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ABSTRACT We studied the influence of cereal, heat
processing of the cereal, and inclusion of additional fiber
in the diet on the productive performance and digestive
traits of broilers from 1 to 21 d of age. Twelve treatments
were arranged factorially, with 2 cereals (corn and rice),
2 heat-processing treatments of the cereals (raw and
cooked), and 3 sources of fiber (none, 3% oat hulls, and
3% soy hulls). Each treatment was replicated 6 (trial 1)
or 3 (trial 2) times. Growth traits were recorded in both
trials; digestive traits were measured in trial 1, and total
tract apparent retention (TTAR) of nutrients was deter-
mined in trial 2. Feeding rice improved TTAR of all nutri-
ents and feed conversion from 1 to 21 d of age (P ≤ 0.001).
In addition, feeding rice increased the pH of gizzard di-
gesta (P ≤ 0.001) and reduced the relative weight (RW)
of most digestive organs. Heat processing had little effect
on the growth or size of digestive organs but improved
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INTRODUCTION

Diet composition influences the development of the
gastrointestinal tract (GIT) and the utilization of nutrients
in posthatch chicks (Noy and Sklan, 2002). Two nutri-
tional alternatives proposed to improve GIT development
and growth in young chicks are the use of easily digested
ingredients (Noy and Sklan, 1999) and heat processing
(HP) of the cereal portion of the diet (Gracia et al., 2003).

Rice is the most abundant cereal in the world and part
of the production is destined to animal feeding. Rice feed-
ing of piglets is a common practice in many countries
because its inclusion in the diet increases feed intake and
improves growth (Mateos et al., 2006). However, rice in-
clusion in diets for broilers has not been studied in detail.
Rice might be a good source of energy in posthatch diets
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the TTAR of most nutrients in the corn diets. Fiber inclu-
sion improved the TTAR of most nutrients, BW gain (P
≤ 0.01), and feed conversion (P ≤ 0.001) from 1 to 21 d of
age. In addition, fiber inclusion increased the RW of the
gizzard (P ≤ 0.001), ceca (P ≤ 0.05), and digestive tract (P
≤ 0.01) and reduced digesta pH (P ≤ 0.001) and the length
of the small intestine (P ≤ 0.05). The effects of hulls on
RW of the gizzard and on the TTAR were more pro-
nounced for the rice diets than for the corn diets. We
concluded that rice can be used successfully in broiler
diets and that heat processing of the cereal does not have
any beneficial effect on broiler performance. The inclusion
of moderate amounts of fiber in low-fiber diets might
improve chick performance at early ages by reducing
gizzard pH and improving the utilization of nutrients.
Therefore, young broiler chicks might require a minimal
amount of fiber in the diet.

for chicks because of its high starch content, reduced
proportion of amylose in the starch, and low content
of nonstarch polysaccharides and other antinutritional
factors. Heat processing of the cereal is commonly prac-
ticed in piglet diets to improve nutrient digestibility and
productive performance (Medel et al., 2004; Mateos et al.,
2006), but the information available on the influence of
HP on chick growth is scarce and contradictory (Vukić
Vranješ and Wenk, 1995; Moritz et al., 2005).

The influence of fiber content of the diet on voluntary
feed intake and total tract apparent retention (TTAR) of
nutrients in broilers is the subject of debate (Moran, 2006).
Janssen and Carré (1985) indicated that the fibrous com-
ponents of feedstuffs negatively affect chick growth; con-
sequently, they recommended a reduction of the fiber
content of diets for young chicks. However, some re-
searchers have indicated that an adequate type and
amount of fiber might improve adaptation of the GIT of
poultry to current productive systems and reduce diges-
tive disturbances under a scenario without in-feed antibi-
otics (Mateos et al., 2002; Montagne et al., 2003). Hetland
et al. (2005) observed that birds had an appetite for fiber
and that when the diet did not provide a minimal amount
of this nutrient, they would consume increased amounts
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Table 1. Nutritional composition (%, as-fed basis) and mean particle size (± SD, �m) of the ingredients tested

Raw Raw Oat Soy
Component1 corn rice hulls hulls

DM 85.4 88.1 91.3 91.1
Total ash 1.5 0.7 4.1 5.3
CP 8.2 7.6 4.4 13.8
Ether extract 3.8 1.2 1.8 2.5
Starch 60.7 71.0 8.7 0.0
Crude fiber 2.1 0.5 24.9 29.3
Neutral detergent fiber 7.7 1.0 66.2 54.1
Acid detergent fiber 2.5 0.6 29.7 36.8
Gross energy, kcal/kg 3,725 3,764 4,050 3,918
Mean particle size ± SD2 548 ± 1.7 438 ± 1.7 467 ± 1.9 582 ± 1.8

1Analyzed in triplicate samples.
2Mean particle size ± log normal SD.

of litter. Therefore, chicks might have a requirement for
a minimal amount of fiber. The aim of this research was
to evaluate the influence of HP of the cereal and inclusion
of fiber in the diet on the productive performance and
digestive traits of broilers fed low-fiber diets based on
either corn or rice from 1 to 21 d of age.

MATERIALS AND METHODS

All experimental procedures were approved by the An-
imal Ethics Committee of the University of Madrid and
were in compliance with the Spanish guidelines for the
care and use of animals in research (Boletı́n Oficial del
Estado, 2005).

Cereals, Fiber Sources, and Diets

Two batches of yellow corn or polished broken rice
(Japonica variety; 80% Senia and 20% Tainato cultivars)
were obtained from a commercial supplier (Essasa, Cabe-
zón de Pisuerga, Valladolid, Spain) and split into 2 frac-
tions. The first fraction of both cereals was ground
through a hammer mill (2.5-mm screen, Bühler AG,
Vzwill, Switzerland) and used in the manufacture of the
feeds. The second fraction of corn was steam-cooked
(Amandus Kahl, Reinbek, Germany) for 60 min at 104 ±
3°C, cooled, dried, flaked through riffled rolls, and then
ground before being included in the diet. A similar proce-
dure was used for the second portion of rice, but in this
case, the cereal was cooked for 45 min at 90 ± 3°C. Soy
hulls (SH) and oat hulls (OH) were obtained from the
same commercial supplier, ground through a hammer
mill (2-mm screen, Retsch Model Z-I, Stuttgart, Germany),
and included as such in the corresponding experimental
diets. The composition and the mean particle size (MPS)
of the test cereals and fiber sources are shown in Table 1.

