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ABSTRACT The effect of dietary chitosan oligosaccha-
rides (COS) supplementation on ileal digestibilities of nu-
trients and performance in broilers was assessed by feed-
ing graded levels (0, 50, 100, 150 mg/kg) of COS. Two
thousand four hundred male commercial Avian broilers
(1-d-old) were assigned randomly to 5 dietary treatment
groups (60 birds per pen with 8 pens per treatment).
Diet A was a typical corn- and soybean meal-based diet
supplemented with 6 mg/kg of an antibiotic flavomycin
(positive control). Diet B was the basal diet without any
supplement. Diets C, D, and E were formulated by adding
50, 100, and 150 mg/kg of COS to the basal diet, respec-
tively. On the morning of d 21 and 42, 64 birds (8 per
pen with 8 pens per treatment) from the growth trial for
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INTRODUCTION

A decrease in the therapeutic effectiveness of antibiotics
in treating a wide array of bacterial infections in humans
has prompted several European countries to ban the use
of dietary antibiotics (Simon et al., 2003). With increased
concerns about the use of antibiotics in animal produc-
tion, alternative means to enhance gut health need to
be explored (Ricke et al., 2005). Birds use a variety of
mechanisms against pathogens, including gastric acidifi-
cation of ingested feed, rapid transit through sections of
the intestinal tract, inhibition of pathogen colonization
by the indigenous microbiota, the physical and enzymatic
barrier of the epithelial lining, and the mucosa immune
system (Guo, 1997). The intestinal microbiota, epithelium,
and immune system are effective barriers against patho-
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each age group were killed by cervical dislocation for
determination of the ileal digestibilities of nutrients. Di-
etary supplementation with COS and antibiotic enhanced
(P < 0.05) the ileal digestibilities of DM, Ca, P, CP, and
all amino acids (except for alanine in the 21-d-old birds
or phenylalanine, glutamate, and glycine for the 42-d-old
birds). Feed efficiency was improved (P < 0.05) in re-
sponse to dietary supplementation of an antibiotic or COS
(150 mg/kg for d 1 to 21, and 100 and 150 mg/kg for d
21 to 42). The results demonstrate for the first time to
our knowledge that dietary COS supplementation was
effective in increasing the ileal digestibilities of nutrients
and feed efficiency in broilers. Our findings may explain
a beneficial effect of COS on chicken growth performance.

gen colonization. However, when pathogens are success-
ful in colonizing the intestinal tract, the immune system
reacts with an inflammatory and/or an antibody response
(Guo, 1997). The primary alternatives to enhance gut func-
tion studied to date include acidification of feed, feeding
probiotic organisms, and prebiotic compounds (Patterson
and Burkholder, 2003).

Prebiotics are defined as “nondigestible food ingredi-
ents that beneficially affect the host by selectively stimu-
lating the growth and/or activity of one or a limited
number of the bacteria in the colon” (Gibson and Rober-
froid, 1995). As regulators of nutrient utilization, oligosac-
charides, mainly fructooligosaccharides and mannanoli-
gosaccharide, are commonly fed to weaning pigs and
poultry in Japan and are increasingly being used in Eu-
rope (Patterson and Burkholder, 2003). Fructooligosac-
charides and mannanoligosaccharide have been shown
to have prebiotic effects (Newman, 1994; Gao et al., 2001).

