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ABSTRACT We studied the influence of pre-hatch
egg weight (EW) and the inclusion of oat hulls (OH)
in the diet on gastrointestinal tract (GIT) traits and
growth performance of pullets reared under stress con-
ditions early in life. There were 14 treatments organized
as a 7 × 2 factorial with 7 EW groups (47.0 to 54.0 g
differing in 1 g between groups) and 2 inclusion levels
of OH in the diet (0 vs. 3%). The pullets were reared
under a series of stresses early in life (no access to feed
for extended time post-hatching, reduced accessibility
to feed and water at arrival to the farm, reduced ambi-
ent temperature at night, low light intensity, and hot-
blade beak trimming at 18 D of age). Feed intake, BW
gain, and FCR were measured by period (0 to 5, 5 to
10, and 10 to 16 wk of age) and cumulatively. Data
were analyzed as a completely randomized design with
EW and OH inclusion as main effects. In addition, EW

effect was partitioned into linear and quadratic compo-
nents. The stress conditions applied affected similarly
the growth and GIT development of the pullets, inde-
pendent of EW. An increase in EW increased BW at
hatch and at 5 wk of age linearly (P < 0.05), but no
effects were detected thereafter. Oat hulls inclusion in-
creased ADFI and impaired FCR (P < 0.05) from 0
to 5 wk of age but did not affect energy efficiency at
any age. At 5 wk of age, the relative weight (% BW) of
the GIT decreased linearly (P < 0.05) with increases in
EW and increased with OH inclusion (P < 0.05). Oat
hulls inclusion increased the relative weight of the giz-
zard at all ages (P < 0.01). In conclusion, egg weight
did not affect pullet growth from hatch to 16 wk of age.
Independent of the initial BW of the pullets, OH inclu-
sion improved gizzard development at all ages without
affecting growth performance.
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INTRODUCTION

Chick growth and GIT development are affected by
numerous factors, including health status, stress, and
feeding strategy (Cheng et al., 2003; Frikha et al.,
2009; Saldaña et al., 2015). Under commercial condi-
tions, pullet management is frequently inadequate dur-
ing the early phase of life. Poor hatchery practices, ex-
tended transport time, limited access to feed and water,
low room temperature, reduced light intensity during
the early days of life, and beak trimming procedures
(Garćıa et al., 2019; Jacobs et al., 2016; Lohmann, 2018;
Marchant-Forde et al., 2008) affect pullet growth and
BW uniformity at the end of the rearing period, com-
promising future egg production.

Pre-hatch egg weight (EW) is an important eco-
nomic trait with effects on hatchability, embryo
survival, chick weight, and breeder flock performance
(Garćıa et al., 2019; Iqbal et al., 2016; Pinchasov,
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1991). In broilers, a positive correlation between EW
and BW at hatch (Chang et al., 2016; Iqbal et al.,
2017; Wilson, 1991) and between BW at hatch and
BW at slaughter (Abiola et al., 2008; Wyatt et al.,
1985) have been reported. However, the minimum
EW required to hatch pullets with acceptable quality
traits and optimal growth at the end of the rearing
phase has not been studied in detail. In this respect,
Garćıa et al. (2019) did not find any effect on growth
performance at 16 wk of age of pullets weighing
33.9 g at hatch compared with pullets weighing
37.6 g.

Dietary fiber affects feed intake and nutrient di-
gestibility in non-ruminants (Jiménez-Moreno et al.,
2011, 2016; Kondra et al., 1974; Mateos et al., 2007;
Rougière and Carré, 2010; Sklan et al., 2003). Recent
research has shown that the inclusion of moderate
amounts of insoluble fiber sources in the diet, such
as oat hulls (OH) and sunflower hulls stimulates the
development of the gastrointestinal tract (GIT) in
broilers (González-Alvarado et al., 2008; Jiménez-
Moreno et al., 2010, 2013, 2019; Mateos et al., 2012)
and pullets (Guzmán et al., 2015a), resulting often in
an improvement in growth performance.
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The information available on the effects of commer-
cial practices, such as BW at hatch and fiber content
of the diet on performance and uniformity of pullets
reared under poor management practices, is limited. It
was hypothesized, that the undesirable effects of poor
conditions during the early days of life on growth per-
formance and BW uniformity at the end of the rear-
ing phase could be more pronounced for light than for
heavy pullets. In addition, it was hypothesized that
the inclusion of moderate amounts of insoluble fiber
in the diet could affect GIT development and growth
performance of the pullets during the rearing period.
The purpose of this study was to investigate the in-
fluence of pre-hatch weight of eggs laid by 24 wk-old
breeders and the inclusion of 3% OH in the diet, on di-
gestive tract traits and growth performance of pullets
reared under stress conditions during the early days of
life.