Two basal diets containing 60% of either raw corn or
raw rice and 3% sepiolite (a complex magnesium silicate
clay added as inert material) were formulated according
to the nutrient composition of ingredients of the Funda-
ción Española para el Desarrollo de la Nutrición Animal
(2003) to meet or exceed the nutritional recommendations
of the NRC (1994) for broilers from 1 to 21 d of age (Table

2). In the remaining experimental diets, 3% of either OH
or SH was included at the expenses (wt/wt) of sepiolite.
The composition of the experimental diets is shown in
Table 3.

Husbandry and Experimental Design

The 2 experiments were conducted using the same hus-
bandry, diets, and experimental design. One-day-old
straight-run broiler chicks (Cobb 500) were obtained from
a commercial hatchery (Cobb España, Alcalá de Henares,
Spain) and allocated to a windowless, environmentally
controlled room. Chicks were housed in groups of 16 in
battery cages (Jamesway type, 1 × 0.9 m2, Avı́cola Grau
S.A., Madrid, Spain) provided with wire flooring and
equipped with 2 drinkers and 1 lineal feeder. Room tem-

Table 2. Composition of the experimental diets

Amount
Ingredient (%, as-fed basis)

Cereal1 60.00
Soy protein concentrate, 53% CP 21.96
Fish meal, 72% CP 7.00
Soybean oil 3.80
Sepiolite2 3.00
L-Lys-HCl, 78% 0.10
DL-Met, 99% 0.19
Limestone 1.12
Dicalcium phosphate 1.40
Sodium chloride 0.23
Celite3 1.00
Vitamin and mineral premix4 0.20

1The cereal used was corn or rice, either raw or heat processed,
according to treatment.

2Sepiolite was substituted (wt/wt) by either oat hulls or soybean hulls
in the corresponding experimental diets.

3Acid-washed diatomaceous earth (Celite Corporation, Lompar, CA).
4Provided the following (per kg of diet): vitamin A (transretinyl ace-

tate), 10,000 IU; vitamin D3, (cholecalciferol), 2,000 UI; vitamin E (all-
rac-tocopherol acetate), 20 IU; vitamin K (bisulfate menadione complex),
3 mg; riboflavin, 5 mg; pantothenic acid (D-calcium pantothenate), 10
mg; nicotinic acid, 30 mg; pyridoxine (pyridoxine�HCl), 3 mg; thiamin
(thiamin-mononitrate), 1 mg; vitamin B12 (cobalamin), 12 �g; D-biotin,
0.15 mg; choline (choline chloride), 300 mg; folic acid, 0.5 mg; Se
Na2SeO3), 0.1 mg; I (KI), 2.0 mg; Cu (CuSO4�5H2O), 10 mg; Fe (FeS-
O4�7H2O), 30 mg; Zn (ZnO), 100 mg; Mn (MnSO4�H2O), 100 mg; ethoxy-
quin, 110 mg.
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Table 3. Chemical composition (%, as-fed basis unless stated otherwise) and mean particle size (± SD, �m) of the experimental diets

Corn Rice

Raw Cooked Raw Cooked

Oat Soy Oat Soy Oat Soy Oat Soy
Item Control hulls hulls Control hulls hulls Control hulls hulls Control hulls hulls

Calculated analysis1

ME, kcal/kg 3,055 3,067 3,079 3,079 3,091 3,103 3,115 3,127 3,139 3,138 3,150 3,162
Crude fiber 2.5 3.3 3.4 2.5 3.3 3.4 1.5 2.3 2.4 1.5 2.3 2.4
Digestible Lys 1.18 1.18 1.18 1.18 1.18 1.18 1.22 1.22 1.22 1.22 1.22 1.22
Digestible Met 0.57 0.57 0.57 0.57 0.57 0.57 0.58 0.58 0.58 0.58 0.58 0.58
Digestible Met + Cys 0.84 0.84 0.84 0.84 0.84 0.84 0.85 0.85 0.85 0.85 0.85 0.85
Digestible Thr 0.75 0.75 0.75 0.75 0.75 0.75 0.76 0.76 0.76 0.76 0.76 0.76
Total Trp 0.24 0.24 0.24 0.24 0.24 0.24 0.25 0.25 0.25 0.25 0.25 0.25
Ca 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Available P 0.41 0.41 0.41 0.41 0.41 0.41 0.39 0.39 0.39 0.39 0.39 0.39

Determined analysis2

Gross energy, kcal/kg 3,948 4,062 4,092 4,012 4,173 4,140 3,970 4,084 4,048 3,967 4,072 4,047
DM 90.1 90.1 90.1 91.1 91.4 91.0 91.1 91.2 91.0 90.5 91.0 91.1
CP 21.2 21.4 22.4 20.9 21.7 21.0 21.0 21.1 21.2 20.9 21.6 21.4
Starch 36.2 34.5 34.0 37.9 37.0 37.3 39.5 40.1 41.8 41.1 41.2 42.4
Ether extract 6.4 6.6 6.5 6.2 6.5 6.5 4.6 5.0 5.2 5.0 5.1 5.0
Total ash 9.5 6.8 7.2 8.7 6.4 6.6 8.5 6.2 6.2 9.8 6.5 6.2
Neutral detergent fiber 7.3 9.6 8.8 7.3 9.1 8.6 3.5 5.5 4.7 3.4 5.3 4.8
Acid detergent fiber 2.6 3.3 3.2 2.7 3.3 3.3 1.5 2.4 2.2 1.5 2.1 2.0

Particle size
Mean particle size3 499 504 550 571 579 559 472 490 514 456 465 490
SD4 1.8 1.7 1.7 1.7 1.7 1.7 1.6 1.6 1.5 1.6 1.6 1.6

1According to Fundación Española para el Desarrollo de la Nutrición Animal (2003).
2Analyzed in triplicate samples.
3According to American Society of Agriculture Engineers (ASAE, 1995).
4Log normal SD.

perature was kept at 33°C during the first 3 days of the
trial and was then reduced gradually according to age
until reaching 24°C at 21 d. The chicks were kept on a 23
h/d light program and had free access to feed and water
throughout the trial. In experiment 1, a total of 1,152
chicks (initial BW of 44.4 ± 3.8 g) were divided into 6
blocks by weight and housed in 72 cages. In experiment
2, a total of 576 chicks (initial BW of 39.2 ± 3.1 g) were
divided into 3 blocks by weight and housed in 36 cages.
In both trials, diets were randomly assigned within
each block.

The trials were conducted as randomized complete
block designs with 12 dietary treatments arranged factori-
ally, with 2 cereals (corn and rice), 2 HP treatments of
the cereal (raw and cooked), and 3 fiber sources (control,
3% OH, and 3% SH). All diets were fed in mash form.

