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*Institute of Nutrition, Department of Veterinary Public Health and Food Science, and †Institute of Histology and
Embryology, Department of Pathology, University of Veterinary Medicine, Veterinärplatz 1, A-1210 Vienna, Austria

ABSTRACT Inulin, a prebiotic, is a fermentable oligo-
saccharide that may affect the intestinal mucosal architec-
ture and the electrophysiological parameters. The effects
of a diet with added inulin were tested on the jejunal
morphology and electrogenic transport of Glc and Gln
from the jejunal mucosa in broilers. Short-circuit current
and transmucosal tissue resistance of jejunal flaps were
measured in Ussing chambers. The feeding experiment
was carried out in broilers (n = 40) using 1% inulin with
an application period of 5 wk. The inulin-containing diet
resulted in longer jejunal villi (P < 0.05) and deeper crypts
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INTRODUCTION

Oligosaccharides that are not hydrolyzed by the diges-
tive enzymes in the upper digestive tract of a host enter
in the hindgut, where they are fermented by the intestinal
microbiota. Inulin, a prebiotic polyfructan, extracted from
chicory (Cichorium intybus), contains molecules with a de-
gree of polymerization (DP) of 3 to 60, average DP being
10 (Crittenden, 1999). Therefore, it contains both, oligosac-
charide components and polysaccharides. Because of the
β (2→1) glycosidic bond, it is resistant to host-derived
digestive enzymes. Inulin has been reported to decrease
the cecal concentrations of Escherichia coli, Salmonella spp.,
and Campylobacter spp. in broilers (Yusrizal and Chen,
2003) and to increase Bifidobacterium spp. (Rada et al., 2001).
Inulin supplementation of broiler diets has been found
to increase the concentrations of jejunal lactate and cecal
butyrate (Rehman et al., 2006b). No information exists re-
garding the effects of inulin on the histomorphology of the
small intestine, though a few reports are available showing
that villus height of the small intestine is increased in
broilers supplemented with fermentable carbohydrates
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(P < 0.01) than in control birds without affecting vil-
lus:crypt depth. Basal short-circuit current value re-
mained unaffected by dietary treatment. Inulin supple-
mentation did not modify the electrogenic transport of
Glc and Gln in the jejunal mucosa. The basal value of
transmucosal tissue resistance was significantly lower (P
< 0.001) in the inulin-fed group compared with the control
group. In conclusion, inulin supplementation affected the
jejunal mucosal architecture but did not modify the elec-
trogenic transport of Glc and amino acid under present
experimental condition.

like fructooligosaccharides (FOS; Sonmez and Eren, 1999;
Xu et al., 2003) and mannan oligosaccharides (MOS; Iji et
al., 2001). Kleessen et al. (2003) demonstrated that supple-
mentation of dietary fructans (mixture of FOS and inulin
at 1:1) in different rat models (germ-free rats, rats associ-
ated with human fecal flora, and rats harboring Bifidobact-
erium longum and Bacteroides vulgatus) resulted in higher
villi and deeper crypts in the jejunum of human fecal flora-
associated rats but not in germ-free rats. The jejunal villus
height was also higher (P < 0.05) in the rats harboring B.
longum and B. vulgatus without affecting crypt depths of
jejunum or distal colon.

It is assumed that an increased villus height is paralleled
by an increased digestive and absorptive function of the
intestine due to increased absorptive surface area, expres-
sion of brush border enzymes, and nutrient transport sys-
tems (Pluske et al. 1996). No information is available re-
garding the effect of inulin on the intestinal morphological
changes in broilers and in vitro absorptive capacity of Glc
as well as amino acids from the jejunal mucosa.

Therefore, the objective of this study was to investigate
the potential effects of inulin on the jejunal mucosal archi-
tecture and electrophysiological tissue parameters, Na-de-
pendent Glc, and Na-dependent Gln transport.

