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Abstract:

Low nutritive value and suitability of barley as a feedstuff for
broilersismainly duetoitsnon-starch polysaccharides. Anexperiment
wascarried out to evaluateif dietshighinbarley alter the mechanisms
responsible for the absorption of nutrients across the intestinal
epitheliumof broilers, using D-xyloseabsorptiontest. Thirty, 14-d old
male broiler chicks (Ross 308) with similar body weights (430g + 10)
were randomly divided into 3 groups of 10 birds, each bird as one
replicate. Each group was offered adiet based on maize, high quality
wheat or barley asthemain sourceof carbohydrate, for 14 days. Onthe
last day of the experiment, all birdswereweighed individually and D-
xyloseabsorptiontest wasperformed. Followingthetest, all birdswere
sacrificed and the relative size and weight of digestive tract were
measured. Those birdsfed on barley diet had lower weight gain when
compared with maize or wheat fed birds (p<0.05). There was no
differencein relative weight and size of digestive parts (p>0.05). No
difference was also observed in absorption capacity of small intestine
for D-xylose between the experimental groups (p>0.05). It was
concluded that the differences observed in weight gain among the
experimental groups was not related to the absorption capacity of
intestine as this parameter was not changed. It appears that, in short
term, barley antinutrients show their negative effect on growth
performance of the birdsby other means.

Introduction

Barley (HordeumvulgareL.)isaningredientwith
low acceptability in broiler feed, because it's low
nutritional value. Barley containsphenolic acidsand
phytates to some extent, however, the magjor anti-
nutritional factor detractingfromitsnutritional value
for broilers is non-starch polysaccharides (NSP),
mainly (1,3-1,4)-B-glucan (Jood and Kalra, 2001;
Ravindranet al., 2007; Garciaet al ., 2008).
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The negative influence of NSPs on the digestion
and the absorption of dietary nutrients including
glucose due to an increase in digesta viscosity is
extensively studied (Rainbird et al., 1984; Eastwood
and Morris, 1992; Wood et al., 1994; Elliset d.,
1996). Theviscosity of theintestina contentsincreases
exponentialy as the concentration of dietary NSP
increases (Eastwood and Morris, 1992; Elliset al.,
1996). Thereisno evidence indicating diets containing
high amounts of barley, affect the mechanisms
responsible for the absorption and transfer of
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nutrientsacrosstheintestinal epithelium of chicken.

D-xylose absorption test is a useful indicator of
intestinal absorptivefunctioninanimals(Sorensen et
al., 1997; Rutgers, 2005; Semrad, 2005). In healthy
animal, D-xylose, similar to D-glucose, passes the
intestinal brush border membrane via trans-cellular
pathway as well as diffusion and/or solvent drag
through para-cellular pathway (Scharrer and
Grenacher, 2000; Chediack et al., 2003; Chang and
Karasov, 2004; Changet al., 2004). Small intestine of
chicken absorbs D-xylose almost completely, thus
any changein plasmaconcentration of D-xyloseover
a 3-h period is quite indicative of the absorption
capacity of intestinal tract for D-xylose and similar
dietary nutrients (Schutteet a., 1991; Doefler etal.,
2000).

Thisstudy aimedtoeval uatetheshort termeffects
of diets containing maize, high quality wheat or
barley ontheweight gain of broiler chickens, relative
weights and length of digestive tract and the
absorption function of small intestine. The
hypothesis for the latter parameter was that the
antinutritional factors of barley might interfere with
the mechanisms responsible for the intestinal
absorption of dietary nutrients. Absorption function
of small intestine was measured by D-xylose
absorptiontest.

M aterialsand M ethods

Theexperimental protocol wasin agreement with
thestandardsfor animal experimentsapproved by the
Animal Care and Use Committee of Faculty of
Veterinary Medicine, University of Tehran.

