO2d is the analyzed titanium oxide
content in digesta (Yin et al., 2000b).

2.5. Statistical analysis

The data on serum-free AA concentrations and AID of AA
were analyzed with a split-plot design for repeated measures
using the GLM procedure of SAS. The statistical model
included the effect of treatment as the main plot (tested by
the animal within treatment variance) and the effects of time
and treatment×time interaction as the subplot. Comparisons
among treatments within sampling times were made when
the F test (Pb0.05) for the treatment×time interaction
Table 4
Serum contents of amino acids in weaned piglets on day 14 after the
supplementation in Experiment 1 (μg/ml; n=5).

Item Dietary supplementation

AS⁎ extracts Colistin Control

Alanine 104±17.3a 88±8.2ab 76±9.2b

Arginine 42±5.4 39±10.6 35±4.9
Asparagine1 8.7±0.98 8.0±1.20 7.1±1.02
Cysteine 4.4±0.99 4.9±0.65 3.9±0.84
Glutamine2 114±9.2a 111±14.2a 77±3.6b

Glycine 122±1.4a 96±9.8b 100±13.2b

Histidine 14.4±1.70 13.1±2.53 14.4±0.93
Isoleucine 23.2±3.47 21.5±3.34 18.6±3.48
Leucine 28.1±4.04 35.0±3.52 30.5±8.20
Lysine 51±4.8 50±8.8 44±1.4
Methionine 13.2±2.20a 7.7±0.70b 8.4±2.50b

Phenylalanine 20.2±2.03 24.8±4.63 24.2±2.73
Serine 29.6±2.61a 25.1±2.66ab 22.8±2.73b

Threonine 43±5.6 40±4.6 44±4.9
Tyrosine 37.8±2.42a 29.3±4.31b 31.9±6.80ab

Valine 25.7±4.31 29.9±4.01 27.0±2.59

Note: Data were expressed as mean±SEM. Row data with different
superscripts differ significantly (Pb0.05); ⁎AS means Acanthopanax
senticosus. 1Including aspartate plus asparagine. 2Including glutamate plus
glutamine.



Table 5
Serum contents of amino acids in weaned piglets on day 28 after the
supplementation in Experiment 1 (μg/ml; n=5).

Item Dietary supplementation

AS⁎ extracts Colistin Control

Alanine 93±6.0a 91±8.4a 66±7.2b

Arginine 55±6.8a 47±5.9ab 42±4.7b

Asparagine1 10.1±2.74 11.8±0.76 9.8±1.47
Cysteine 3.2±0.50 3.4±0.28 3.7±0.94
Glutamine2 120±2.7 116±12.7 107±13.0
Glycine 116±9.0ab 120±10.8a 97±19.2b

Histidine 18.3±0.93a 16.1±1.2b 13.1±2.24c

Isoleucine 24.3±2.89a 23.0±2.58a 16.5±1.59b

Leucine 41±5.1a 39±4.1a 27±2.6b

Lysine 67±8.8a 49±5.5b 38±3.6c

Methionine 12.6±1.70a 10.4±1.10ab 8.1±2.00b

Phenylalanine 26.5±2.83a 23.9±2.53ab 20.7±2.21b

Serine 24.6±2.63ab 25.5±3.44a 20.0±3.38b

Threonine 59±5.0a 39±5.5b 52±6.0a

Tyrosine 38±1.0a 38±4.5a 28±5.0b

Valine 29.6±4.90ab 31.9±4.94a 24.1±3.43b

Note: Data were expressed as mean±SEM. Row data with different
superscripts differ significantly (Pb0.05); ⁎AS means Acanthopanax
senticosus. 1Including aspartate plus asparagine. 2Including glutamate plus
glutamine.

Table 7
Apparent ileal digestibility (%) of amino acids in weaned piglets on day 14
after the supplementation in Experiment 2 (n=4).

