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Abstract:
BACKGROUND: According to literature, there are differences

among different species of animals in respect to absorption of Dxylose. OBJECTIVES: In two experiments, the differences that
might exist in absorptive capacity of small intestine for D-xylose,
in different types of chicken were tested. METHODS: In experiment
one, 2 groups of nine adult layer type males (48 weeks) and females
(58 weeks), and in experiment two, 4 groups of ten young (4 week)
broiler type or layer type male or female chickens were dosed Dxylose solution (50 mg/mL, 500 mg/kg BW), orally. One blood
sample before, and 5 others immediately after the administration of
D-xylose solution, were taken from wing vein of the birds at 30
minute intervals for 150 minutes, and the concentration of D-xylose
in plasma was measured. RESULTS: In experiment one, D-xylose
concentration reached its peak at 60 to 90 min in both adult males
2
and females, and followed a quadratic trend with time (r for adult
males = 0.735 and adult females = 0.801). In experiment two, Dxylose concentration reached its peak at 60 min for all experimental
2
groups and followed a quadratic trend with time (r for broiler type
male = 0.681, broiler type female = 0.850, layer type male = 0.695
and layer type female = 0.748). CONCLUSIONS: D-xylose test was
shown to be a sensitive tool for the evaluation of intestinal
absorption capacity of chicken. This test revealed that there were
some differences in absorption function of intestine among the birds
with different breeds, sexes, ages, and nutritional demands.

Introduction
Literature indicates that there are some
differences in metabolisable energy (ME) values and
digestibility coefficients of a same dietary ingredient
between broiler and table egg layer strains of
chickens (Spratt and Leeson, 1987) as well as
between broilers of different ages (Flores et al, 1994;
Wiseman and McNab, 1997; Zelenka, 1997). These
differences might, in part, be due to differences in
intestinal absorption rate of a nutrient among birds
with different dietary needs and/or physiological and
environmental status.
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D-xylose absorption test has proven to be a useful
indicator of intestinal absorptive function in animals
(Sorensen et al., 1997; Rutgers, 2005; Semrad, 2005).
In healthy animal, D-xylose passes the intestinal
brush border membrane via trans-cellular pathway as
well as diffusion and/or solvent drag through paracellular pathway (Sadowski and Meddings, 1993,
Scharrer and Grenacher, 2000; Chediack et al., 2003;
Chang and Karasov, 2004; Chang et al., 2004). Small
intestine of chicken absorbs D-xylose almost
completely, thus any change in plasma concentration
of D-xylose over a 3-h period is quite indicative of
absorption capacity of intestinal tract (Schutte et al.,
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1991; Doerfler et al., 2000).
The objective of the study presented here was to
demonstrate the differences that might exist in the
absorptive function of small intestine for D-xylose
between broiler and layer type chickens. The
existence of a difference in absorptive function of
small intestine explains, at least in part, the difference
in ME values and digestibility coefficients of dietary
ingredients among the broiler and layer type
chickens, laying hens and adult cockerels.