Abbreviation Key: COS = chitosan oligosaccharides, ADG = average
daily gain.
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Chitosan oligosaccharides (COS) may have similar prop-
erties. Previous research has shown that dietary supple-
mentation with COS inhibits the growth of oral (Tarsi et
al., 1998) and intestinal (Xiao and Wu, 1996; Wang et al.,
2003) pathogenic bacteria, while increasing the density
of small-intestinal microvilli (Wang et al., 2003). The feed-
ing of COS to pigs also favorably alters whole-body lipid
metabolism (Jabbal et al., 1998; Wang, 1998; Tang et al.,
2005) and increases serum levels of total protein, growth
hormone, and insulin-like growth factor-I as well as he-
patic and i.m. mRNA levels for insulin-like growth factor-
I (Tang et al., 2005). Additionally, dietary COS supple-
mentation to mice reduces the levels of early preneoplas-
tic markers for colon carcinogenesis, while stimulating
mucosal and systemic antibody responses against Borde-
tella pertussis filamentous hemagglutinin and recombi-
nant pertussis (Torzsas et al., 1996; Jabbal et al., 1998).
However, the mechanisms responsible for the observed
effects of COS are not known, but could be due to im-
proved digestibilities of dietary nutrients. Therefore, the
objective of the study was to determine the effects of
dietary COS supplementation on the ileal digestibilities
of nutrients and performance in broilers.

MATERIALS AND METHODS

Experimental Design and Diets

Two thousand four hundred male commercial Avian
broilers (1-d-old) were obtained from Zheng Da Thailand,
Inc.2 and assigned randomly to 5 dietary treatment groups
(60 birds per pen with 8 pens per treatment). The experi-
ment was carried out in accordance with the Chinese
guidelines for animal welfare and approved by the animal
welfare committee of Institute of Subtropical Agriculture,
The Chinese Academy of Sciences.

Diets, Housing, and Management

Five diets were prepared for the study. Diet A was a
typical corn- and soybean meal-based diet meeting NRC
(1994) nutrient requirements for broilers and supple-
mented with 6 mg/kg of an antibiotic flavomycin3, as a
positive control diet. Diet B was the basal diet without
any supplement (Table 1). Diets C, D and E were formu-
lated by the addition of 50, 100, and 150 mg/kg of COS to
the basal diet, respectively. The diets were supplemented
with 0.3% of Cr2O3 as an indigestible marker for determin-
ing the ileal digestibilities of nutrients. The chitosan used
in this trial was provided by Dalian Chemical and Physi-
cal Institute4 and is a 6 sugar units of N-acetyl glucos-
amine with 1 to 4 β-linkages. The COS used in this study
was a mixture of oligosaccharides with molecular weights

2Yueyang, People’s Republic of China.
3Hoechst AG, Frankfurt, Germany.
4The Chinese Academy of Sciences, Dalian, People’s Republic of

China.

TABLE 1. Composition of the basal diets (%, as-fed basis)
for starter and grower broilers

Starter Grower
Ingredients (d 1 to 21) (d 22 to 42)

Corn 58.4 66.4
Soybean meal (45% CP) 35.5 27.3
Canola oil 1.3 1.6
Ground limestone 1.2 1.2
Calcium phosphate (20% P) 2.1 2.0
Methionine 0.08 0.08
Salt 0.25 0.25
Mineral and vitamin mix1 1.17 1.17
Chemical composition

(analyzed contents; DM basis)
Crude protein, % 21.00 18.20
Metabolizable energy, MJ/kg 12.34 12.74
Calcium, % 0.99 0.95
Available phosphorus, % 0.44 0.41
Sodium, % 0.20 0.17

Essential amino acid, %
Arginine 0.67 0.60
Cystine 0.34 0.30
Histidine 1.13 1.00
Isoleucine 1.10 0.98
Leucine 1.73 1.54
Lysine 1.05 0.92
Methionine 0.46 0.40
Phenylalanine 2.07 1.84
Threonine 0.85 0.76
Valine 1.66 1.48

Nonessential amino acid, %
Alanine 0.69 0.61
Aspartic acid 0.59 0.52
Glutamic acid 1.30 1.16
Glycine 2.21 1.96
Proline 0.59 0.52
Serine 1.12 1.00
Tyrosine 1.04 0.93