Item Dietary supplementation

AS⁎ extracts Colistin Control

Alanine 82±4.8a 77±3.4b 77±2.4b

Arginine 87±7.0a 83±2.1a 76±2.1b

Asparagine1 84±3.5a 81±3.4b 80±3.3b
Cysteine 86±9.5a 76±3.0b 74±3.1b

Glutamine2 85±4.4a 84±2.5a 79±2.4b

Glycine 74±9.2 80±3.3 77±4.4
Histidine 85±10.3a 78±2.2a 70±2.1b

Isoleucine 82±10.9 81±3.3 78±2.4
Leucine 83±5.6a 78±2.4ab 76±2.2b

Lysine 84±7.5a 74±3.3b 67±1.5c

Methionine 76±3.3 75±4.1 74±3.5
Phenylalanine 86±9.5a 81±1.7a 74±1.9b

Serine 84±12.9a 79±2.4a 75±2.3b

Threonine 79±5.3 80±2.3 78±3.7
Tyrosine 80±3.1 79±2.3 81±2.4
Valine 81±8.2ab 84±3.4a 78±2.2b

Note: Data were expressed as mean±SEM. Row data with different
superscripts differ significantly (Pb0.05). ⁎AS means Acanthopanax
senticosus. 1Including aspartate plus asparagine. 2Including glutamate plus
glutamine.
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showed significant results. Duncan's multiple comparison test
was used to determine differences among the means of
treatment groups. Alpha level for significance determination
was 0.05.

3. Results

3.1. Serum contents of AA inweaned piglets after supplementation

Examination of the serum AA contents in weaned piglets on
day 7 after the initiation of supplementation (Table 3) indicated
that the contents of arginine, glutamine, and methionine in
Table 6
Apparent ileal digestibility (%) of amino acids in weaned piglets on day 7
after the supplementation in Experiment 2 (n=4).

Item Dietary supplementation

AS⁎ extracts Colistin Control

Alanine 69±6.4 73±1.2 71±1.4
Arginine 84±3.9a 65±1.3b 64±2.0b

Asparagine1 72±7.5 73±2.0 70±3.7
Cysteine 74±3.1a 65±2.1b 62±2.0b

Glutamine2 75±4.6 75±1.6 73±1.9
Glycine 69±6.6 71±2.3 72±2.4
Histidine 74±5.9a 65±1.1a 60±1.1b

Isoleucine 72±3.0a 70±1.1a 65±1.5b

Leucine 73±7.5b 79±2.2a 70± 3.4b

Lysine 72±7.8a 67±2.0ab 65±2.3b

Methionine 68±2.0a 70±2.8a 61±2.0b

Phenylalanine 75±4.5a 72±1.1ab 70±0.9b

Serine 69±3.2 67±2.9 65±3.0
Threonine 63±3.2ab 65±2.0a 59±2.3b

Tyrosine 65±2.2ab 68±2.0a 60±2.1b

Valine 70±2.0a 62±2.1b 64±2.3b

Note: Data were expressed as mean±SEM. Row data with different
superscripts differ significantly (Pb0.05). ⁎AS means Acanthopanax
senticosus. 1Including aspartate plus asparagine. 2Including glutamate plus
glutamine.
piglets fed the AS extract-supplemented diet were higher
(Pb0.05) than those in piglets in the control group, as were the
contents of asparagine and tyrosine compared with the other 2
groups. SupplementationwithASextract also increased (Pb0.05)
the contents of cysteine, lysine, andvaline in comparisonwith the
colistin- supplemented group, but decreased the content of
glycine compared with the other 2 groups.

On day 14 after the initiation of supplementation, the
contents of alanine, glutamine, and serine in piglets fed the AS
extract-supplemented diet were higher (Pb0.05) than those
in piglets in the control group, as were the contents of glycine
and methionine compared with the other 2 groups. In
Table 8
Apparent ileal digestibility (%) of amino acids in weaned piglets on day 28
after the supplementation in Experiment 2 (n=4).