Analytical Evaluation of Ingredients,
Feeds, and Feces

For determination of the distribution and MPS of
ground cereals, hulls, and experimental diets, 3 subsam-
ples of 50 g were sieved using a Filtra 200 shaker (Filtra
S.A., Barcelona, Spain) provided with 7 sieves ranging
from 2,500 to 40 �m. The method outlined by the Ameri-
can Society of Agriculture Engineers (ASAE, 1995) was
used.

Feeds and feces were analyzed for moisture by the
oven-drying method (930.15), total ash by a muffle fur-
nace (942.05), nitrogen by the Dumas method (968.06)

using Leco equipment (model FP-528, Leco Corporation,
St. Joseph, MI), and ether extract (EE) by Soxhlet fat analy-
sis after 3 N HCl acid hydrolysis (920.39) as described by
the Association of Official Analytical Chemists (AOAC,
2000). Gross energy was measured with an adiabatic
bomb calorimeter (model 356, Parr Instrument Company,
Moline, IL) and acid-insoluble ash was analyzed using
the technique described by Van Keulen and Young (1977)
with modifications. Briefly, feed and excreta samples
were analyzed sequentially for DM, ash, and acid-insolu-
ble ash with the same beaker, and ashing was performed
at 600°C for 12 h rather than of 450°C for 6 h. Starch
contents of ingredients and feeds were measured by the
α-amylase glucosidase method (996.11) and crude fiber by
sequential extraction with diluted acid and alkali (962.09;
AOAC, 2000). Neutral detergent fiber (NDF) and acid
detergent fiber were determined sequentially as de-
scribed by Van Soest et al. (1991) and expressed on an
ash-free basis.

Productive Performance
(Experiments 1 and 2)

Body weights of chicks and feed consumption were
determined by cage at 0, 4, 8, 14, and 21 d of age, and
BW gain (BWG), average daily feed intake (ADFI), and
feed to gain ratio (F:G) were determined by period and
globally. Feed intake was adjusted for mortality. Birds
that died during the experiment were weighed, and their
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Table 4. Influence of type of cereal, heat processing of the cereal (HP), and fiber inclusion (fiber) on growth performance (experiments 1 and 2)

1 to 4 d 4 to 8 d 8 to 14 d 14 to 21 d 1 to 21 d

Treatment df BWG1 ADFI2 F:G3 BWG ADFI F:G BWG ADFI F:G BWG ADFI F:G BWG ADFI F:G

Cereal
Corn 13.4 17.1 1.27 22.8 28.3 1.24 32.8 43.1 1.32 47.8 68.5 1.44 32.6 44.4 1.37
Rice 13.1 16.6 1.26 23.3 27.5 1.19 33.1 41.7 1.26 49.0 68.1 1.39 33.1 43.6 1.32

HP
Raw 13.5 16.8 1.24 23.1 27.9 1.21 33.1 42.2 1.28 48.6 68.1 1.41 33.0 44.0 1.33
Cooked 13.0 16.8 1.29 23.0 27.9 1.22 32.9 42.6 1.30 48.3 68.5 1.42 32.7 44.1 1.35
SEM (n = 54) 0.07 0.15 0.011 0.24 0.29 0.009 0.46 0.47 0.010 0.70 0.90 0.012 0.35 0.45 0.007

Fiber
Control 13.2 17.2a 1.30a 22.7 28.0 1.24a 32.2 42.0 1.31a 46.0b 66.1b 1.44a 31.7b 43.2 1.37a

OH4 13.3 16.6b 1.25b 23.3 27.8 1.20b 33.5 41.5 1.27b 49.6a 69.3a 1.40b 33.4a 44.3 1.33b

SH5 13.3 16.7ab 1.26b 23.1 28.1 1.21ab 33.3 41.7 1.28ab 49.8a 69.6a 1.40b 33.4a 44.6 1.34b

SEM (n = 36) 0.09 0.19 0.019 0.29 0.36 0.011 0.57 0.58 0.012 0.86 1.10 0.015 0.42 0.55 0.008
Cereal × HP

Raw corn 13.9a 16.9 1.21c 22.9 28.0 1.23 33.0 42.0b 1.28b 47.0a 67.3 1.44 32.4 43.7ab 1.35
Cooked corn 12.9b 17.2 1.33a 22.8 28.6 1.26 32.7 44.2a 1.35a 48.7ab 69.6 1.44 32.8 45.5a 1.38
Raw rice 13.1b 16.7 1.27b 23.4 27.9 1.19 33.3 42.4ab 1.28b 50.3a 68.9 1.38 33.6 44.2ab 1.32
Cooked rice 13.1b 16.4 1.25bc 23.1 27.2 1.18 33.0 41.1b 1.25b 47.8ab 67.3 1.41 32.6 43.0b 1.32
SEM (n = 27) 0.10 0.22 0.016 0.34 0.41 0.013 0.66 0.66 0.014 0.99 1.27 0.017 0.49 0.63 0.010

Effect6 Probability
Cereal 1 ** * NS NS NS *** NS * *** NS NS * NS NS ***
HP 1 *** NS ** NS NS NS NS NS NS NS NS NS NS NS NS
Fiber 2 NS * * NS NS * NS NS * ** * * ** NS **
Control vs. fiber 1 NS * ** NS NS * NS NS * *** * * ** NS ***
OH vs. SH 1 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Cereal × HP 1 *** NS *** NS NS NS NS * *** * NS NS NS * NS

a–cMeans within a column and main effects not sharing a common superscript are different (P ≤ 0.05).
1BW gain, g/d.
2Average daily feed intake, g.
3Feed to gain ratio.
43% oat hulls.
53% soy hulls.
6Remaining interactions and contrasts were not significant (P > 0.05).
*P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001.

BWG was included in calculations of F:G. Feed wastage
was recorded by replicate for each period.