MATERIALS AND METHODS

Husbandry, Diets, and Experiment Design

The procedures used in this research were approved
by the Animal Ethics Committee of the Universidad
Politécnica de Madrid and were in compliance with the
Spanish Guidelines for the Care and Use of Animals in
Research (Bolet́ın Oficial del Estado, 2013).

A total of 672 pullets produced by a 24 wk-old
Lohmann Brown-Classic breeder flock was used. The
pre-hatch EW was measured before setting the eggs
into the incubator. The birds were pulled from the
hatchery after most chicks had emerged from the shell
(36 h after the start of hatch). The pullets were vacci-
nated against main diseases (infectious bronchitis dis-
ease, infectious bursal disease, Newcastle disease, and
Salmonella spp.) according to accepted commercial
practices (Lohmann, 2018). The birds were weighed in-
dividually, wing banded, and sorted into 7 groups ac-
cording to EW (47.0 to 54.0 g differing in 1 g between
groups). At the arrival to the experimental farm, the
pullets were allotted in groups of 12, within each EW
category, into 56 cages. The cages (1.0 m × 0.45 m;
Alternative Design, Siloam Springs, AR) were provided
with an open through feeder (65 cm-long) and 2 low
pressure nipple drinkers. The pullets were kept on a
24 h/d light program for the first 2 D of life and then
18 h/D (from 08.00 to 02.00 of the next day) from days
3 to 6. After this age, the time at which the lights were
turned off was advanced 2 h per week until reaching
12 h of light at 4 wk of age, and finally, 1 h per week
to 6 wk of age. From 7 to 16 wk of age, the light pro-
gram was maintained in 9 h/D. For the first 5 D of
life, room temperature at the barn was maintained at
34 ± 2◦C during day time. Then, the temperature was
reduced gradually from 34◦C to 31◦C at 7 D of age and
by 2◦C per week after this age to reach 20◦C at 6 wk
of age. Pullets had free access to mash feed and water
throughout the experiment.

The feeding program consisted of 3 phases: 0 to
5 wk, 5 to 10 wk, and 10 to 16 wk of age. In each of
these 3 feeding periods, the control diet was formulated
according to Lohmann (2018) recommendations.
The remaining experimental diets resulted from the
inclusion of 3% OH at the expense (wt:wt) of the
control diet. Before mixing, the batches of corn, barley,
soybean meal, and sunflower meal used to formulate
the diets were ground with a hammer mill (model
MRA 220, Rosal S.A., Barcelona, Spain) fitted with a
3-mm screen.

For the early days of life, a series of stresses were
applied to all the pullets to mimic the poor manage-
ment practices that eventually could occur in some
commercial farms. The stresses applied consisted in:
(a) prolonged hatching window (approximately 36 h)
before sorting the chicks, (b) extended transport time
(10 h) from the hatchery to the experimental facility,
(c) no extra feed provided at the arrival of the pullets on
the paper lining the cage floor, (d) low barn tempera-
ture (31◦C ± 2) at night and reduced light intensity (15
luxes) from day 2 to day 5 of age, (e) poor placement
of the nipple drinkers for the first week of life (approx-
imately 1 cm above the eye line of vision of the birds),
and (f) hot-blade trimming of the beaks at 18 D of age.

The experimental design was completely randomized
with 14 treatments in a factorial arrangement with
7 EW and 2 levels of inclusion of OH in the diet. Each
treatment was replicated 4 times and the experimental
unit was a cage with 12 birds.