Item Dietary supplementation

AS⁎ extracts Colistin Control

Alanine 86±5.6 82±3.9 80±4.0
Arginine 76±12.7 80±2.1 81±3.1
Asparagine1 88±5.9a 87±2.0a 76±2.2b

Cysteine 85±7.6a 82±2.3a 75±2.3b

Glutamine2 94±6.0a 89±3.2b 90±3.4b

Glycine 79±4.6a 83±2.2a 75±2.0b

Histidine 83±5.8a 83±2.1a 72±2.0b

Isoleucine 71±2.5b 86±3.1a 84±4.0a

Leucine 87±7.4b 89±2.4a 82±2.9c

Lysine 82±7.6a 82±2.1a 75±2.1b

Methionine 80±2.2 81±3.2 82±2.3
Phenylalanine 82±3.9a 84±2.3a 76±2.4b

Serine 77±10.4b 90±2.2a 83±2.1b

Threonine 73±7.3b 83±2.2a 75±2.3b

Tyrosine 79±2.3 80±3.1 77±3.1
Valine 75±6.6b 80±3.2a 74±2.3b

Note: Data were expressed as mean±SEM. Row data with different
superscripts differ significantly (Pb0.05). ⁎AS means Acanthopanax
senticosus. 1Including aspartate plus asparagine. 2Including glutamate plus
glutamine.
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addition, AS extract increased the tyrosine content compared
with that in the colistin-supplemented group (Pb0.05)
(Table 4).

The contents of alanine, isoleucine, leucine and tyrosine in
piglets fed the AS extract- and colistin-supplemented diets on
day 28 after the initiation of supplementation were higher
(Pb0.05) than those in piglets in the control group. The AS
extract also increased (Pb0.05) the contents of arginine,
methionine, and phenylalanine compared with the control
group, as well as the contents of histidine and lysine compared
with the other 2 groups. In addition, the threonine content was
higher (Pb0.05) in response to supplementation with AS
extract than in the colistin- supplemented group (Table 5).

3.2. AID of AA in piglets after supplementation

Changes in the AID of AA in weaned piglets on day 7 after
the initiation of supplementation (Table 6) indicated that the
AID values of arginine, cysteine and valine in piglets fed the
AS extract-supplemented diet were higher (Pb0.05) than
those in piglets in the other 2 groups, as were lysine and
phenylalanine compared with the control group, while the
AID of leucine was lower (Pb0.05) than that in the colistin-
supplemented group. Both AS extract and colistin increased
(Pb0.05) the AID values of histidine, isoleucine and methio-
nine in comparison with those in the control group.

On day 14 after the initiation of supplementation, the AID
values of arginine, glutamine, histidine, phenylalanine and
serine in piglets fed the AS extract- and colistin-supplemen-
ted diets were higher (Pb0.05) than those in the control
group. AS extracts increased (Pb0.05) the AID values of
alanine, asparagine, cysteine and lysine compared to those in
the other 2 groups, as well as that of leucine compared to that
in the control group (Table 7).

The AID value of glutamine in piglets fed the AS extract-
supplemented diet on day 28 was higher (Pb0.05) than those
in piglets in the other 2 groups. Both AS extract and colistin
increased (Pb0.05) the AID values of asparagine, cysteine,
glycine, histidine, lysine and phenylalanine compared to those
in the control group. The AID values of isoleucine, leucine,
serine, threonine and valine were decreased (Pb0.05) in
response to supplementation with AS extract compared to
those in the colistin- supplemented group (Table 8). There
were no significant differences in the AID values of other AA
among the 3 treatment groups.

4. Discussion

There has been growing interest in the use of Chinese
herbal medicines or their ingredients as new, alternative
growth-promoters for domestic animals and poultry (Kong
et al., 2004, 2006, 2007b; Deng et al., 2007). The present study
is the first to determine the serum contents and AID of AA in
weaned piglets that received either AS extract or an antibiotic
(colistin). The results show that dietary supplementationwith
AS extract significantly increased the serum contents and AID
of most AA by 15.3–80.8% and 4.1–30.8%, respectively,
compared with the control group in piglets that had been
weaned at 21 days of age. Interestingly, the serum contents
and AID of some AA increased by 10.1–44.8% and 3.1–15.3%,
respectively, in response to colistin-supplementation.
The growth of animals is the outcome of complexmetabolic
transformations, including glucose and amino acid utilization,
intracellular protein turnover and fat deposition aswell as their
regulation by hormones and other factors. An increase in the
amount of nutrients (particularly AA) that enter the portal vein
from the small intestine can be sufficient to promote tissue
protein synthesis in animals (Wu, 1998). Consistent with this
view, dietary supplementation with AS extract enhanced the
serum contents and AID of most AA in 21- to 49-day-old
weaned piglets. Therefore, AS extract improved the digestion
and absorption of dietary protein/AA, and may also directly
regulate the metabolism of absorbed nutrients through signal
transduction mechanisms.