Digestive Traits (Experiment 1)

At 14 and 21 d of age, 2 or 4 chicks per cage, respec-
tively, were randomly selected, weighed individually,
and killed by cervical dislocation. The pH of gizzard con-
tents was measured at both ages, and the remaining diges-
tive traits were measured only at 21 d. The digestive tract
with contents was removed aseptically and weighed, and
the proventriculus, gizzard, liver, small intestine (SI), and
ceca were excised, cleaned, dried with desiccant paper,
and measured. The weight of the empty organs was ex-
pressed relative to live BW (RW), whereas the weight of
the gizzard digesta was expressed relative to full gizzard
weight. In addition, the lengths of the SI and the ceca
were determined and expressed relative to empty BW
(without the digestive tract). Gizzard digesta was col-
lected in 2 birds at 14 and 21 d of age and homogenized
in a 50-mL beaker, and pH was measured in duplicate
using a digital pH meter (Crisson Instruments S.A., Barce-
lona, Spain). Moisture of the gizzard digesta was deter-
mined by oven-drying at 60°C for 72 h. At 21 d of age,
the jejunum (defined as the region from the pancreas tail
to Meckel’s diverticulum) of the remaining 2 birds was

dissected aseptically and the digesta contents were col-
lected as described by Lázaro et al. (2004). The viscosity
(in centipoise) of a 0.5-mL aliquot obtained from the su-
pernatant solution was determined with a Brookfield dig-
ital viscometer (model DV III, Brookfield Engineering
Laboratories Inc., Stoughton, MA) at 24°C. Each sample
was read twice, and the average value of the 2 birds was
used for statistical analysis.

TTAR (Experiment 2)
At 18 d of age, representative samples of excreta pro-

duced during the previous 24 h were collected by repli-
cate, homogenized, oven-dried (60°C for 72 h), and
ground with a hammer mill (1-mm screen, Retsch Model-
I). The TTAR of DM, organic matter, soluble ash, EE, and
nitrogen, and the AMEn of the diets were estimated by
the indigestible marker method using 2 N HCl insoluble
ash as an indicator. Celite (acid-washed diatomaceous
earth, Celite Corporation, Lompar, CA) was added at 1%
to all diets as an additional acid-insoluble ash source. The
AMEn content of the experimental diets was calculated
as described by Lázaro et al. (2003).

Statistical Analysis
All data set were analyzed for normal distribution us-

ing the NORMAL option of the UNIVARIATE procedure,
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Table 5. Influence of type of cereal, heat processing of the cereal (HP), fiber inclusion (fiber), and age on gizzard
digesta pH and contents and on jejunum viscosity (experiment 1)

pH of gizzard digesta Gizzard digesta, 21 d
Jejunum

Treatment df 14 d 21 d Average Content2 Moisture, % viscosity, cP

Age 2.95 (66)1 3.09 (65)
Cereal

Corn 2.91 (36) 2.94 (36) 2.93 32.0 66.8 3.44
Rice 3.00 (30) 3.23 (29) 3.12 21.2 64.2 3.56

HP
Raw 2.98 (33) 3.07 (36) 3.03 26.3 64.2 3.56
Cooked 2.93 (33) 3.10 (29) 3.02 26.9 66.8 3.44

Fiber
Control 3.15 (18) 3.21 (20) 3.18a 21.2b 64.8b 3.38b

OH3 2.87 (24) 3.05 (24) 2.96b 30.7a 62.8b 3.36b

SH4 2.84 (24) 3.00 (21) 2.92b 27.9a 68.9a 3.76a

Cereal × HP
Raw corn 2.94 (18) 2.98 (18) 2.96 31.2 64.3b 3.44
Cooked corn 2.88 (18) 2.91 (18) 2.89 32.8 69.8a 3.44
Raw rice 3.03 (15) 3.16 (18) 3.09 21.4 64.1b 3.67
Cooked rice 2.98 (15) 3.30 (11) 3.14 21.0 64.3b 3.44

Cereal × fiber
Corn 2.97 (12) 2.95 (12) 2.96b 32.6a 67.6ab 3.40
Corn + OH 2.89 (12) 3.06 (12) 2.98b 31.4a 64.8bc 3.25
Corn + SH 2.85 (12) 2.82 (12) 2.84b 32.0a 67.9ab 3.68
Rice 3.33 (6) 3.47 (8) 3.40a 9.8c 62.0cd 3.37
Rice + OH 2.84 (12) 3.03 (12) 2.94b 29.9a 60.8d 3.47
Rice + SH 2.82 (12) 3.18 (9) 3.00b 23.9b 69.8a 3.84
Residual SD 0.273 8.70 4.67 0.577

Effect5 Probability
Age 1 ** — — —
Cereal × age 1 * — — —
Cereal 1 *** *** * NS
HP 1 NS NS * NS
Fiber 2 *** *** *** *
Control vs. fiber 1 *** *** NS NS
OH vs. SH 1 NS NS * *
Cereal × HP 1 NS NS * NS
Cereal × fiber 2 *** *** * NS
Control vs. fiber 1 *** *** * NS
OH vs. SH 1 NS * * NS

a–dMeans within a column and main effects not sharing a common superscript are different (P ≤ 0.05).
1Numbers in parentheses indicate the number of replicates in which the trait was measured per mean.
2Relative to weight of full gizzard, %.
33% oat hulls.
43% soy hulls.
5Remaining interactions and contrasts were not significant (P > 0.05).
*P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001.

and for homogeneity of variances using the HOVTEST
option of the GLM procedure of SAS (SAS Institute, 1990).
Productive performance data were analyzed as a random-
ized complete block design and main effects (type of
cereal, HP, and fiber inclusion) and their interactions were
studied. The results in tables are reported as least squares
means. All differences were considered significant at P ≤
0.05. Preplanned orthogonal comparisons were used to
determine the effects of hull inclusion (control vs. fiber)
and type of hulls (OH vs. SH). For pH data, age was
included as a fourth factor. The experimental unit was
the cage for all traits studied.

RESULTS

The determined values for the major nutrients in ingre-
dients (Table 1) and diets (Table 3) were close to the
expected values. Mean particle size was greater for raw

corn than for raw rice (548 vs. 438 �m, respectively) and
for SH than for OH (582 vs. 467 �m, respectively). Conse-
quently, MPS was greater for the corn diets than for the
rice diets and increased with hull inclusion. The MPS of
the diets ranged from 579 �m for HP corn with 3% OH
to 456 �m for HP rice without hulls (Table 3).

Productive Performance

Mortality was very low (2.5% in experiment 1 and 1.0%
in experiment 2) and was not related to treatment (data
not shown). Most of the mortality occurred (>80%) during
the first week of the trial.