Day-old Ross-308 male broiler chicks were kept
in acontrolled environment (temperature decreased
gradualy from 32 to 26°C) and received a
commercia maize-soybean meal based starter diet
until they were 14 d old. At this age, 30 chicks, in 3
groups of 10 birds with similar weights (430g + 10)
were randomly assigned to dietary treatments and
were transferred to battery cages. The cages
(90x60x40cmindimensions) werelocatedinaroom
with 23 h light/day and ambient temperature (+
24°C). All groups were provided one of 3
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experimental diets varying in carbohydrate source
until the end of the experiment (day 28).
Experimental diets contained maize as the sole
source of carbohydrate or substituted with high
quality wheat or barley at therate of 40% of total diet
(Table 1). All dietswere formulated to beiso-caloric
and iso-nitrogenous and meet or exceed all required
nutrientsfor thebird (NRC, 1994). Birdswere given
free accessto fresh water aswell asthe diets, which
were provided asmash.

Onthelast day of experiment (day 28), feed and
water wereremoved from each group of thebirdsand
the weight of remained food for each group was
recorded. All birds were weighed individually and
feed conversion efficiency (FI/WG) was calcul ated.
Twelvehoursafter feedremoval, all birdsweregiven
D-xylose solution (50mg/ml of de-ionized water,
FlukaBioChemika95731, FlukaChemieAG 25 CH-
9470 Buchs Switzerland) at the dose of 500
mg/kgBW via an oral gavage. One-blood sample
before, and 5 othersafter theadministration of thetest
material, were collected by wing (ulnar) vein
puncture using heparinised micro-haematocrit
capillary tubes (Code - No 9100260, Hirschmann
Laborgerate Techcolor, Germany), on 30 minute
interval sfor 150 minutes. Thetubeswerecentrifuged
and plasma was collected. The concentration of D-
xylose in plasma was measured according to the
method of Eberts et a. (1979) and modified by
Goodwin et al. (1985), using a spectrophotometer,
(Model 6100, Jenway LTD, Felsted, Dunmow, CM6
3LB, Essex, England, UK) set at 554nm.

At the end of blood collection, al birds were
sacrificed humanely by cervical dislocation and the
gastro-intestinal tract (GI T) of each bird wasquickly
removed. The weights of empty proventriculus,
gizzard, duodenum plus pancreas, jejunum plus
ileum, and caecum were measured. The lengths of
duodenum, jejunum plus ileum, and caecum were
also recorded. Weights of digestive organs (g/100g
BW) and length of intestinal parts (cm/100g BW)
were expressed relative to the respective live body
weight of thebirds.

Satistical Analysis. Analysisof datawascarried
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Table1: Ingredientsand nutritional composition of theexperimental diets. *, Thevitaminand mineral premix supplied per kg of diet; Vit
A 100001U, Vit D3 2400IU, Vit E 181U, Vit B1 1.8mg, Vit B2 6.6mg, Vit B3 (Calcium Panthotenate) 10mg, Vit B5 (Niacin) 30mg, Vit
B6 3mg, Vit B12 0.015mg, Biotin 0.1mg, Folic Acid 1.0mg, Cholin Chloride 600mg, Vit K 2mg, Manganese 100mg, Iron 50mg, Zinc

84.7mg, Copper 16mg, lodine 1mg, Selenium 0.2mg.

Diet Ingredients (gkg-1) Barley Diet Wheat Diet MaizeDiet
Maize 189 220 554
Wheat - 400 -
Barley 400 - -
Soybean Meal 315 294 356
Vegetable Oil 55 25 25
Di-Calcium Phosphate 155 17 17
Calcium Carbonate 125 9.5 9.5
Salt 3.6 3.6 3.6
Vitamin Premix* 25 25 25
Mineral Premix** 25 25 25
DL- Methionine (99%) 22 25 2.0
L- LysineHCI (78%) 2.0 3.25 1.63
Sand - 20 26
Nutritional Composition
(calculated)
Metabolisable Energy (kcalkg ) 2880 2880 2880
CrudeProtein 203 203 203
Total Fiber 48.3 374 37.1
Polysacchrides 39.2 317 294
Ligninand Others 9.1 5.7 7.7
Ether Extract 66.5 42.6 459
Methionine 53 53 53
Methionine+ Cystine 8.6 8.6 8.6
Lysine 12.2 12.2 122
Threonine 75 75 75
Sodium 17 17 17
Calcium 8.8 8.8 8.8
Available Phosphorus 45 45 45
out using one-way analysisof variance (ANOVA) of
Minitab system (Minitab 13.2 statistical package, Results

Minitab Inc. State College, 2000). The treatment
means of each variable were separated using the
Fisher'sL SD test.