Arginine is one of themost versatile AA inmetabolism and
is used by multiple pathways, including the synthesis of
proteins, NO, polyamines and creatine (Wu andMorris, 1998).
In the present study, treatment with AS extract increased
(Pb0.05) the serum contents of arginine on days 7, 14 and 28
after the initiation of supplementation by 42.4, 18.7 and
30.4%, as well as the AID of arginine on days 7 and 14 by 30.8
and 14.3%, respectively, compared with the control group.
Early in vitro studies have shown that arginine is required for
T-lymphocyte proliferation in response to mitogens (Hibbs
et al., 1987). In our previous study in weaned piglets, dietary
supplementation with 1 g/kg AS extract increased the
production of cytokines and antibodies as well as lympho-
cyte-proliferating activity (Kong et al., 2007a). Therefore, AA
(especially arginine) likely play an important role in the
efficacy of AS extract at promoting the immune response in
piglets. An improvement in immune function brought about
by dietary supplementation with AS extract may also play an
important role in minimizing the use of glucose and AA by
immune cells (Wu et al., 1991).

Further, the serum contents of glutamine on days 7 and 14
increased (Pb0.05) by 15.3 and 48.4%, respectively, in
response to treatment with AS extract in this study. Notably,
the plasma and muscle contents of glutamine exhibit a
marked decline in response to catabolic states (Newsholme
and Calder, 1997). As a major energy substrate for immune
cells (Calder, 1995), glutamine is required for the proliferation
of lymphocytes and plays an important role in their function
and homeostasis. AS extract also increased (Pb0.05) the
serum content of alanine on days 14 and 28 by 36.8 and 42.1%,
respectively, comparedwith that in the control group. Alanine
is synthesized from glutamate and aspartate via transamina-
tion with pyruvate in virtually all cell types (Wu, 1998). The
serum content of asparagine on day 7 increased (Pb0.05) by
80.8%, as did the AID of asparagine on day 28 (by 16.1%) in
response to supplementation with AS extract. Physiologically,
alanine is a major substrate for the hepatic synthesis of
glucose (Calder, 1995).

The serum content of glycine, a novel cytoprotective
nutrient, also increased (Pb0.05) in response to supplemen-
tation with AS extract on days 14 and 28 by 21.8 and 20.2%,
respectively, as did the AID of glycine on day 28 (by 5.7%).
Glycine participates in the synthesis of many physiologically
important molecules, including purine nucleotides, glu-
tathione and heme (Kim et al., 2007). In addition, glycine
itself is a potent antioxidant that scavenges free radicals (Fang
et al., 2002). Thus, glycine is essential for the proliferation and
antioxidative defense of leucocytes. There is also in vivo
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evidence that glycine reduces inflammatory reactions and
morbidity in pathogen- infected animals. Interestingly,
glycine protected animals against peptidoglycan polysacchar-
ide-induced arthritis, and chemical- and stress-induced
gastrointestinal mucosal injury (Zhong et al., 2003).

Finally, AS extract increased (Pb0.05) the serum contents
of serine, tyrosine, lysine, and methionine, as well as the AID
values of serine, lysine, and methionine compared with those
in the control group. The increase in the serum contents of
these AA determined in this study after supplementationwith
AS extract may play an important role in promoting the
growth performance and immune response inweaned piglets
(Wu et al., 2006; Kim et al., 2007).

5. Conclusion

A novel and important finding in this study is that AS
extract, as a promising alternative to antimicrobial agents,
could effectively enhance the digestibility and absorption of
AA in weaned piglets.
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