Effect of Cereal. From 1 to 4 d of age, broilers fed the
corn diets ate more feed (17.1 vs. 16.6 g/d; P ≤ 0.05) and
grew faster (13.4 vs. 13.1 g/d; P ≤ 0.01) than did broilers
fed the rice diets, but F:G was not affected (Table 4). In
this period, broilers fed rice wasted more feed than did
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broilers fed corn (2.6 vs. 2.2 g/d; P ≤ 0.05; data not shown),
but no differences were found thereafter. From 4 to 21 d
of age, chicks fed corn had poorer F:G than did broilers
fed rice (1.24 vs. 1.19, P ≤ 0.001 from 4 to 8 d; 1.32 vs.
1.26, P ≤ 0.001 from 8 to 14 d; and 1.44 vs. 1.39, P ≤ 0.05
from 14 to 21 d). Consequently, from 1 to 21 d of age,
broilers fed corn had poorer F:G (1.37 vs. 1.32; P ≤ 0.001)
but similar BWG and ADFI than did broilers fed rice
(Table 4).

Effect of HP. Heat processing of the cereal had no
effect on broiler performance except for the first 4 d of
life. In this period, HP reduced BWG (13.0 vs. 13.5 g; P
≤ 0.001) and impaired F:G (1.29 vs. 1.24; P ≤ 0.01) without
affecting ADFI. Also in this period, broilers fed raw cere-
als wasted more feed than did broilers fed HP cereals
(2.7 vs. 2.2 g/d; P ≤ 0.01; data not shown) but no differ-
ences were detected after this age. A cereal × HP interac-
tion was observed for F:G and BWG at early ages and
for ADFI at the end of the experiment. From 1 to 4 d and
from 8 to 14 d of age, HP of the cereal impaired F:G in
chicks fed corn but not in chicks fed rice (P ≤ 0.001). In
addition, HP reduced BWG from 1 to 4 d of age in broilers
fed corn but had no effect on broilers fed rice (P ≤ 0.001).
From 1 to 21 d of age, HP increased ADFI in birds fed
corn but reduced it in birds fed rice (P ≤ 0.05).

Effect of Fiber. Hull inclusion consistently improved
F:G of chicks. From 1 to 4 d of age, the inclusion of hulls
reduced ADFI (16.6 vs. 17.2 g; P ≤ 0.05) and improved
F:G (1.25 vs. 1.30; P ≤ 0.01) but had no effect on BWG.
Also in this period, broilers fed the hull-containing diets
wasted more feed than did broilers fed the control diets
(2.6 vs. 2.2 g/d, P ≤ 0.05; data no shown) but no effects
were observed thereafter. From 4 to 14 d of age, hull
inclusion improved F:G (P ≤ 0.05) without affecting BWG
or ADFI. From 14 to 21 d of age, chicks fed hulls had
higher BWG (49.7 vs. 46.0 g/d; P ≤ 0.001) and ADFI (69.4
vs. 66.1 g; P ≤ 0.05) and better F:G (1.40 vs. 1.44; P ≤ 0.05)
than did chicks fed the control diets. Consequently, at
the end of the experiment, the inclusion of hulls improved
BWG (33.4 vs. 31.7 g/d; P ≤ 0.01) and F:G (1.33 vs. 1.37;
P ≤ 0.001) without affecting ADFI. No significant differ-
ences between OH and SH were detected for any of the
productive traits studied.

Digestive Traits

Effect of Age. The pH of gizzard digesta was signifi-
cantly increased as the bird aged (2.95 vs. 3.09 at 14 and
21 d of age, respectively; P ≤ 0.01). The increase was
greater (P ≤ 0.05) for chicks fed rice (3.00 vs. 3.23) than
for chicks fed corn (2.91 vs. 2.94; Table 5).

Effect of Cereal. The pH of gizzard digesta was lower
for chicks fed corn than for chicks fed rice (2.93 vs. 3.12,
respectively; P ≤ 0.001). Fresh gizzard contents were
greater (32.0 vs. 21.2%; P ≤ 0.001) and had more moisture
(66.8 vs. 64.2%; P ≤ 0.05) in corn-fed birds than in rice-
fed birds (Table 5). Jejunum viscosity was not affected by
type of cereal (3.44 vs. 3.56 cP for corn-fed and rice-fed
chicks, respectively). Chicks fed corn had a larger diges-

tive tract (P ≤ 0.001), proventriculus (P ≤ 0.01), gizzard
(P ≤ 0.001), and ceca (P ≤ 0.05) than did chicks fed rice,
but liver size and SI and ceca length were not affected
(Table 6).

Effect of HP. Heat processing of the cereal did not
affect pH, fresh contents of the gizzard, jejunum viscosity,
or RW of organs except for the proventriculus, which was
larger for birds fed HP cereals (P ≤ 0.001). A cereal × HP
interaction was observed for the moisture content of the
gizzard; HP of corn increased the moisture content of the
gizzard more than did HP of rice (P ≤ 0.05). In addition,
HP of corn reduced the relative length of the SI more
than did HP of rice (P ≤ 0.05). The RW of the digestive
tract (P ≤ 0.01) and proventriculus (P ≤ 0.001) also were
increased with HP of rice, but no effects were observed
with HP of corn.

Effect of Fiber. Inclusion of hulls reduced the pH of
gizzard digesta (3.18 vs. 2.94; P ≤ 0.001), an effect that
was more pronounced (P ≤ 0.001) for chicks fed rice (3.40
vs. 2.97) than for chicks fed corn (2.96 vs. 2.91; Table 5).
The influence of hull inclusion on gizzard traits depended
on the fiber source and cereal used. For example, hulls
increased the fresh contents of the gizzard (P ≤ 0.001) and
SH increased the moisture of gizzard contents (P ≤ 0.05)
in chicks fed rice, but not in chicks fed corn. Chicks fed
hulls had a heavier digestive tract (P ≤ 0.01), gizzard (P
≤ 0.001), and ceca (P ≤ 0.05) and a shorter SI (P ≤ 0.05)
than did chicks fed the control diets (Table 6). Soy hull
inclusion, but not OH inclusion, increased (P ≤ 0.05) the
RW of the proventriculus, whereas the opposite effect
was found for the RW of the gizzard (P ≤ 0.01).

TTAR

Effect of Cereal. The TTAR of DM, organic matter,
and EE (P ≤ 0.001), of soluble ash (P ≤ 0.01), and of nitrogen
(P ≤ 0.05); and the AMEn of the diet (P ≤ 0.001) were higher
for rice-based diets than for corn-based diets (Table 7).

Effect of HP. The effects of HP on TTAR depended on
the cereal used; HP improved the TTAR of DM and EE
and improved the AMEn in the corn diets but had the
opposite effect in the rice diets (P ≤ 0.001).