1Supplying per kilogram of diet: vitamin A, 8,000 IU; vitamin D3,
3,500 IU; vitamin E, 35.0 IU; vitamin K, 2.0 mg; thiamin, 4 mg; riboflavin,
6.0 mg; calcium pantothenate, 10 mg; vitamin B12, 12 �g; niacin, 76.4
mg; folic acid, 4.9 mg; choline chloride, 862.4 mg (=700 mg of choline);
biotin, 200 �g; niacin, 40 mg; pyridoxine, 4.0 mg; folic acid, 1.0 mg;
manganic sulfate, 215.1 mg; zinc sulfate, 92.7 mg; copper sulfate, 39.3
mg; ferric citrate, 500 mg; Na2SeO3, 0.22 mg; potassium iodide 0.52 mg
(=0.4 mg iodine).

between 103 and 104 Da. The diets were fed in a pellet
form. All groups of broilers had free access to feed and
drinking water.

The broilers were raised on a battery brooder house
during d 1 to 21 and then transferred into floor pens
during d 22 to 42. The size of each pen was 2 m2 for the
starter (d 1 to 21) and 4.6 m2 for the grower (d 22 to 42).
Birds were maintained on a 24-h constant-light schedule.
The initial room temperature was set at approximately
32°C and reduced by 2 to 3°C weekly until reaching 22°C
at wk 4, which was maintained for the remaining 6 wk.
At the end of 1- and 4-wk periods of the experiment, all
groups of chicks received i.m. administration of 0.5 mL
of a commercial inactivated Newcastle disease vaccines.
Throughout the study, broilers were checked daily for
signs of disease and mortality. The birds were individu-
ally weighed, whereas feed intake and feed efficiency
were determined for each pen, on a weekly basis.
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Ileal Digestibility Trial

On the morning of d 21 and 42, 64 chicks (8 per pen
with 8 pens per treatment) from the growth trial for each
age group were killed by cervical dislocation. All of the
ileal digesta between the yolk sac and the terminal ileum
(2 cm above the ileal-cecal junction) were obtained imme-
diately and carefully, as described by Gong et al. (2003).
The digesta from each of the 8 birds per pen was pooled
as one sample into a plastic bag and immediately stored
at −20°C. Digesta were freeze-dried, ground through a
1.00-mm mesh screen, and mixed thoroughly before
analyses.

Dry matter, gross energy, CP (N × 6.25, macro-Kjel-
dahl), Ca, and P contents were determined according to
AOAC (1990) methods. Samples also were analyzed for
chromic oxide (Fenton and Fenton, 1979). Amino acid
contents were determined by ion-exchange chromatogra-
phy following hydrolysis in 6 M HCl at 110°C under N2

for 24 h, as we described (Yin et al., 2002). Methionine
and cysteine were determined as methionine sulfone and
cysteic acid after oxidation with performic acid (AOAC,
1990). The values for glutamic acid and aspartic acid in-
clude glutamate plus glutamine and aspartate plus aspar-
agine, respectively.

The apparent digestibility values for dietary nutrients
were calculated as follows:

DD = 1 − [(ID × AF)/(IF × AD)]

where DD is the apparent digestibility of a nutrient in
diet; ID is the concentration of an indigestible marker in
diet; AF is the nutrient concentration in ileal digesta; IF
is the indigestible-marker concentration in ileal digesta;
and AD is the nutrient concentration in diet.

Statistical Analysis

The data on the growth performance and ileal digest-
ibilities of nutrients were analyzed as a completely ran-
domized design (Steel et al., 1997). This was further split
by periods using the GLM procedure of the SAS User’s
Guide.5 Differences between means were compared using
the Student-Neuman-Keuls multiple comparison test.
Probabilities less than 0.05 were taken to indicate statisti-
cal significance.

RESULTS

Average daily gain (ADG), feed intake, and feed effi-
ciency data were computed and analyzed for d 1 to 21
and d 22 to 42 (Table 2). Broilers fed the 100 mg/kg of
COS and 6 mg/kg of flavomycin diets had greater ADG
(P < 0.01), compared with other diets, during the first 3
wk. There was no difference (P > 0.05) in ADG among
the broilers fed the basal, 50, and 150 mg/kg COS diets.