Laboratory Analysis

Particle size distribution and mean particle size of
OH and diets, expressed as geometric mean diameter
(GMD) ± geometric standard deviation (GSD), were
determined in 200 g samples using a Retsch shaker
(Retsch, Stuttgart, Germany) provided with 8 sieves
ranging in mesh from 5,000 to 40 μm, as outlined
by the ASAE (2003). Water holding capacity (mL/g
DM), swelling capacity (mL/g DM), initial pH, and
buffer properties of the OH were determined as indi-
cated by Jiménez-Moreno et al. (2009a). Representative
samples of OH and diets were ground in a laboratory
mill (Retsch Model Z-I, Stuttgart, Germany) equipped
with a 0.75-mm screen and analyzed for moisture by
oven-drying (method 930.15), total ash using a muffle
furnace (method 942.05), crude fiber by sequential ex-
traction with diluted acid and alkali (method 962.09),
and nitrogen by Dumas (method 968.06) using a Leco
analyzer (model FP-528, Leco Corp., St. Joseph, MI) as
indicated by AOAC International (2005). Gross energy
was determined using an adiabatic bomb calorimeter
(model 1356, Parr Instrument Company. Moline, IL).
In addition, neutral detergent fiber (NDF), acid de-
tergent fiber (ADF), and acid detergent lignin (ADL)
were determined sequentially and expressed on ash-free
basis (Van Soest et al., 1991). All the analyses were
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Table 1. Chemical analyses (% as fed basis) and physico-
chemical properties of oat hulls.

Calculated analyses1

AMEn (kcal/kg) 400
Ether extract 1.3
Starch 8.7
Crude protein 4.1

Total amino acid
Lys 0.16
Met + Cys 0.14
Thr 0.15
Trp 0.05

Calcium 0.10
Total phosphorus 0.17

Determined analyses2

Dry matter 91.7
Gross energy (kcal/kg) 4,022
Crude fiber 30.1
Crude protein 4.3
NDF 69.0
ADF 36.4
ADL 8.4
Total ash 4.7

Physical properties
Particle size distribution3 (μm)

2,500 0.7
1,250 23.1
630 56.9
315 13.7
160 0.02

GMD4 ± GSD5 (μm) 893 ± 1.71
Water holding capacity ± SD (mL/g DM) 3.96 ± 0.75
Swelling water capacity ± SD (mL/g DM) 1.87 ± 0.16

Buffer properties 6.11 ± 0.03
Initial pH6 ± SD 86.0 ± 6.1
Base-buffering capacity7 ± SD 65.4 ± 5.0
Acid-buffering capacity8 ± SD

1According to FEDNA (2010).
2Analyzed in duplicate, except for mean particle size that were deter-

mined in triplicate.
3Sieve diameter, μm. The percentage of particles bigger than 5,000 μm

or smaller than 80 μm was negligible for all diets.
4Geometric mean diameter.
5Geometric standard deviation.
6pH of 0.5 g of the fiber source (DM) suspended in 50 mL double

distilled water.
7μEq of NaOH required to increase the pH of 0.5 g DM of the fiber

source suspended in 50 mL double distilled water from the initial pH to
pH 7 divided by pH change.

8μEq of HCl required to decrease the pH of 0.5 g DM of the fiber
source suspended in 50 mL double distilled water from pH 7 to pH 4
divided by pH change.

conducted in duplicate, except for particle size of the
OH and diets that were determined in triplicate. The
chemical analyses and the physico-chemical properties
of the OH, and the ingredient composition, chemical
analyses, and particle size distribution of the diets, are
shown in Tables 1 and 2, respectively.

Measurements

Pullets were weighed individually at 0, 5, 10, and
16 wk of age and the coefficient of variation (CV; %)
of the BW of the birds within each cage was used to
estimate BW uniformity, as indicated by Peak et al.
(2000). Feed disappearance was also recorded at same
ages and the data used to determine ADFI, BW gain
(BWG), and FCR by replicate. Also, average daily

energy intake (ADEI), expressed as kcal of AMEn
consumed per day, and energy conversion ratio (ECR),
expressed as kcal of AMEn consumed per g of BW gain,
were determined. Mortality was recorded as produced.
In addition, the feed intake of the pullets was measured
per cage for 3 D before and 3 D after beak trimming
(15 to 18 D and 18 to 21 D of age, respectively).