Effect of Fiber. The inclusion of hulls improved the
TTAR of DM, soluble ash, and EE (P ≤ 0.001) and the
AMEn content of the diet (2,974 vs. 3,040 kcal/kg; P ≤
0.001). A cereal × fiber interaction was observed on the
TTAR of many nutrients; the beneficial effects of hulls on
TTAR were more evident in the rice-based diets than in
the corn-based diets. In addition, the beneficial effect of
hull inclusion on the AMEn of the rice diet was more
pronounced with OH than with SH (P ≤ 0.01).

DISCUSSION

Productive Performance

In the current research, F:G from 1 to 21 d of age was
improved by 3.6% when corn was substituted (wt/wt)
for rice, but BWG and ADFI were not affected. Probably
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Table 6. Influence of type of cereal, heat processing of the cereal (HP), and fiber inclusion (fiber) on relative
weight (% BW) and relative length (cm/kg of empty BW) of digestive organs of broilers at 21 d of age
(experiment 1)

Relative organ weight Relative organ length

Empty Digestive Small
Treatment df BW1 tract2 Proventriculus Gizzard Liver Ceca intestine Ceca

Cereal
Corn 84.5 10.93 0.56 2.20 3.25 1.05 173.0 22.8
Rice 85.3 10.18 0.53 1.85 3.16 0.93 172.4 21.7

HP
Raw 85.1 10.48 0.52 2.02 3.16 1.02 173.6 22.6
Cooked 84.8 10.63 0.57 2.02 3.25 0.96 171.8 21.9
SEM (n = 36) 0.24 0.141 0.008 0.035 0.053 0.038 2.15 0.46

Fiber
Control 85.0 10.23b 0.53b 1.79b 3.20 0.92b 177.1a 22.4
OH3 84.9 10.76a 0.52b 2.41a 3.22 1.04a 167.4b 22.1
SH4 84.8 10.67ab 0.58a 1.87b 3.21 1.02ab 173.6ab 22.3
SEM (n = 24) 0.29 0.173 0.009 0.043 0.064 0.047 2.63 0.57

Cereal × HP
Raw corn 84.6 11.12a 0.56a 2.24 3.20 1.12 177.9 23.4
Cooked corn 84.5 10.74ab 0.56a 2.15 3.30 0.98 168.2 22.3
Raw rice 85.5 9.84c 0.48b 1.80 3.13 0.92 169.4 21.8
Cooked rice 85.1 10.53b 0.57a 1.89 3.20 0.94 175.4 21.5
SEM (n = 18) 0.33 0.199 0.011 0.050 0.074 0.054 3.04 0.66

Cereal × fiber
Corn 84.8 10.43 0.55a 2.03b 3.37a 0.98 173.2abc 22.7
Corn + OH 84.2 11.13 0.56a 2.46a 3.23ab 1.11 170.4bc 23.2
Corn + SH 84.5 11.22 0.58a 2.09b 3.15ab 1.07 175.6ab 22.5
Rice 85.2 10.04 0.51b 1.54c 3.02b 0.85 181.0a 22.1
Rice + OH 85.5 10.39 0.49b 2.35a 3.21ab 0.97 164.5c 20.8
Rice + SH 85.1 10.12 0.58a 1.64c 3.26ab 0.96 171.7abc 22.1
SEM (n = 12) 0.41 0.244 0.013 0.061 0.091 0.066 3.72 0.81

Effect5 Probability
Cereal 1 ** *** ** *** NS * NS NS
HP 1 NS NS *** NS NS NS NS NS
Fiber 2 NS * *** *** NS * * NS
Control vs. fiber 1 NS ** NS *** NS * * NS
OH vs. SH 1 NS NS *** *** NS NS NS NS
Cereal × HP 1 NS ** *** NS NS NS * NS
Cereal × fiber 2 NS NS * ** * NS * NS
Control vs. fiber 1 NS NS NS * * NS * NS
OH vs. SH 1 NS NS * ** NS NS NS NS

a–cMeans within a column and main effects not sharing a common superscript are different (P ≤ 0.05).
1BW without the digestive tract and its contents.
2From end of crop to anus.
33% oat hulls.
43% soy hulls.
5Remaining interactions and contrasts were not significant (P > 0.05).
*P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001.

the AMEn value used in the current study for rice and
corn (3,360 and 3,260 kcal of AMEn/kg, respectively; Fun-
dación Española para el Desarrollo de la Nutrición Ani-
mal, 2003) underestimated the real energy contribution
of rice to the broiler diets.

From 1 to 4 d of age, inclusion of rice reduced the
ADFI. The reason is unknown but might be related to
differences in the texture of feeds. Shelton et al. (2003)
observed that chicks fed a rice-casein diet from 8 to 20 d
of age had lower ADFI and BWG than did chicks fed a
practical corn-soybean meal diet. In addition, Panigrahi
et al. (1992) observed that ADFI and BWG were lower
for chicks fed rice diets than for chicks fed corn diets
offered as mash, but that the differences almost disap-
peared when the diets were pelleted. In the current exper-
iment, MPS was smaller for rice diets than for corn diets,

and broilers fed rice wasted more feed than did broilers
fed corn from 1 to 4 d of age, which might indicate that
the texture of the rice diets was not adequate for chicks
of this age. However, no differences in feed wastage were
observed after 4 d of age, suggesting that the chicks
adapted quickly to the texture of the feeds.

Heat processing of the cereal above 90°C is not used
to any extent in practical feeding of poultry because of
the cost and lack of a consistent response. In our experi-
ment, HP did not affect broiler performance from 1 to 21
d of age and, in fact, impaired BWG and F:G from 1 to
4 d of age. These data disagree with the report of Fancher
et al. (1996) indicating that expansion at 90°C of a corn-
soybean meal diet improved broiler performance and that
of Douglas et al. (1991) indicating that micronization at
150°C of similar types of diets improved productivity
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Table 7. Influence of type of cereal, heat processing of the cereal (HP), and fiber inclusion (fiber) on total tract
apparent retention of nutrients (%) and AMEn content of the diets (kcal/kg) at 18 d of age (experiment 2)

Organic Soluble Ether
Treatment df DM matter ash Nitrogen extract AMEn

Cereal
Corn 71.6 76.2 31.0 67.5 84.5 2,941
Rice 77.3 81.7 34.9 69.7 87.6 3,095

HP
Raw 74.4 78.9 32.7 68.5 85.4 3,004
Cooked 74.5 79.0 33.2 68.7 86.7 3,033
SEM (n = 18) 0.18 0.20 0.79 0.74 0.25 6