Polynomia regression analysis was used to
investigate the relationship between plasma D-
xylose level (mg/dl) and time (min) using the
following model (Kapsand Lamberson, 2004):

Yi=B0+Pyx; +B2xXi +¢

Where:

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

X; = observationi of independent variablex (time)

Bo, B1, B2 = regression parameters

g =randomerror

All statements of significance was based on a
probability of p<0.05.
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Theinfluence of barley, wheat or maize asthe
main sources of dietary carbohydrates on WG,
FI/WG of the experimental birds, therelative length
of intestinal partsand therelativeweight of digestive
tract, ispresentedin Table 2.

Weight gainwaslower inbirdsreceived barley in
comparison to the birds received wheat or maize.
However, therewasno differencein FI/WG between
the experimental groups.

No difference was noted in relative length of
intestinal  parts (cm/100g BW) among the
experimental groups. Therewasalsonodifferencein
relativeweight of digestivetract (g/100g BW) among
the experimental groups.

Table 3, shows the level of plasma D-Xylose
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Table 2: Influence of diets containing barley, wheat or maize as the main source of carbohydrate on the weight gain, feed efficiency,
relativeweight of digestivetract (g/100g BW) and relativelength of intestine (cm/100g BW) in broilersfrom day 14to 28. A,b; Means

with different superscriptsin each row are significantly different (p<0.05). SEM; Standard error of mean.

Barley Wheat Maize Prob SEM

Weight Gain (g) 844a 925h 946b 0.015 243

Feed Intake/Weight Gain 1.66 1.62 1.59 0.640 0.048

Relative Length of Intestine

Duodenum 2.09 1.90 201 0.132 0.064

Jejunum + lleum 9.63 9.59 9.87 0.628 0.215

Cecum 113 112 113 0.976 0.037

Duodenum + Jejunum + lleum 11.7 115 119 0.548 0.25
Relative Weight of Digestive Organs

Proventriculus 0.432a 0.435a 0.489b 0.050 0.017

Gizzard 2.29 2.26 2.40 0.473 0.078

Duodenum + Pancreas 1.07 1.08 112 0.747 0.044

Jejunum + [leum 2.76 2.86 2.89 0.536 0.086

Cecum 0.59 0.51 0.56 0.260 0.035

Table 3: plasma D-xylose level (mg/dl) of broilers (28 day old) after administration of D-xylose solution (500 mg/kg BW) on 30min
interval, for 150min. Birds received diets containing barley, wheat or maize as the main source of dietary carbohydrate from day 14 to
28.*, Mean + Standard Error of Mean (n = 10); 1, Regression coefficient for thequadratic fitted line.

Omin 30min 60min 90min 120min 150min
Barley 0 69.5+ 3.91* 85.0+£3.27 73.1+£2.27 542+241 426+1.84
Wheat 0 74.4+5.13 79.3+4.92 69.1+3.71 58.3+3.29 43.7+2.46
Maize 0 66.0+4.92 87.8+4.13 63.5+£5.20 44.1+3.15 34.2+2.50

Statistical Significance (Polynomial Regression LinePlot)
Linear Quadratic

Fratio Pvalue Fratio Pvalue R2valuel
Barley 4.9 0.032 187.4 0.001 0.79
Wheat 53 0.025 109.0 0.001 0.69
Maize 11 0.305 112.2 0.001 0.68

(mg/dl) of experimental birds on 30min interval for Discussion

150min post-ingestion of D-xylose. Dietary sources
of carbohydrates had no influence on the level of
plasma D-xylose of experimental birds at each time
of blood sampling. Plasma D-xylose showed similar
trendsof concentrationfor all groups. Itreachedtoits
peak at 60min post- ingestion of D-xylose solution
and then gradually declined. Similar quadratic
correlations were a'so noted between the concentration
of plasmaD-xyloseandtimeamongtheexperimental
groups.
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The estimated nutritional compoasition of the
experimental diets(Table 1) showsthat thediet high
in barley contains more NSP than maize or high
quality wheat based diet. As mentioned before, the
main part of NSP in barley is (1,3-1,4)-B-glucan
(JoodandKalra, 2001; Ravindranetal.,2007; Garcia
etal., 2008).