After each of the 3 growth performance controls,
pullets were fasted for 90 min and then, allowed free
access to feed for 2 h to maximize digesta contents. A
total of 2 birds per replicate were randomly selected,
weighed, and euthanized by CO2 inhalation. Imme-
diately after slaughter, the full GIT, from the distal
part of the esophagus to the cloaca (including liver,
pancreas, and spleen), was removed aseptically and
weighed, and the weight expressed in relative terms
(RW; % BW). Then, the crops and the gizzards with
contents were carefully excised and weighed. The pH
of these organs was measured in situ using a digital
pH meter fitted with a fine tip glass electrode (model
507, Crison Instruments S.A., Barcelona, Spain) as
indicated by Jiménez-Moreno et al (2009b). The
average value of 2 independent measurements was used
for further analysis. Then, the gizzard was emptied and
cleaned from any digesta content, dried with desiccant
paper, and weighed again. The fresh digesta content
was calculated by difference between the weight of the
full and the empty organ and expressed relative (%)
to full organ weight. In addition, the length of the
small intestine (SI; duodenum, jejunum, and ileum)
from the gizzard to the ileo-cecal junction, and of the
2 ceca, from the ostium to the tip of the ceca, was also
measured on a glass surface using a flexible tape with a
precision of 1 mm, and expressed in relative terms (RL;
cm/kg BW). The pH of the ileum and ceca contents
was measured as indicated for the crop and the gizzard.
Tarsus length was measured using a digital caliper and
expressed relative to BW.

Statistical Analysis

Data on growth performance, GIT traits, and body
measurements were analyzed as a completely random-
ized design with EW and OH inclusion as main effects,
using the GLM procedure of SAS (SAS Institute, 2004).
Treatment sums of squares of the effects of EW on the
different GIT variables studied were partitioned into
linear and quadratic effects.

RESULTS

The GMD ± GSD of the OH were 893 ± 1.71 μm
(Table 1). The GMD ± GSD of the control diets used
for the 3 feeding phases were 946 ± 3.0, 1,011 ± 2.2, and
1,158 ± 2.2 μm, respectively (Table 2). The inclusion
of OH did not affect the GMD and GSD of the diets.
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Table 2. Ingredient composition and chemical analyses (% as fed basis) of the experimental diets.

0 to 5 wk 5 to 10 wk 10 to 16 wk

Oat hulls 0% 3% 0% 3% 0% 3%

Ingredient
Barley - - 40.0 38.8 25.0 24.3
Corn 62.6 60.8 35.8 34.7 49.9 48.4
Soybean meal (45.5% CP) 33.1 32.0 21.2 20.6 7.0 6.8
Sunflower meal (30% CP) - - - - 15.3 14.8
Soy oil soapstocks 1.00 0.97 - - - -
Oat hulls - 3.00 - 3.00 - 3.00
Calcium carbonate 1.00 0.97 1.00 0.97 1.03 1.00
Dicalcium phosphate 1.50 1.46 1.30 1.26 1.10 1.07
Sodium chloride 0.35 0.34 0.34 0.33 0.37 0.36
Vitamin and mineral premix1 0.20 0.19 0.20 0.19 0.20 0.19
DL-methionine (99%) 0.16 0.16 0.13 0.13 0.03 0.03
L-lysine·HCl (78%) 0.09 0.09 0.05 0.05 0.07 0.07
L-threonine (98%) 0.01 0.01 0.01 0.01 - -

Calculated analyses2

AMEn (kcal/kg) 2,900 2,834 2,779 2,708 2,708 2,639
Ether extract 3.7 3.6 2.3 2.2 2.4 2.4
NDF 8.6 10.4 11.9 13.7 15.5 17.1
Crude protein 19.9 19.4 17.0 16.6 14.4 14.1

Digestible amino acids3

Lys 0.98 0.95 0.74 0.72 0.51 0.49
Met 0.43 0.42 0.35 0.34 0.26 0.25
Met + Cys 0.69 0.68 0.60 0.59 0.47 0.46
Thr 0.65 0.63 0.52 0.51 0.42 0.40
Trp 0.20 0.19 0.17 0.16 0.13 0.13
Ile 0.73 0.71 0.58 0.57 0.46 0.45

Calcium 0.92 0.96 0.85 0.83 0.82 0.80
Total phosphorus 0.63 0.61 0.58 0.57 0.58 0.57
Digestible phosphorus 0.42 0.41 0.39 0.38 0.36 0.35
Determined analyses4