5SAS Institute Inc., Cary, NC.

Similar results were obtained for d-22 to 42 birds. Particu-
larly, ADG (47.8 g) was the same for broilers fed the 100
mg/kg of COS and 6 mg/kg of flavomycin diets, which
was greater (P < 0.05) than that for other treatment groups.
Feed intake over d 1 to 21 did not differ (P > 0.05) among
chicks fed the 6 mg/kg flavomycin diet and the 0, 50 and
100 mg/kg of COS diets. However, chicks fed the 150
mg/kg of COS diet exhibited lower feed intake when
compared with those fed the 50 and 100 mg/kg of COS
diets (Table 2). Feed intake over d 22 to 42 was not differ-
ent among the 5 treatment groups (P > 0.05). The feed
efficiency, however, was improved (P < 0.05) by dietary
supplementation of 6 mg/kg of flavomycin, as well as
100 and 150 mg/kg of COS during the entire feeding
period (d 1 to 42).

The effects of COS on ileal digestibilities (coefficients)
of DM, energy, Ca, P, CP, and amino acids in 21-d-old
broilers are summarized in Table 3. The ileal digestibilities
of DM and energy in chicks fed the 100 mg/kg of COS
diet were similar to those for birds fed the 160 mg/kg of
COS diet (P > 0.05), but were greater (P < 0.05) than the
values for birds fed the 6 mg/kg of COS diet, as well as
the 0 and 50 mg/kg of COS diets. The ileal digestibilities
of calcium and phosphorus increased (P < 0.05) with in-
creasing the dietary supplemental level of COS from 0 to
100 mg/kg; the values did not differ (P > 0.05) between
the 2 groups of chicks fed the 6 mg/kg of flavomycin diet
and the 100 mg/kg of COS diet. Dietary supplementation
with 150 mg/kg of COS increased and decreased (P <
0.05) the ileal digestibilities of phosphorus and calcium,
respectively, in comparison with feeding of the 0 mg/kg
of COS diet. The ileal digestibilities of CP and all amino
acids (except for alanine) in chicks fed the 100 mg/kg of
COS diet were similar to those fed the 150 mg/kg of COS
and the 6 mg/kg of flavomycin diets (P > 0.05), but were
greater (P < 0.05) than the values for birds fed the 0 and
50 mg/kg of COS diets. Increasing dietary supplemental
levels of COS from 0 to 100 mg/kg increased (P < 0.05) the
ileal digestibilities of phenylalanine in a concentration-
dependent manner. The ileal digestibilities of measured
nutrients (except for energy) did not differ (P > 0.05)
between the 2 groups of chicks fed the 0 and 50 mg/kg
diets. Results obtained for 42-d-old broilers (Table 4) were
in general agreement with those for the 21-d-old chicks,
except for the following observations for the older birds.
First, the ileal digestibilities of DM, energy, calcium, CP,
and histidine were greater (P < 0.05) for chicks fed the
50 mg/kg of COS diet, compared with birds fed the 0
mg/kg of COS diet. Second, the ileal digestibilities of
alanine in chicks fed the 6 mg/kg diet and the 100 and
150 mg/kg of COS diets were similar (P > 0.05), but were
greater (P < 0.05) than the values for birds fed the 0 and
50 mg/kg of COS diets. Third, the ileal digestibilities of
phenylalanine and tyrosine did not differ (P > 0.05) among
the 5 treatment groups.