Materials and Methods
This study was conducted in two consecutive
experiments at the Poultry Station, Veterinary
Research Institute, Faculty of Veterinary Medicine,
University of Tehran, Tehran - Iran.
The experimental procedure was approved by the
Animal Research Committee of the University of
Tehran.
The experiment one had two groups of adult
birds (Group 1): Nine 48-wk-old layer-type males
(ALTM) (Hy-Line W36), with mean body weight of
2057g ± 166 and Group 2: Nine 58-wk-old layer
females (ALTF) (Hy-Line W36), with mean body
weight of 1595g ± 202. All birds were kept
individually in raised floor wire cages, 30×40×40 cm
in dimension, 7 days before sampling in order to adapt
to the new environmental condition. Both groups had
free access to fresh water and their respective
commercial maize-soy meal based diets (Table1).
Diets were formulated according to the nutrient
requirements of white laying type males or females
(NRC, 1994) and met or exceeded all nutrient
requirements of the birds.
Experiment 2 had four groups of 10 individually
identified one-day old chicks as follows: Group 1 and
2, broiler type males and females (YMTM, YMTF)
(Ross 308) with mean body weight of 42g ± 2, Group
3 and 4, layer type male and females (YLTM, YLTF)
(Hy-Line W36) with mean body weight of 33g ± 2. All
birds had free access to fresh water and the same
commercial maize-soy meal based diet with 2970
kcal/kg ME and 200g/kg crude protein, from day one
(Table 1). The D-xylose absorption test was carried
out on day 28.
All experimental birds were apparently healthy
and survived the experiment.
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D-Xylose Administration and Measurement in
Plasma: Food and water were removed from each
group of birds 12h prior-to the first collection of
blood. All birds were weighed individually and given
D-xylose solution (50mg/ml of de-ionized water,
Fluka BioChemika 95731, Fluka Chemie AG, Buchs,
Switzerland.) at the dose of 500 mg/kg of body weight
via an oral gavage. One-blood sample before, and 5
others after the administration of the test material,
were collected by wing (ulnar) vein puncture using
heparinized micro-haematocrit capillary tubes (Code
- No 9100260, Hirschmann Laborgerate Techcolor,
Germany), at 30 minute intervals for 150 minutes. All
tubes were centrifuged and plasma was collected.
The concentration of D-xylose in plasma was
measured according to the method of Eberts et al.
(1979) and modified by Goodwin et al. (1984), using
a spectrophotometer (Model 6100, Jenway LTD,
Felsted, Dunmow, Essex, England, UK), set at
554nm.
Statistical Analysis: Analysis of data was carried
out using one-way analysis of variance (ANOVA) of
Minitab system (Minitab 13.2 statistical package,
Minitab Inc. State College, 2000). Polynomial
regression analysis was used to investigate the
relationship between D-xylose level and time using
the following model (Kaps and Lamberson, 2004):
Yi = β0 + β1xi + β2x2i + εi
Where:|
Yi = observation i of dependent variable Y (Dxylose level)
xi = observation i of independent variable x (time)
β0, β1, β2 = regression parameters
εi = random error
All statements of significance were based on a
probability of p<0.05.

Results
In experiment one, the plasma concentration of DXylose in both ALTM and ALTF reached its peak at
60 to 90 min after the administration of the test
material. Absorption of D-xylose showed a quadratic
2
trend with time in both ALTM and ALTF (r = 0.735
and 0.801, respectively). However, ALTF had a
higher trend of absorption.
In experiment two, the plasma D-xylose
concentration reached its peak 60 minutes after the
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Table 1. The ingredients and chemichal composition of the diets. (*) Vitamin and mineral premix supplied per kg of diet; Vit A (Retinyl
Acetate) 17.6mg, Vit D3 (Cholecalciferol) 5mg, Vit E (Alfa-Tocopherol Acetate) 22mg, Vit B1 (Thiamine Mononitrate) 1.5mg, Vit B2
(Riboflavin) 4.0mg, Vit B3 (Niacin) 35mg, Vit B5 (Calcium Panthotenate) 8mg, Vit B6 (Pyridoxine HCL) 2.5mg, Vit B12
(Cyanocobalamin) 0.01mg, Biotin 0.15mg, Folic Acid 0.48mg, Cholin Chloride 400mg, Vit K3 2.2mg, Manganese 75mg, Iron 75mg,
Zinc 64.8mg, Copper 6.0mg, Iodine 0.87mg, Selenium 0.2mg. (**) The vitamin and mineral premix supplied per kg of diet; Vit A A
(Retinyl Acetate) 24mg, Vit D3 (Cholecalciferol) 6mg, Vit E (Alfa-Tocopherol Acetate) 36mg, Vit B1 (Thiamine Mononitrate) 1.8mg,
Vit B2 (Riboflavin) 6.6mg, Vit B3 (Niacin) 30mg, Vit B5 (Calcium Panthotenate) 10mg, Vit B6 (Pyridoxine HCL) 3mg, Vit B12
(Cyanocobalamin) 0.015mg, Biotin 0.1mg, Folic Acid 1.0mg, Cholin Chloride 500mg, Vit K 2mg, Manganese 99.2mg, Iron 50mg, Zinc
84.7mg, Copper 10mg, Iodine 1mg, Selenium 0.2mg.
Ingredients (g/kg)
Corn
Barley
Soy-Bean Meal (44% CP)
Corn Gluten (60% CP)
Wheat Gluten (72% CP)
Wheat Bran
Vegetable Fatty Acid
Oyster Shell
Methionine (99%)
Lysine Hydrochloride (78%)
Mono-Calcium Phosphate
Calcium carbonate
salt
Na Bicarbonate
Vit+Min Premix
Phytase
Nutrient Composition (Calculated)
Metabolisable Energy (kcal/kg)
Crude Protein
Total Fat
Crude Fiber
Methionine
Lysine
Methionine + Cysteine
Total Calcium
Total Phosphorus
Available Phosphorus
Sodium