MATERIALS AND METHODS

Forty 1-d-old broilers of a commercial strain (Ross 308),
procured from a commercial hatchery (Geflügelhof Schulz,
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Table 1. Ingredient percentages and analysis of basal diet

Ingredients Composition

Corn 50.50
Soybean meal 30.00
Wheat 10.00
Potato protein 3.00
Soybean oil 1.40
NaCl 0.10
Vitamin-mineral mixture1 5.00
Analyzed composition (DM)

DM (%) 87.9
Ash (%) 6.6
Crude fiber (%) 1.5
CP (%) 24.9
Crude fat (%) 3.5
Calculated ME (kcal/kg) 2,820

Minerals (%)
Ca 1.08
P 0.87
Mg 0.26
Na 0.33
K 1.27

1BR 5 Universal Vetmed, Biomin GmbH, Herzogenburg, Austria. Each
kilogram contains Ca, 196 g; P, 64 g; Na, 30 g; Mg, 6 g; Cu, 400 mg;
Zn, 1,200 mg; Fe, 2,000 mg; Mn, 1,200 mg; Co, 20 mg; I, 40 mg; Se, 8
mg; vitamin A, 200,000 IU; vitamin D3, 80,000 IU; vitamin E, 1,600 mg;
vitamin K3, 34 mg; vitamin C, 1,300 mg; vitamin B1, 35 mg; vitamin B2,
135 mg; vitamin B6, 100 mg; vitamin B12, 670 �g; nicotinic acid, 1,340
mg; calcium pantothenic acid, 235 mg; choline chloride, 8,400 mg; folic
acid, 34 mg; biotin, 3,350 �g; and Met, 30 g.

Schulweg, Austria), were randomly divided into 2 groups
(control and inulin), each comprising 20 birds. The birds
were housed in wire-bottomed pens fitted with electrical
heaters during the 35-d experimental period. The tempera-
ture started at 33°C (from d 0 to 3) and was gradually
reduced according to normal management practice (2 to
3°C/wk). Chicks were maintained on a 24-h constant light
schedule until the end of the experiment. The experiment
was conducted under the permission of the Federal Minis-
try for Education, Science and Culture, Vienna, Austria,
vide letter no. GZ 68.205/69-BrGT/2004.

Diets

Chicks in the control group were fed a basal diet, which
was mainly comprised of corn and soybeans (Table 1).
The inulin group was fed the basal diet with 1.0% inulin
(Raftiline-GR with DP 2 to 60, average being 10 to 12, Orafti
Active Food Ingredients, Tienen, Belgium). According to
the manufacturer, the inulin mixture contained pure inulin
(90 to 94%), Glc, Fru (0 to 4%), and sucrose (4–8%). The
inulin was supplemented at the expense of corn. The feed
was devoid of any coccidiostats or antibiotics. Feed and
water were provided ad libitum.

Histomorphology of the Jejunum

On d 35, 10 birds from each group were randomly se-
lected and killed by cervical dislocation. The tissue samples
for histology were taken from the jejunum at the junction
of the Meckel’s diverticulum and fixed in 4% buffered
formalin for 2 d. The processing consisted of serial dehy-

dration, clearing, and impregnation with wax. Tissue sec-
tions, 5-�m thick (3 cross-sections from each sample), were
cut by a microtome and were fixed on slides. A routine
staining procedure was carried out using hematoxylin and
eosin. The slides were examined on an Olympus AX70
microscope (Olympus Corp., Tokyo, Japan) fitted with a
digital video camera (Sony DXC-930P, Sony, Tokyo, Ja-
pan). The images were analyzed using stereological image
software, CAST Image System (Version 2.3.1.3, Visio-
pharm, Hørsholm, Denmark). A total of 15 intact well-
oriented, crypt-villus units were selected randomly for
each sample. The mean values attributed to individual
birds were used in the statistical analysis. Villus height
was measured from the tip of the villus to the villus-crypt
junction, whereas crypt depth was defined as the depth
of the invagination between 2 villi.

Nutrient Transport Activity

On d 35, 8 birds from each group, were killed at the
Institute of Nutrition, University of Veterinary Medicine,
Vienna, Austria. The jejunum was then removed within 3
min after exsanguination, rinsed several times with ice-
cold Ringer buffer (4°C), and transported in ice-cold oxy-
genated buffer to the laboratory.

Preparation of Tissue. The segments were taken from
jejunum at the junction of the Meckel’s diverticulum, and
tissue flaps were prepared by the method as described
earlier (Awad et al., 2005; Rehman et al., 2006a). The intesti-
nal segment was opened longitudinally along the mesen-
teric border and washed free of intestinal contents several
times with Ringer solution at 4°C. Tissues were placed in
the cold Ringer buffer and gassed with carbogen (O2 and
CO2, ratio 95:5) until they were mounted in the Ussing
chamber.