DISCUSSION

Dietary supplementation with prebiotics, such as COS,
has been shown to improve the health status of the gastro-
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TABLE 2. Effects of chitosan oligosaccharides (COS) on the growth performance of broilers

6 mg/kg 0 mg/kg 50 mg/kg 100 mg/kg 150 mg/kg
of flavomycin of COS of COS of COS of COS SEM1 P-value

Treatment A B C D E
BW, g
1 d 44.1a 44.6a 43.3a 44.8a 44.9a 0.39 0.0642
21 d 812.6ab 786.0b 824.1a 825.8a 796.9b 7.25 0.0221
42 d 2036.4a 1976.2b 1955.3b 2053.9a 1970.2b 19.19 0.0006
Average daily gain, g
1 to 21 d 37.2a 35.3b 36.6b 37.2a 35.8b 0.34 0.0183
22 to 42 d 58.3a 55.8ab 53.9b 58.5a 55.9ab 0.83 0.0004
1 to 42 d 47.8a 45.5b 45.2b 47.8a 45.8b 0.46 0.0007
Average daily feed intake, g
1 to 21 d 51.5ab 51.0ab 52.7a 52.1a 49.5b 0.66 0.0411
22 to 42 d 144.9 144.4 141.5 145.0 140.3 2.99 0.7682
1 to 42 d 98.2 97.7 97.1 98.6 94.9 1.61 0.4201
Feed:gain
1 to 21 d 1.384b 1.440a 1.439a 1.401ab 1.382b 0.014 0.0052
22 to 42 d 2.516b 2.587a 2.627a 2.479b 2.511b 0.028 0.0002
1 to 42 d 2.050b 2.147a 2.148a 2.060b 2.070b 0.020 0.0264

1Pooled standard error of the mean for 60 chicks per pen with 8 pens per treatment.
a,b,cValues in the same row with a common letter are significantly different at P < 0.05.

intestinal tract; therefore, these substances are being ac-
tively investigated as indirect growth promoters (New-
man, 1994; Patterson and Burkholder, 2003). The use of
such compounds in diets for food animals has been as-
sumed to minimize the use of antibiotics and thus reduce
the possible occurrence of drug resistance in bacteria (Si-
mon et al., 2003). To our knowledge, little is known about
the effect of COS on nutrient digestion in poultry or other
livestock species, and this is the first study to determine
the effect of dietary COS supplementation on the ileal
digestibilities of DM, energy, Ca, P, CP, and amino acids

TABLE 3. Effects of chitosan oligosaccharides (COS) on the ileal digestibilities (coefficients) of DM,
energy, Ca, P, CP, and amino acids in 21-d-old broilers

6 mg/kg 0 mg/kg 50 mg/kg 100 mg/kg 150 mg/kg
of flavomycin of COS of COS of COS of COS SEM1 P-value

Treatment A B C D E
DM 0.80bc 0.76d 0.78cd 0.85a 0.83ab 0.01 0.0001
Energy 0.82b 0.77c 0.82b 0.88a 0.86a 0.01 0.0001
Ca 0.79a 0.75b 0.73bc 0.78a 0.71c 0.01 0.0001
P 0.83ab 0.80b 0.81ab 0.87a 0.85a 0.02 0.0099
CP 0.88a 0.70b 0.72b 0.87a 0.83a 0.01 0.0001
Essential amino acid

Arginine 0.85a 0.77b 0.78b 0.84a 0.82a 0.01 0.0001
Cystine 0.84a 0.79b 0.79b 0.84a 0.83a 0.01 0.0001
Histidine 0.90a 0.78b 0.80b 0.90a 0.86ab 0.02 0.0001
Isoleucine 0.81a 0.70b 0.72b 0.81a 0.84a 0.01 0.0001
Leucine 0.86a 0.75b 0.72b 0.86a 0.87a 0.02 0.0001
Lysine 0.85a 0.73b 0.74b 0.87a 0.84ab 0.02 0.0001
Methionine 0.82a 0.75b 0.74b 0.84a 0.83a 0.00 0.0001
Phenylalanine 0.83a 0.70c 0.77b 0.85a 0.84a 0.01 0.0001
Threonine 0.84a 0.78b 0.74b 0.82a 0.81ab 0.01 0.0005
Valine 0.91a 0.79b 0.81b 0.92a 0.82b 0.01 0.0001