Female Layer Diet
548
0
270
10
4
0
40
103
1.3
0.7
10.5
3.8
2.55
1.0
5*
0.15

Male Layer Diet
400
390
115
5.5
2
52
0
13
0.5
0
10
2.5
2.55
0.8
5*
0.15

Chick Diet
600
0
315
10
9.8
0
28
15
1.3
0.3
10
1.75
2.9
0.8
5**
0.15

2820
161
41.4
29.2
4.5
8.3
7.3
41.8
5.5
4.5
1.8

2710
132
26.1
47.2
3.2
6.2
5.5
9.1
5.8
4.5
1.7

2970
200
43.0
36.4
4.9
11.3
8.3
9.6
5.8
4.5
1.7

Table 2. plasma D-xylose concentration (mg/dl) of adult layer type male (48 weeks old) and female chickens (58 weeks old) after an
administration of D-xylose solution (500 mg/kgBW), on 30min intervals, for 150min. *, Mean ± Standard Error of the Mean (n=9);
ALTM, Adult Layer Type Males; ALTF, Adult Layer Type Females; 1, Regression coefficient value for the quadratic fitted line.
0min

30min

60min

90min

120min

150min

ALTM

0

25.1±2.61*

37.5±2.20

33.4±1.81

30.2±2.11

25.7±2.40

ALTF

0

21.3±2.07

44.8±2.70

45.9±2.92

38.1±2.57

37.0±3.21

Statistical Significance (Polynomial Regression Line Plot)
Linear

Quadratic

Cubic

F ratio

p value

F ratio

p value

F ratio

p value

R2 value1

ALTM

12.2

0.001

96.8

0.001

42.1

0.001

0.735

ALTF

27.8

0.001

109.1

0.001

14.3

0.001

0.801
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Table 3. plasma D-xylose concentration (mg/dl) of young meat and layer type male and female chickens (28 days old) after an oral
administration of D-xylose solution (500 mg/kgBW), on 30min intervals, for 150min. *, Mean ± Standard Error of the Mean (n=10);
YMTM, Young Meat Type Males; YMTF, Young Meat Type Females; YLTM, Young Layer Type Males; YLTF, Young Layer Type
Females; 1, Regression coefficient value for the quadratic fitted line.
0min

