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Abstract:

BACK GROUND: According to literature, there are differences
among different species of animalsin respect to absorption of D-
xylose. OBJECTIVES: In two experiments, the differences that
might exist in absorptive capacity of small intestine for D-xylose,
indifferenttypesof chickenweretested. METHODS: I nexperiment
one, 2groupsof nineadult layer typemales(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 D-
xylose solution (50 mg/mL, 500 mg/kg BW), orally. One blood
samplebefore, and 5 othersimmediately after theadministration of
D-xylose solution, were taken from wing vein of the birds at 30
minuteinterval sfor 150 minutes, and theconcentration of D-xylose
in plasmawas measured. RESULTS: In experiment one, D-xylose
concentration reached its peak at 60 to 90 min in both adult males
and females, and followed aquadratic trend with time (r2 for adult
males = 0.735 and adult females = 0.801). In experiment two, D-
xyloseconcentrationreacheditspeak at 60 minfor al experimental
groupsand followed aquadratic trend with time (r2 for broiler type
male=0.681, broiler typefemale=0.850, layer type male = 0.695
andlayertypefemale=0.748). CONCL USIONS: D-xylosetest was
shown to be a sensitive tool for the evaluation of intestinal
absorption capacity of chicken. Thistest revealed that there were
somedifferencesinabsorptionfunctionof intestineamongthebirds
with different breeds, sexes, ages, and nutritional demands.

I ntroduction

Literature indicates that there are some
differencesin metabolisableenergy (ME) valuesand
digestibility coefficientsof asame dietary ingredient
between broiler and table egg layer strains of
chickens (Spratt and Leeson, 1987) as well as
between broilersof different ages(Floreset 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
withdifferent dietary needsand/or physiological and
environmental status.
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D-xyloseabsorptiontest hasprovento beauseful
indicator of intestinal absorptivefunctioninanimals
(Sorensenetal ., 1997; Rutgers, 2005; Semrad, 2005).
In healthy animal, D-xylose passes the intestinal
brush border membraneviatrans-cellular pathway as
well as diffusion and/or solvent drag through para-
cellular pathway (Sadowski and Meddings, 1993,
Scharrer and Grenacher, 2000; Chediack et a ., 2003;
Changand Karasov, 2004; Chang et al., 2004). Small
intestine of chicken absorbs D-xylose amost
completely, thusany changein plasmaconcentration
of D-xylose over a 3-h period is quite indicative of
absorption capacity of intestinal tract (Schutteet al.,
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1991; Doerfler etal., 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 intestineexplains, atleastin part, thedifference
inME valuesand digestibility coefficientsof dietary
ingredients among the broiler and layer type
chickens, laying hensand adult cockerels.

Materialsand M ethods

This study was conducted in two consecutive
experiments at the Poultry Station, Veterinary
Research Institute, Faculty of Veterinary Medicine,
University of Tehran, Tehran- Iran.

Theexperimental procedurewas 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 15959 = 202. All birds were kept
individually inraised floor wirecages, 30x40x40cm
indimension, 7 daysbeforesamplinginorder toadapt
tothenew environmental condition. Both groupshad
free access to fresh water and their respective
commercial maize-soy meal based diets (Tablel).
Diets were formulated according to the nutrient
regquirements of white laying type males or females
(NRC, 1994) and met or exceeded all nutrient
requirementsof thebirds.

Experiment 2 had four groups of 10 individually
identified one-day old chicksasfollows: Group 1and
2, broiler type males and females (YMTM, YMTF)
(Ross 308) with mean body weight of 429+ 2, Group
3and 4, layer typemaeandfemales(YLTM, YLTF)
(Hy-LineW36) withmeanbody 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 M E and 200g/kg crude protein, from day one
(Table 1). The D-xylose absorption test was carried
out onday 28.

All experimental birds were apparently healthy
and survived the experiment.
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D-XyloseAdministrationand M easurementin
Plasma: Food and water were removed from each
group of birds 12h prior-to the first collection of
blood. All birdswereweighedindividually and given
D-xylose solution (50mg/ml of de-ionized water,
FlukaBioChemika95731, FlukaChemieA G, Buchs,
Switzerland.) at thedoseof 500 mg/kg of body weight
viaan ora 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 30minuteintervalsfor 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 Goodwinet al. (1984), using
a spectrophotometer (Model 6100, Jenway LTD,
Felsted, Dunmow, Essex, England, UK), set at
554nm.

Satistical Analysis. Analysisof datawascarried
out using one-way analysisof 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
thefollowing model (Kapsand Lamberson, 2004):

Yi=B0+P1xi +B2x2i +¢i

Where:

Yi = observation i of dependent variable Y (D-
xyloselevel)

Xi =observationi of independent variablex (time)

B0, B1, B2 =regression parameters

€l =random error

All statements of significance were based on a
probability of p<0.05.