Nonessential amino acid
Alanine 0.83 0.82 0.81 0.82 0.79 0.01 0.06523
Aspartic acid 0.83a 0.71b 0.72b 0.85a 0.83a 0.01 0.00001
Glutamic acid 0.83a 0.78b 0.77b 0.84a 0.82a 0.01 0.00001
Glycine 0.86a 0.77b 0.80b 0.88a 0.88a 0.02 0.0001
Proline 0.84a 0.80b 0.79b 0.84a 0.84a 0.01 0.0037
Serine 0.86a 0.72b 0.76b 0.83a 0.82a 0.01 0.0001
Tyrosine 0.89a 0.80b 0.78b 0.88a 0.86a 0.01 0.0001

1Pooled standard error of the mean for pooled samples of 8 chicks per pen with 8 pens per treatment.
a,b,cValues in the same row with a common letter are significantly different at P < 0.05.

in growing broilers. For comparison, we used an antibi-
otic (flavomycin) as a positive control to evaluate the
efficacy of COS supplementation. Our results indicate
that the efficiency of the utilization of dietary nutrients
in broilers fed the 100 and 150 mg/kg of COS diets was
higher than birds fed the 0 and 50 mg/kg of COS diets,
and was similar to that for chicks fed the flavomycin-
supplemented diet.

The enhanced ileal digestibilities of nutrients in the
broilers fed the COS-containing diets might be explained
by the following findings. First, COS supplementation
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TABLE 4. Effects of chitosan oligosaccharides (COS) on the ileal digestibilities (coefficients)
of DM, energy, Ca, P, CP, and amino acids in 42-d-old broilers

6 mg/kg 0 mg/kg 50 mg/kg 100 mg/kg 150 mg/kg
of flavomycin of COS of COS of COS of COS SEM1 P-value

Treatment A B C D E
DM 0.85a 0.82b 0.86a 0.86a 0.86a 0.01 0.0001
Energy 0.86a 0.83b 0.86a 0.86a 0.87a 0.01 0.0003
Ca 0.66b 0.60c 0.75a 0.69a 0.68b 0.01 0.0001
P 0.82a 0.82a 0.85a 0.87a 0.85a 0.01 0.0938
CP 0.81a 0.74b 0.79a 0.83a 0.81a 0.01 0.0001
Essential amino acid

Arginine 0.78a 0.73b 0.74ab 0.75ab 0.81a 0.02 0.0001
Cystine 0.87a 0.81b 0.79b 0.84a 0.84a 0.02 0.0197
Histidine 0.85a 0.77b 0.81a 0.82a 0.81a 0.02 0.0058
Isoleucine 0.80a 0.77b 0.77b 0.83a 0.80a 0.02 0.0327
Leucine 0.86a 0.79b 0.79b 0.84a 0.81ab 0.02 0.0034
Lysine 0.86a 0.76b 0.82ab 0.86a 0.87a 0.01 0.0001
Methionine 0.86a 0.80b 0.80b 0.84a 0.82a 0.01 0.0091
Phenylalanine 0.88 0.86 0.84 0.84 0.85 0.01 0.1025
Threonine 0.79a 0.73b 0.75b 0.80a 0.81a 0.01 0.0007
Valine 0.78b 0.77b 0.79b 0.79b 0.83a 0.01 0.0132

Nonessential amino acid
Alanine 0.75a 0.70b 0.69b 0.75a 0.77a 0.02 0.0003
Aspartic acid 0.85a 0.81b 0.78b 0.86a 0.85a 0.01 0.0001
Glutamic acid 0.85a 0.88a 0.88a 0.85a 0.86a 0.01 0.3391
Glycine 0.96 0.95 0.95 0.94 0.95 0.00 0.0761
Proline 0.78a 0.73b 0.75b 0.79a 0.79a 0.02 0.0410
Serine 0.80a 0.73b 0.70b 0.80a 0.78a 0.02 0.0024
Tyrosine 0.89 0.86 0.86 0.87 0.87 0.01 0.3197

1Pooled standard error of the mean for pooled samples of 8 chicks per pen with 8 pens per treatment.
a,b,cValues in the same row with a common letter are significantly different at P < 0.05.