30min

60min

90min

120min

150min

YMTM

0

69.0±2.5*

70.5±3.51

58.2±4.17

52.2±3.03

39.6±2.39

YMTF

0

44.1±4.56

61.2±3.00

60.9±4.46

53.1±4.37

41.0±2.03

YLTM

0

49.0±3.36

53.8±2.20

40.2±1.34

34.7±1.70

23.5±1.28

YLTF

0

60.4±5.33

77.8±3.87

58.1±3.02

41.2±2.20

26.8±2.17

Statistical Significance (Polynomial Regression Line Plot)
Linear

Quadratic

Cubic

F ratio

p value

F ratio

p value

F ratio

p value

R2 value1

YMTM

4.4

0.043

77.5

0.001

62.4

0.001

0.681

YMTF

17.0

0.001

137.6

0.001

10.9

0.002

0.850

YLTM

1.2

0.280

98.8

0.001

82.1

0.001

0.695

YLTF

0.6

0.436

128.3

0.001

68.7

0.001

0.748

administration of test material. The trend of
absorption showed a quadratic correlation with time
2
2
for all experimental groups (r = 0.850 for YMTF, r
2
2
= 0.748 for YLTF, r = 0.695 YLTM and r = 0.681 for
YMTM). However, YMTM and YLTF had the
highest, and YLTM had the lowest trend of D-xylose
absorption.

Discussion
The results of experiment one and two showed
differences in the concentration of plasma D-xylose
between layer type males and females (Table 2,3),
indicating the existence of a variation in absorptive
capacity of intestinal epithelial cells for D-xylose.
This variation might be due to a number of factors
such as type of diet, sex, age and more importantly,
higher demand of females for dietary nutrients
because of egg production.
Type of diet might have an important role on the
absorption capacity of intestine in experiment one as
the diet for ALTF had higher ME (2820 versus 2710
kcal/kg) and crude protein (161 versus 132g/kg) and
lower crude fiber (29.2 versus 47.2 g/kg) than ALTM
diet. Type and amount of dietary fiber affects the ME
values, digestibility coefficients and intestinal
absorption rates of nutrients including glucose and
fructose in chicken (Longe and Ogedegbe, 1989;
Jorgensen et al. 1996). Yaghobfar (2001) determined
the differences in the energy utilization of adult hens
and cockerels of a layer (Rhode Island Red) and a
broiler line (Cornish). The author showed that
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females of both genetic lines utilized the energy
content of maize more efficiently than males.
The possible influence of dietary type on the
absorption capacity of intestine was excluded in
experiment 2, and all experimental groups received
the same dietary ration. It was noted that YMTM and
YLTF had higher trends of D-xylose absorption when
compared with YLTM, suggesting the level of
demand for dietary nutrients had a major impact on
absorptive function of small intestine. The higher
trend of absorption of ALTF in experiment one, and
YMTM and YLTF in experiment two, was likely
related to the higher nutritional demands for fast body
growth or egg production. On the other hand, ALTM
in experiment one as well as YLTM in experiment 2
had lower trends of absorption compared to the other
groups. This was possibly due to the lower nutritional
demands for body growth and/or sperm production
and mating.
Age might also be responsible for the variations in
intestinal absorption capacity of D-xylose, to some
extent. Although no statistical analysis was carried
out between, experiment one and two, the
experimental groups in experiment one had lower
trends of D-xylose absorption when compared with
the similar groups in experiment two.
Age affects the xylose and glucose absorption
rates in rats, mice, dogs and horses, as after the
administration of D-xylose, younger animals have a
higher concentration level of plasma D-xylose than
older animals (March and Biely, 1971; Chen et al.,
1990; Ferraris, 1997; Weber et al., 2002; Semrad,
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2005). It is possible that the carrier-mediated
transport of D-xylose in older birds is less active than
that of younger birds. Yuasa et al. (1995a,b, 1997) in
a series of studies on the effect of ageing on the
gastrointestinal absorption in rat, reported that the
carrier-mediated transport of the sugar declined with
ageing. The small intestinal transit time in old rats
(171 min) was about twice that in young rats (78 min).
So, if it is true for birds, it may be concluded that
shorter intestinal transit time in younger birds leads to
earlier absorption of orally administered D-xylose.
In conclusion, D-xylose test was shown to be a
sensitive tool for the evaluation of intestinal
absorption capacity of chicken. This test showed
some variations in absorption function of intestine
among the birds with different breeds, sexes, ages,
and nutritional demands. Variations in the absorptive
function of small intestine explains, to some extent,
the differences in ME values and digestibility
coefficients of dietary ingredients in different types
of chickens.
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óBýÞBì okqõéüAq – ÿk ÿA ûk ôo JnW þDBðAõO ok ÙçPgA
1