Measurements of Electrophysiological Traits. Short-
circuit current (Isc) and transmucosal tissue resistance (Rt)
were measured in Ussing chambers with a microprocessor
system based on a voltage-current clamp device (Mussler,
Microclamp, Aachen, Germany). The serosa and muscu-
laris were stripped manually to obtain a mucosa-submu-
cosa preparation of the jejunum. Thereafter, the epithelial
sheets were mounted in the modified Ussing chambers
with an exposed tissue area of 1 cm2. The serosal and
mucosal surfaces of the tissues were bathed in 5mL of
Ringer solution with the following composition (mmol/
L): CaCl2, 1.2; MgCl2, 1.2; Na2HPO4, 2.4; NaH2PO4, 0.4;
NaHCO3, 25; KCl, 5; NaCl, 115; and mannitol, 10. The pH
was adjusted to 7.4. The bathing medium in the chambers
was aerated with 95% O2 and 5% CO2 and maintained at
38°C in a water bath (Julabo USA Inc., Allentown, PA).
The solution was continually stirred and oxygenated by
bubbling into the chamber by means of a gas lift. The
electrode potential and the solution resistance were deter-
mined at the beginning of experiment and were automati-
cally corrected before tissues were placed in the chamber.
The tissues were first incubated under open circuit condi-
tions for 30 min. for equilibration and then were short-
circuited by clamping the voltage at 0 mV to measure Isc
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Table 2. Effect of inulin supplementation on histomorphological param-
eters of the jejunum in broilers (n = 10)

Groups

Parameters Control Inulin Probability

Villus height (�m) 781.6 ± 50.96 941.2 ± 37.71 0.022
Crypt depth (�m) 199.3 ± 8.20 260.5 ± 4.78 0.001
Villus height:crypt depth 3.94 ± 0.22 3.63 ± 0.18 0.298

and Rt. After the stabilization, the buffer solution in the
mucosal side was replaced with 10 mmol/L of D-Glc in-
stead of mannitol. The electrical response was measured
as the peak response obtained 1 min after the addition of
Glc. For Gln transport, the amino acid-containing buffer
in the mucosal side was substituted for mannitol buffer
(final concentration: 10 mmol/L) after the stabilization of
tissue. Electrical response was observed as the peak re-
sponse after 1 min of replacement of mucosal buffer with
amino acids. Six jejunal strips (3 each for Glc and Gln,
respectively) were prepared from individual birds in each
set of experiment. Unless otherwise stated, all the chemi-
cals used in the study were from Sigma-Aldrich, Mu-
nich, Germany.

Statistics

Statistical analyses were conducted with the Statistical
Package for Social Science (SPSS for Windows Version 12,
SPSS GmbH, Munich, Germany) to determine if variables
differed between groups. The Kolmogorov-Smirnov test
was used to test the normal distribution of the data before
statistical analysis was performed. Results are expressed
as means ± SE. For histomorphological parameters, an
unpaired t-test was used between 2 groups. For electrical
parameters (nutrient transport study), an unpaired t-test
was used to find the difference between 2 groups before
and after the addition of Glc and Gln, whereas a paired
t-test was used to evaluate the effects of both substrates
after their addition on Isc and Rt. Probability values of
less than 0.05 (P < 0.05) were considered significant.

RESULTS

The BW of the control group and the inulin-fed group
were comparable on d 0 (40.0 ± 0.75 g and 40.2 ± 0.65 g)
and d 35 (1,798.5 ± 51.4 g and 1,809.1 ± 25.5 g). The villus
height of the jejunal mucosa was higher (P < 0.05) for birds
fed the diet supplemented with inulin compared with the
control group (Table 2). Inulin supplementation also in-
creased (P < 0.01) the crypt depth, however, no dietary
effect was apparent for villus height:crypt depth for jeju-
nal mucosa.

Inulin did not modify the basal Isc value, because no
significant difference was noted between both groups. Ad-
dition of Glc in the mucosal compartment resulted in an
increased (P < 0.01) Isc in both groups compared with
respective basal Isc values. The tissues obtained from birds
fed the inulin supplementation had a comparable increase

of Isc after the addition of Glc as the jejunum from the
control group (Table 3). Similarly, application of Gln in
the mucosal side of the chamber also increased Isc (P <
0.001) compared with the basal value in both groups. The
electrogenic current (Isc) induced by the mucosal applica-
tion of Gln was not statistically different in both groups
(Table 3). The basal value of Rt was lower (P < 0.01) in
the inulin-fed group compared with control group (Table
4) before addition of either Glc or Gln (Table 4). The cumu-
lative basal value of Rt was lower (P < 0.001) in the group
supplemented with dietary inulin (69.0 ± 4.3Ω.cm2) com-
pared with the control group (119.6 ± 9.7Ω.cm2) when data
of each group (8 birds each) were pooled.