Negativeinfluenceof barley ontheweight gain of
thebirdsinthestudy presented herewasinagreement
with the previous reports (Almirall et a., 1995; Von
Wettstein et al., 2000; Jozefiak et al., 2006; Thomas
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and Ravindran, 2008).

Barley endosperm cell wallsismainly composed
of water-soluble (1= 3,1»4) -B-D-linked
glucopyranosyl-monomers, known as 3-Glucan. 3-
Glucan is responsible for the high viscosity of -
glucan solutions (Wang et al., 1992; Wood et d.,
1994; Von Wettsteinet a ., 2000; Panahi et al., 2007).

It isknown that dietary NSPs produce alterations
to theintestina mucosa and influence the morphol ogy,
weight and size of gastrointestinal tract (lji, 1999;
Yamauchi, 2002; Ao and Choct, 2004). It is
hypothesized that the differences in performance
generally observed between different cereal-based
diets are partly related to differences in relative
gastrointestinal tract size and intestinal morphol ogy.
However, thestudy presented herefailed to show any
difference in the relative size and/or weight of
digestive organs among the experimental groups
possibly because the duration of the experiment was
not long enough (14 days) to produce such effects.
Changes in the morphology of intestinal wall
reported by others (Sharma et a., 1997; Yasar and
Forbes, 2000; Mathlouthi et a., 2002; Yamauchi,
2002) arerelated to adaptive changesin theintestine
and highly likely the long term effects on digestive
and absorptive processes caused by dietary NSPs.
Whereas, in short term, the paramount reasons for
lower weight gain of the hirds fed on barley when
compared to maize or wheat, might be that the NSPs
of barley in GI lumen dlow the diffusion or mobility
of enzymes and substratesto the absorptive surfaces
due to high viscosity of digesta. The content of ?-
glucan and other NSPs in the diet is positively
correlated with gut viscosity and inversely related to
nutrient utilization (Bedford et al., 1991; Annison,
1992; Li et al., 2004). Besides, Thomas and
Ravindran (2008), reported that the performance
differencesobserved between broilersfeddietsbased
ondifferent cerealswerenot related to differencesin
gastrointestinal tract weights or intestina morphology,
as these parameters were unaffected by the dietary
cereal type.

Similar trends of plasma D-xylose concentration
among theexperimental groupsinthisstudy indicate
that barley antinutrientshad no effect on mechanisms
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responsible for the absorption and transfer of
nutrients across the intestinal epithelium. In a study
on man by Flourie et a. (1984), apple pectin did not
ater the intestinal glucose dependent sodium
transport. Theauthorssuggested that pectinimpaired
intestinal absorption by means of an increased
unstirred layer resistance.

Itisknownthat dietary NSPshave negative effect
on the physical mixing of dietary substrates and
enzymes, thereby reducing rates of digestion and
movement of nutrientsfromthelumentothemucosal
epithelium (Tovar et al., 1991; Brennan et al., 1996;
Elliset al., 1996). Viscous digesta produces |aminar
or 'stream-line flow, rather than turbulent or
disorderly flow, a characteristic of less-viscous
fluids. As a result, viscous digesta alters efficient
mixing of substrate-enzymeintheGl tract. Laminar-
type mixing under viscous conditions would also
reducetherateat which nutrientsare presented to the
epithelial surface and are then absorbed (Elliset al.,
1996). Thus, B-glucans may impair intestinal
absorption of nutrientsby meansof anenlargement of
the unstirred water layer adjacent to epithelia cells
(Flourieetal.,1984; Rainbirdetal., 1984; Fuseetdl .,
1989).

Inthestudy presented here, thediet containing 40
percent barley, had no effect on size, weight and the
absorption capacity of thegut. Thusit can be concluded
that, in short term, the primary mechanisms by which
barley exerts its antinutritive properties would be
highly likely areduction in digestion of the dietary
ingredients through an alteration in mixing of
digestive enzymes with dietary substrates in the
intestinal lumen and/or lower diffusion and mobility
of nutrientsto the absorptive surfaces dueto digesta
highviscosity.
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