þÏðB¾pülì kAkpùì | 2ûkõð òvc *1ÿoõ¿ñì kArùG

.óApüA ,óApùO ,óApùO ûBãzðAk þßyrLìAk ûlßzðAk ,oõýÆô ïAk úünÓOô QyAlùG ûôpâ )1
.óApüA ,óApùO ,óApùO ûBãzðAk þßyrLìAk ûlßzðAk ,ÿsõèõürýÖ ûôpâ )|2
| |)1391 ûBì oõüpùy | 20 :þüBùð }pünK , 1391 ûBì kAkpg 31 :úèBÛì QÖBüok|(|

ûlýß^|
:Ùlø .koAk kõWô þüBø|RôB×O qõéüAq – ÿk JnW óArýìpËð qA RBðAõýc ØéPhì ÿBø|úðõâòýG ,kõWõì ÿBø|}oArâxBuApG :úÏèBÇì úñýìq
.QÖpâoApÚ óBdPìA koõì óBýÞBì ØéPhì ÿBø|ûôpâo k qõéüAq – ÿk lñÚ ÿApG à^õÞûkôo þGnW þDBðAõOo k ÙçPgA kõWô ëBíPcA ,{üBìq@– 2o k
ÿA|úÏÇÚ 10 ûôpâ 4 ïôk {üBìq@o k ô oAnãíhO MýO )úP×ø 58( ÔèBG Õ pì ô )úP×ø 48( x ôpg ÿA|úÏÇÚ 9 ûôpâôk ëôA {üBìq@o k :oBÞ }ôo
ïpâõéýÞpø ÿApG 500mg xBuApG )50|mg/mL( qõéüAq – ÿk ëõédì óBøk ÜüpÆ qA )úP×ø 4( ûkBìôpðoAnãíhOô þPyõâMýO ÿBø ú`íýð
àü úÛýÚk 30pø xBuApG þèBG åo ÜüpÆ qA qõéüAq – ÿk ëõédì QÖBüo k qA lÏGpãük úðõíð 5 ô êHÚ óõg úðõíð àü .lðkõíð QÖBüo k ólG óqô
kõg lc òüpOæBG úG qõéüAq – ÿk QËéÒ ëôA {üBìq@ok :YüBPð .lükpâÿpýâ|ûqAlðA BíuçKo k qõéüAq – ÿk QËéÒô lyúPÖpâúÛýÚk 150 BO úðõíð
ô x ôpg ÿApG |R2= 0/7 35( kõG óBìq BG ïôk úWo k þãPvGAô àü ÿAoAkô lýuo þzüBìq@ûôpâôkpøo k ëõédì QÖBüo k qA lÏG úÛýÚk 90 BO 60o k
2
þzüBìq@ûôpâoBù^pø o k ëõédì QÖBüo k qA lÏG úÛýÚk 60 o k kõg lc òüpOæBG úG qõéüAq – ÿk QËéÒ ïôk {üBìq@o k .)Õ pì ÿApG |R =0/801|
2
2
ô þPyõâ Õ pì ú`íýð ÿApG R =0/850 ô þPyõâ x ôpg ú`íýð ÿApG R =0/681( kõG óBìq BG ïôk úWo k þãPvGAô àü ÿAoAk ô lýuo
2
2
kAk óBzð qõéüAq – ÿk {üBìq@:þüBùð|ÿpýâúXýPð .)oAnãíhO Õ pì ú`íýð ÿApG |R =0/748| ô oAnãíhO x ôpg ú`íýð ÿApG |R =0/695
.lyBG|þì RôB×Pì ÿA|úünÓO ÿBøqBýðô òýñu,Bø wñW ,BøkAtð BG óBâlðpKo k ûkôo JnW êíÎ þGBüqoA ÿApG xBvc þyôo úÞ
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