DISCUSSION

The present study shows changes in the mucosal archi-
tecture in terms of increased villus height and deeper
crypts in birds fed with an inulin-supplemented diet. The
intestinal mucosal architecture can reveal useful informa-
tion on the intestinal function. Shorter villi have been asso-
ciated with the presence of toxins such as deoxynivalenol
(Awad et al., 2006). The nutrient absorption can be de-
creased due to shortening of the villi, whereas crypts can
be regarded as the production site where stem cells divide
to permit renewal of the villus. Deeper crypts indicate fast
cellular turnover to permit renewal of the villus as needed
in response to normal sloughing or inflammation from
pathogens or their toxins and high demands for tissue
(Yason et al., 1987; Anonymous, 1999). A shortening of the
villi and deeper crypts may lead to poor nutrient absorp-
tion, increased secretion in the gastrointestinal tract, and
lower performance (Xu et al., 2003). On the other hand,
increased villus length means that more energy and nutri-
ents would be required for faster turnover of the gut mu-
cosa. Providing the extra nutrients for higher mucosal
growth may be at the cost of energy required for perfor-
mance. There is a dearth of reports regarding the influence
of inulin on the histomorphology of the intestine in broil-
ers. Results of the present study demonstrated that villus
height and crypt depth were higher in the inulin-supple-
mented group (Table 2). Feeding of FOS (0.4%) has been
reported to increase the ileal height, crypt depth, and villus
height:crypt depth in broilers (Xu et al., 2003). Similarly,
MOS has been found to increase the villus length of the
small intestine in broilers (Sonmez and Eren, 1999; Iji et

Table 3. Effect of inulin supplementation on short-circuit current (�A/
cm2) of the jenunal mucosa in broilers before and after Glc or Gln
addition (n = 8)

Groups

Parameters Control Inulin Probability

Glc addition
Basal −1.3 ± 11.6 −2.6 ± 9.1 0.931
After Glc addition 20.0 ± 11.1 14.8 ± 9.2 0.726

Gln addition
Basal −1.3 ± 5.2 −1.4 ± 10.0 0.991
After Gln addition 19.0 ± 5.0 20.6 ± 10.4 0.887



RESEARCH NOTE 121

Table 4. Effect of inulin supplementation on tissue resistance (Ω�cm2)
of the jenunal mucosa in broilers before and after Glc or Gln addition
(n = 8)

Groups

Parameters Control Inulin Probability

Glc addition
Basal 139.2 ± 17.7 74.4 ± 6.1 0.004
After Glc addition 137.7 ± 19.6 73.2 ± 6.6 0.009

Gln addition
Basal 108.3 ± 10.9 65.3 ± 5.9 0.003
After Gln addition 112.5 ± 12.2 70.4 ± 5.4 0.004

al., 2001). Kleessen et al. (2003) demonstrated that supple-
mentation of dietary fructans increased the jejunal villus
length and crypt depth in human-flora-associated rats
without affecting germ-free rats.

The small and large intestines of domestic birds have
high absorptive rates for water and electrolytes. The net
movements of ions are responsible for the electrical current
across the epithelium. In the intestine, there are 2 mecha-
nisms for the absorption of D-Glc and amino acids, paracel-
lular (passive diffusion) and transcellular transport (Gar-
cia-Amado et al., 2005). In the former, no input of energy
is required, whereas for the transcellular transport, energy
is required for the absorption of Glc mediated by the Na-
Glc cotransporter-1 and amino acids via carrier proteins
in the apical and basolateral membranes of the epithelial
cells (Pappenheimer, 1993). The chicken has capacity for
transcellular transport of D-Glc and amino acids in the
small intestine and colon (Dyer et al., 1997; Soriano and
Planas, 1998; Garriga et al., 1999; Soriano-Garcia et al.,
1999). The jejunum is the most efficient segment for Na-
mediated uptake of Glc and amino acids through carrier
proteins (Amat et al., 1996). Glucose and amino acids are
absorbed from the intestinal lumen by active transport,
coupled with Na+. Addition of theses substrates to the
mucosal side of the intestinal tissue stimulates the carrier-
mediated transport proteins along with increased uptake
of luminal Na+. The brush border membrane depolariza-
tion and rise in cytosolic Na concentration stimulate the
Na+-K+ adenosine triphosphatase, which, in turn, increases
the net flux of Na from the luminal to the serosal side.
These events modify the electrical variables of the intestinal
tissues and increase Isc (Shimada and Hoshi, 1986; Wright
et al., 1994, Amat et al., 1999; Awad et al., 2005; Garcia-
Amado et al., 2005). The result of the present study reveals
nonsignificant difference in basal Isc in both groups (Table
3). This is in accordance with the findings of Breves et al.
(2001), who observed no effect on basal and forskolin-
stimulated Isc in the jejunal mucosa of pigs supplemented
with 2 different types of oligosaccharides. Nancy et al.
(2003) also could not find differences in basal Isc for the
jejunum and colon of pigs supplemented with different
oligosaccharides compared with the control group. Our
results showed that the jejunal transport of Glc by the
brush border Na-Glc cotransporter was not significantly
altered by the experimental diet (Table 3). As far as we
know, no information exists regarding the influence of