reduced the number of pathogenic bacteria (e.g., Esche-
richia coli, Salmonella typhimurium) (Choi et al., 1994; LeM-
ieux et al., 2003; Wang et al., 2003) and increased the
beneficial bacteria (e.g., Lactobacilli) numbers (Oli et al.,
1998) in the intestine. Such changes in the intestinal bacte-
rial population resulted in a decrease in the incidence of
diarrhea (Oli et al., 1998) and an increase in immune
function (Gibson and Roberfroid, 1995; Patterson and
Burkholder, 2003). Second, COS may stimulate the secre-
tion of digestive enzymes from the stomach, pancreas,
and intestinal mucosa (Hou and Gao, 2001). This effect
is expected to reduce local inflammation in the intestinal
mucosa, facilitate the breakdown of complex molecules
into simpler ones, and enhance the integrity of entero-
cytes, thereby promoting the digestion and absorption of
nutrients (Wu, 1998). Through an increase in the digestion
and absorption of nutrients, dietary supplementation
with COS reduces the excretion of fecal nitrogen and
phosphorus from animals, thereby minimizing the major
sources of environmental pollution. Dietary supplemen-
tation of 100 mg/kg of COS to broilers was as effective
as a well-documented antibiotics (6 mg/kg of flavomycin)
in enhancing the ileal digestibilities of nutrients and aver-
age daily gain, compared with the broilers fed the basal
diet. Thus, compared with feeding an antibiotic, dietary
COS supplementation to poultry and other livestock spe-
cies offers 3 unique advantages: 1) preventing drug resis-
tance in animals and humans; 2) improving the health of
the small intestine; and 3) increasing the ileal digestibility
of dietary phosphorus.

According to the limited published reports to date, the
effects of COS on the growth performance of poultry or

other livestock species are not consistent. Some studies
indicate that COS does not affect weight gain or feed
efficiency in chickens (Hill et al. 1998; Wang, 1998; Zhang
et al., 1998). However, Ma et al. (2001) and Wang et al.
(2003) reported that COS increased the ADG of 0- to 42-
d broilers. These discrepancies may result in part from
the different molecular weights and different doses of the
COS used in the experiments. The COS can serve only
as adhesives and carrying agents when its molecular
weight is greater than 105 Da. In contrast, COS can modu-
late immune responses and reduce the establishment of
pathogens in the intestine when its molecular weights
range between 103 to 104, as was the case with the COS
used in the present study. At a molecular weight <103,
COS can stimulate the growth of bifid bacteria that have
a number of health-promoting properties (Shigehiro et
al., 1990; Hou and Gao, 2001). Importantly, results of the
present study demonstrate that the growth performance
and nutrient digestibilities in 1- to 42-d-old chicks exhib-
ited a dose-dependent response to dietary COS supple-
mentation (Tables 2 to 4). Compared with the 0 mg/kg
COS diet, dietary supplementation with 100 mg/kg COS
to broilers resulted in higher ileal digestibilities of almost
all measured nutrients and higher average daily gain, but
dietary supplementation with a lower (50 mg/kg) or a
higher (150 mg/kg) dose of COS neither increased the
ileal digestibilities of some essential amino acids (in both
21- and 42-d-old chicks), Ca (in 21-d-old chicks), or P (in
42-d-old chicks) (Tables 3 and 4), nor affected ADG (Table
2). Therefore, the enhanced ileal digestibilities of dietary
nutrients contributed to the improved feed efficiency in
COS-supplemented broilers.
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In conclusion, dietary supplementation of 100 mg/kg
of COS to broilers is as effective as a well-documented
antibiotic in enhancing the ileal digestibitilies of nutrients
and ADG. Our results establish an optimal dose of COS
for improving the efficiency of feed utilization in poultry.
We suggest that an increase in the digestion and absorp-
tion of nutrients is a major mechanism responsible for
the enhanced growth performance of broilers in response
to dietary COS supplementation.
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