Fiber
Control 73.5b 79.5a 29.1b 68.1b 84.4c 2,974c

OH1 75.8a 79.5a 35.8a 71.1a 87.7a 3,075a

SH2 74.1b 77.8b 33.9a 66.6b 86.1b 3,005b

SEM (n = 12) 0.22 0.25 0.96 0.91 0.31 7
Cereal × HP

Raw corn 70.6d 75.3d 30.1 66.7 83.1c 2,872d

Cooked corn 72.6c 77.1c 32.0 68.2 85.9b 3,010c

Raw rice 78.2a 82.5a 35.3 70.2 87.7a 3,135a

Cooked rice 76.4b 80.9b 34.4 69.1 87.5a 3,055b

SEM (n = 9) 0.25 0.29 1.11 1.05 0.36 8
Cereal × fiber

Corn 71.9d 78.0c 28.3 69.6b 83.1 2,918e

Corn + OH 72.1d 75.9d 34.1 67.7bc 85.6 2,972d

Corn + SH 70.9e 74.8e 30.7 65.1c 84.8 2,932e

Rice 75.2c 81.1b 29.9 66.5bc 85.7 3,029c

Rice + OH 79.5a 83.2a 37.5 74.4a 89.8 3,180a

Rice + SH 77.3b 80.8b 37.1 68.1bc 87.3 3,077b

SEM (n = 6) 0.31 0.35 1.36 1.28 0.44 10
Effect3 Probability

Cereal 1 *** *** ** * *** ***
HP 1 NS NS NS NS ** **
Fiber 2 *** *** *** ** *** ***
Control vs. fiber 1 *** ** *** NS *** ***
OH vs. SH 1 *** *** NS ** *** ***
Cereal × HP 1 *** *** NS NS *** ***
Cereal × fiber 2 *** *** NS ** NS ***
Control vs. fiber 1 *** *** NS ** NS ***
OH vs. SH 1 NS NS NS NS NS **

a–eMeans values within a column and main effects not sharing a common superscript are different (P ≤ 0.05).
13% oat hulls.
23% soy hulls.
3Remaining interactions and contrast were not significant (P > 0.05).
*P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001.

from 1 to 21 d of age. Gracia et al. (2003) observed that HP
of barley (steam-cooked at 99 ± 2°C for 50 min) improved
BWG in broilers from 1 to 8 d of age, but not at 21 d. In
fact, in that research F:G from 1 to 21 d of age was reduced
by 5% when barley was cooked. In addition, Vukić
Vranješ and Wenk (1995) observed a reduction in broiler
productivity from 7 to 21 d of age when the cereal was
extruded. The reasons for the discrepancies among au-
thors are unknown but might be related, at least in part, to
differences in the conditions applied during the thermal
process and to the type of cereal used. For example, Niu
et al. (2003) indicated that broiler productivity was im-
proved when wheat was micronized at 90 or 105°C. How-
ever, when the temperature was above 120°C,
productivity was reduced.

Traditionally, it has been recommended that the fiber
content of diets for young birds be reduced to improve
the ADFI (Janssen and Carré, 1985), nutrient digestibility
(Jørgensen et al., 1996), and productive performance
(Sklan et al., 2003). However, recent reports with young

pigs have shown that diets very low in fiber impair nutri-
ent digestibility and growth (Mateos et al., 2006). Hetland
and Svihus (2001) indicated that the inclusion of 4% OH
in the diet increased ADFI without affecting BWG in
broilers from 7 to 21 d of age. In the current research,
inclusion of either 3% OH or 3% SH improved F:G at
all periods and improved BWG from 1 to 21 d of age,
suggesting that inclusion of moderate amounts of fiber
in prestarter feeds might be beneficial for poultry. In this
respect, Hetland et al. (2005) observed that laying hens
fed diets low in fiber exhibited a marked preference for
ingesting wood shavings, paper, and feathers, indicating
the need for structural components to compensate for the
lack of fiber in the diet.

Digestive Traits

In the present study, the pH of gizzard digesta in-
creased with age in chicks fed rice, but not in chicks fed
corn. Nir et al. (1995) found that the pH of gizzard digesta
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increased from 2.68 at 21 d of age to 3.16 at 40 d of age
and that the observed increase in pH was higher when
the cereal was finely milled. Probably the effects of factors
such as the crude fiber content and MPS of the diet on
the pH of the proventriculus and gizzard depend on the
age of the birds.

Birds fed corn had heavier digestive tracts, with a larger
gizzard that had greater digesta contents and lower pH,
than birds fed rice, and this effect might be related to the
higher fiber content and MPS of the corn diets. Our data
agreed with those of Rama Rao et al. (2000), who observed
heavier gizzards in hens fed corn than in hens fed rice.
In addition, Nir et al. (1994) and Dahlke et al. (2003)
observed that gizzard weight and gizzard contents in-
creased and pH of the gizzard digesta decreased when
the MPS of the diet was increased. Probably the reduction
of gizzard weight observed in chicks fed rice, as compared
with chicks fed corn, was due to less mechanical stimula-
tion associated with less digesta contents in the gizzard.

Inclusion of hulls in the diet reduced the pH of gizzard
digesta and increased ash solubility, suggesting that the
secretion of hydrochloric acid was increased. Duke (1986)
indicated that the presence of feed in the gizzard induces
secretion of hydrochloric acid in the proventriculus via
mechanoreceptors. An increase in dietary fiber might also
increase the production of saliva, gastric juices, and pep-
sin, as has been demonstrated in pigs (Mosenthin et al.,
1999). Because of their high content of insoluble fiber, OH
and SH are difficult to grind; therefore, it is likely that
considerable amounts of hulls remain in the gizzard for
longer periods than do regular particles such as those
from corn or rice (Hetland et al., 2005). To our knowledge,
no published research has compared the effects of differ-
ent fiber sources on gizzard pH. In fact, in the current
trial the gizzard contents were greater in chicks fed hulls
than in chicks fed the control diets, indicating that fiber
was retained longer in this organ. Hetland and Svihus
(2001) also found that inclusion of 4% OH increased the
fresh contents of the gizzard in chicks. The gizzard regu-
lates the passing of digesta to the SI; coarse particles are
selectively retained until a critical size is reached (Hetland
et al., 2005), whereas liquids and soluble material pass to
the duodenum, although they might return to the gizzard
via gastroduodenal reflux (Duke, 1986).