Results

Inexperiment one, theplasmaconcentration of D-
Xylosein both ALTM and ALTF reached its peak at
60 to 90 min after the administration of the test
material. Absorption of D-xyloseshowed aquadratic
trend with timein 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. Theingredientsand chemichal composition of thediets. (*) 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 (Cacium 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, lodine 0.87mg, Selenium 0.2mg. (**) The vitamin and mineral premix supplied per kg of diet; VitA 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, FolicAcid 1.0mg, Cholin Chloride500mg, Vit K 2mg, Manganese 99.2mg, Iron 50mg, Zinc
84.7mg, Copper 10mg, lodine 1mg, Selenium 0.2mg.

Ingredients(g/kg) FemaleL ayer Diet MaleL ayer Diet Chick Diet
Corn 548 400 600
Barley 0 390 0
Soy-Bean M eal (44% CP) 270 15 315
Corn Gluten (60% CP) 10 55 10
Wheat Gluten (72% CP) 4 2 9.8
Wheat Bran 0 52 0
VegetableFatty Acid 40 0 28
Oyster Shell 103 13 15
M ethionine (99%) 13 0.5 13
LysineHydrochloride(78%) 0.7 0 0.3
M ono-Calcium Phosphate 10.5 10 10
Calcium carbonate 3.8 25 175
salt 2.55 2.55 2.9
NaBicarbonate 1.0 0.8 0.8
Vit+Min Premix 5* 5* 5 *
Phytase 0.15 0.15 0.15
Nutrient Composition (Calculated)
Metabolisable Energy (kcal/kg) 2820 2710 2970
CrudeProtein 161 132 200
Total Fat 414 26.1 43.0
CrudeFiber 29.2 47.2 36.4
Methionine 45 32 49
Lysine 8.3 6.2 11.3
Methionine+ Cysteine 7.3 55 8.3
Total Calcium 41.8 9.1 9.6
Total Phosphorus 55 5.8 5.8
AvailablePhosphorus 45 45 45
Sodium 18 17 17

Table 2. plasma D-xylose concentration (mg/dl) of adult layer type male (48 weeks old) and femal e 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 TypeMales, ALTF, Adult Layer Type Females; 1, Regression coefficient valuefor thequadratic fitted line.

Omin 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

Satistical Significance (Polynomial Regression LinePlot)

Linear Quadratic Cubic
Fratio p value Fratio pvalue Fratio pvalue R2valuel
ALTM 12.2 0.001 96.8 0.001 421 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 valuefor the quadraticfitted line.

Omin 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
Satistical Significance (Polynomial Regression LinePlot)
Linear Quadratic Cubic
Fratio p value Fratio p value Fratio pvalue R2valuel
YMTM 4.4 0.043 775 0.001 62.4 0.001 0.681
YMTF 17.0 0.001 137.6 0.001 10.9 0.002 0.850
YLTM 12 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 aquadratic correlation with time
for al experimental groups (r2 =0.850for YMTF, r°
=0.748for YLTF,r*=0.695YLTM andr*=0.681 for
YMTM). However, YMTM and YLTF had the
highest, and Y LTM had thelowest trend of D-xylose
absorption.

Discussion

The results of experiment one and two showed
differencesin 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 intestinein experiment one as
thediet for ALTF had higher ME (2820 versus 2710
kcal/kg) and crude protein (161 versus 132g/kg) and
lower crudefiber (29.2 versus47.2 g/kg) thanALTM
diet. Typeand amount of dietary fiber affectstheME
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
thedifferencesin the energy utilization of adult hens
and cockerels of alayer (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 samedietary ration. Itwasnotedthat Y MTM and
Y LTFhad higher trendsof D-xyloseabsorptionwhen
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
relatedtothehigher nutritional demandsfor fast body
growth or egg production. Ontheother hand, ALTM
in experiment oneaswell asYLTM in experiment 2
had | ower trends of absorption compared to the other
groups. Thiswaspossibly duetothelower nutritional
demands for body growth and/or sperm production
and mating.

Agemight alsoberesponsiblefor thevariationsin
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 groupsin 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 d.,
1990; Ferraris, 1997; Weber et al., 2002; Semrad,
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2005). It is possible that the carrier-mediated
transport of D-xyloseinolder birdsislessactivethan
that of younger birds. Yuasaet a. (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
(172 min) wasabout twicethatinyoungrats(78 min).
So, if it istrue for birds, it may be concluded that
shorter intestinal transittimeinyounger birdsleadsto
earlier absorption of orally administered D-xylose.

In conclusion, D-xylose test was shown to bea
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. Variationsinthe 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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