inulin on the electrical variables of the intestine in broilers.
The results of this study are in agreement with Nancy et
al. (2003), who demonstrated that mucosal application of
Glc in the jejunal, ileal, and colon tissue of FOS-fed pigs
did not induce any significant increase in Isc vs. the control
group. In contrast, Breves et al. (2001) observed that Glc
stimulation of Isc was higher (P < 0.05) in the oligosaccha-
ride-fed groups in the proximal jejunum but not in the
distal jejunum of pigs. It is an established fact that Gln
absorbs Na+ from the intestinal mucosa by 2 mechanisms,
an electrogenic and a neutral absorption. However, the
proportion of these 2 mechanisms is still unsettled (Abely
et al., 2000). In our result, electrogenic Gln transport was
not altered by inulin supplementation (Table 4). Nancy et
al. (2003) demonstrated that electrogenic ileal Gln transport
was not statistically different from control in pigs fed diets
supplemented with FOS, methylcellulose, and soy polysac-
charide. However, electrogenic Gln transport was higher
(P < 0.05) in FOS and soy polysaccharide than in methylcel-
lulose-fed pigs. Iji et al. (2001) observed that absorption of
tryptophan by brush border membarne vesicles was not
affected by dietary supplementation of MOS in the ileum,
but it increased in the jejunum of broilers fed with higher
dose of MOS.

The present study reveals that transmural resistance of
jejunal tissue was lower in the inulin-supplemented group
(Table 4). Nancy et al. (2003) noted lower transmucosal
resistance in the ileum of pigs supplemented with FOS.
However, resistance of colon and jejunal tissues remained
unaffected by the dietary supplementation. Similary,
Breves et al. (2001) also demonstrated that tissue conduc-
tance tended to be higher in the oligosaccharide-supple-
mented pigs than in control pigs. It has been found that
in vitro incubation of different indigestible disaccharides
increases the paracellular permeability of rat intestinal mu-
cosa by opening the tight junction (Mineo et al., 2004).
Fructooligosaccharides have been reported to impair the
intestinal barrier in rats by increasing the intestinal perme-
ability (Bruggencate et al., 2005). The decrease in the trans-
mucosal Rt as induced by inulin might be due to the effect
of prebiotic on transcellular pathways, paracellular path-
ways, or both. The reason behind this decreased transmu-
cosal Rt as induced by the inulin is not clear. We are not
sure whether inulin affected the transmucosal resistance
in the jejunal mucosa directly or indirectly in association
with the indigenous microflora and a higher production
of short chain fatty acids. It could be due to the accumula-
tion of organic acids or other bacterial fermentation metab-
olites, because those can cause irritation in the mucosal
barrier that could lead to impaired intestinal barrier (Ré-
mésy et al., 1993; Lin et al., 2002). In a previous study
(Rehman et al., 2006b), we found that inulin elevated the
jejunal lactate concentration that could be a cause for this
decreased intestinal tissue resistance.

In conclusion, supplementation of inulin resulted in an
increase in the villus height and crypt depth of the jejunal
mucosa of broilers. Inulin failed to alter the Na-dependent
absorption of Glc and Gln from jejunal mucosal flaps. The
transmucosal resistance of inulin-fed birds was lowered.
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Based on our findings, inulin affected the mucosal architec-
ture but has no positive potential effects on electrogenic
nutrient absorptions. Further study is needed to know how
inulin affects the transmucosal tissue resistance.
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