It is well known that increasing the fiber content of the
diet increases the size of the GIT in broilers (Jørgensen
et al., 1996; Hetland and Svihus, 2001), but the effects
depend on the section considered (Moran, 2006). In the
current trial, feeding hulls increased the size of the GIT,
gizzard, and ceca and shortened the length of the SI, but
the magnitude of the effects differed with the fiber source
used. The main physicochemical characteristics of dietary
fiber with nutritional significance are viscosity and hydra-
tion properties, which influence solubility, water holding
capacity (WHC), and swelling capacity (Bach Knudsen,
2001). Insoluble fiber particles may incorporate water into
their matrix and swell to a variable extent during their
passage through the GIT, resulting in a bulkier digesta.
Therefore, enlargement of the GIT in chicks fed hulls

might be a consequence of physical distension caused by
the swelling of the hulls and the concomitant increase in
the bulk of the digesta. Oat hulls and SH are sources of
insoluble fiber, but OH are more lignified than SH (Bach
Knudsen, 2001). Our data on the moisture of gizzard
digesta suggested that the WHC of the digesta was higher
in chicks fed SH than in chicks fed OH; therefore, SH
might have swelled more than OH, causing a larger pro-
ventriculus.

The inclusion of SH affected the size of the proventricu-
lus of chicks fed rice, but not of chicks fed corn. In addi-
tion, OH increased the gizzard weight, an effect that was
more pronounced for the rice diets than for the corn
diets, suggesting that the mechanical strength of hulls
interacted with the texture of the cereal. Hetland et al.
(2005) found that the gizzard weight and gizzard contents
of laying hens with access to wood shavings increased
when they were fed a wheat diet (10.7% NDF), but not
when they were fed an oat diet (16.4% NDF). Hetland
and Svihus (2001) showed that the increase in gizzard
weight because of fiber inclusion was greater with coarse
OH than with fine OH. Our results suggested that the
effects of fiber (either SH or OH) on gizzard characteristics
depended on their WHC and resistance to grinding. Prob-
ably OH produced more mechanical stimulation on the
gizzard than did SH.

In the present study, the length of the SI was reduced
by hull inclusion only in the rice diets. The reason for
this observation is unknown, but a reduction of the length
and weight of the SI has been observed in chicks fed diets
with antibiotics (Miles et al., 2006) or diets supplemented
with enzymes (Lázaro et al., 2004). In addition, Rogel et
al. (1987) observed that inclusion of 10% OH decreased
the weight and length of the SI. Similarly, Jørgensen et
al. (1996) found that chicks fed oat bran had a shorter SI
than did chicks fed the control diet. Miles et al. (2006)
attributed the reduction in length of the SI to the thinning
of the intestinal wall associated with control of the growth
of certain microorganisms by antibiotic feeding. In our
research, the reduction in length of the SI of chicks fed OH
was associated with a marked accumulation of gizzard
contents, acidification of the gizzard digesta, and enlarge-
ment of the gizzard. There is evidence that dietary fiber
may protect the GIT against enteric infections in diverse
species (Montagne et al., 2003; Hedemann et al., 2006).
In fact, Mateos et al. (2006) observed that inclusion of OH
in the diet tended to reduce the incidence of diarrhea in
piglets. A longer retention time of digesta in the gizzard
might reduce the risk of microbial infections through
longer exposure of feedborne microorganisms to hydro-
chloric acid. Therefore, the shortening of the SI, together
with the improvement in F:G observed in chicks fed hulls
might be due to an improvement in gut health.

TTAR

Diets based on rice were more digestible than diets
based on corn, in agreement with previous research (Pani-
grahi et al., 1992; Jadhao et al., 1999). Rice grain has more
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starch and less fiber and a lower moisture content than
corn. In addition, rice starch has a smaller granule size
(3 to 8 �m), a lower amylose content, and less nonstarch
polysaccharides than does corn starch (Tester et al., 2006).
Therefore, a better utilization of nutrients for rice than
for corn should be expected, because the digestion process
in the GIT is easier with rice.

Heat processing increased the TTAR of nutrients in
the corn diet but decreased the TTAR in the rice diet,
suggesting that the impact of HP on digestibility de-
pended on the type of cereal used. The reason for the
interaction is not known, but HP might disrupt the lipid-
amylose complexes and the bond between starch and
the protein matrix in the corn grain, increasing nutrient
availability (Plavnik and Sklan, 1995; Svihus et al., 2005).
For raw rice, Vicente et al. (2007) indicated that starch
digestibility is already high; therefore, no further im-
provement in digestibility should be expected because of
HP. On the other hand, most of the EE in the corn diets
was encapsulated inside the grain, whereas it was present
as free oil in the rice diets. Therefore, it is likely that HP
benefited the release and digestibility of fat in the corn
diets more than in the rice diets. Studies with piglets
(Songqiao et al., 2006; Mateos et al., 2007) showing that
HP of corn improves fat and energy utilization confirmed
our observations in broilers. However, severe HP for a
prolonged time may increase the formation of amylose-
lipid complexes, Maillard compounds, and resistant
starch (Anker-Nilssen et al., 2006). The data in the current
experiment suggest that the processing conditions ap-
plied to the cereal were probably adequate for corn but
were excessive for rice.

In the current trial the inclusion of additional fiber
consistently improved the TTAR of nutrients in chicks
fed the rice diets, but few effects were detected in chicks
fed the corn diets. In addition, the beneficial effects of
hulls were more noticeable with OH inclusion than with
SH inclusion. The data indicated that young chicks might
have a minimal requirement for fiber in the diet and that
the amount required varies depending on the type of
fiber. This hypothesis is supported by the finding of Rogel
et al. (1987) that the inclusion of fiber sources in broiler
diets increased the ileal digestibility of starch. Diets rich
in fiber remain in the upper GIT longer and might be
digested more completely because of increased peristalsis
and production of hydrochloric acid and other digestive
enzymes. Hetland et al. (2003) observed that OH inclusion
increased amylase activity and bile salt concentration in
the chyme of broilers. Hedemann et al. (2006) demon-
strated that piglets fed highly insoluble fiber diets have
increased mucosal enzyme activity as compared with con-
trol pigs fed pectin-containing diets. Our results on giz-
zard digesta pH and the TTAR of nutrients suggest that
gizzard activity has an important role in nutrient utili-
zation.

In conclusion, rice is an ingredient of choice in post-
hatch diets for broilers, and HP of the cereal might im-
prove the utilization of nutrients in very young chicks
fed corn diets. The data also indicate that young chicks

might have a minimal requirement for fiber in the diet.
Therefore, we recommend the use of rice and the inclusion
of a minimal amount of fiber (>1.5% crude fiber) in diets
for young chicks. More studies are needed to improve
our knowledge of the influence of HP of cereals on the
growth of chicks.
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