Dry matter 87.8 88.3 90.4 91.7 90.8 91.2
Gross energy (kcal/kg) 3,880 3,900 3,950 4,025 3,935 3,925
Crude protein 19.4 18.8 17.6 17.5 15.5 15.1
Crude fiber 3.0 3.8 3.7 4.5 6.5 7.2
NDF 8.9 10.6 11.7 13.5 15.0 16.8
ADF 3.7 3.8 3.9 4.3 5.8 6.5
ADL 0.6 0.7 0.7 0.9 2.0 2.1
Total ash 4.8 4.9 5.8 5.5 5.1 5.6

Particle size distribution5 (μm)
2,500 5.8 5.5 9.1 9.0 19.3 21.2
1,250 35.3 34.7 35.5 42.5 30.3 32.5
630 33.1 36.8 31.2 27.4 26.6 24.9
315 13.7 13.7 13.7 12.6 17.6 14.0
160 12.1 9.3 10.5 8.5 6.2 7.4
GMD6 ± GSD7 946 ± 3.0 977 ± 2.9 1,011 ± 2.2 1,106 ± 2.1 1,158 ± 2.2 1,222 ± 2.3

1Supplied per kilogram of diet: vitamin A (trans-retinyl acetate), 10,000 IU; vitamin D3, 2,600 IU; vitamin E (all-rac-tocopherol-acetate), 20 mg;
vitamin B1, 1.5 mg; vitamin B2, 5 mg; vitamin B6, 2.3 mg; vitamin B12 (cyanocobalamin), 15 mg; vitamin K3 (bisulphatemenadione complex), 2.7 mg;
choline (choline chloride), 250 mg; nicotinic acid, 30 mg; pantothenic acid (D-calcium pantothenate), 9 mg; folic acid, 0.6 mg; D-biotin, 75 mg; zinc
(ZnO), 62 mg; manganese (MnO), 78 mg; iron (FeCO3), 40 mg; copper (CuSO4

�5H2O), 8 mg; iodine (KI), 0.6 mg; selenium (Na2SeO3), 0.3 mg; and
Natuphos 5000 [300 FTU/kg 6-phytase (EC 3.1.3.26), 60 mg, supplied by Basf Española S.A, Tarragona, Spain].

2According to FEDNA (Fundación Española Desarrollo Nutrición Animal, 2010).
3Total tract apparent retention values.
4Analyzed in duplicate, except for mean particle size that were determined in triplicate.
5Sieve diameter, μm. The percentage of particles bigger than 5,000 μm or smaller than 80 μm was negligible for all diets.
6GMD = Geometric mean diameter.
7GSD = Geometric standard deviation.

Effects of Stress Conditions on Pullet
Growth

The stress conditions applied to the pullets during
the early days of life affected ADFI and BWG of the
birds during the entire rearing period (Tables 3 and
4). At 5 wk of age, the average BW of the pullets was
27% lower (268 g vs. 367 g) than expected according to
Lohmann (2018) brochure. As the birds got older, the

difference in BW between determined and expected
values were reduced, but still evident at 10 wk (738 g
vs. 874 g) and at 16 wk (1,330 g vs. 1,394 g) of age.
Hot-blade beak trimming at 18 D of age reduced
considerably (P < 0.001) the ADFI of the pullets
(Table 5). In fact, the reduction in ADFI observed
between the 3 D after trimming (18 to 21 D of age)
and the 3 D before trimming (15 to 18 D of age) was
46.5% as an average (12.3 g/D vs. 23.0 g/D).
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Table 3. Influence of pre-hatched egg weight (EW) and inclusion of oat hulls in the diet on BW (g) and BW uniformity1 (UNI) of
the pullets.

At hatch 5 wk 10 wk 16 wk

BW, g UNI BW, g UNI BW, g UNI BW, g UNI

EW
47.0 to 47.9 g 32.5 2.7 256 13.0 735 11.8 1,394 9.0
48.0 to 48.9 g 33.1 3.1 268 12.8 746 11.0 1,401 9.2
49.0 to 49.9 g 33.3 3.0 263 12.5 728 12.2 1,399 8.3
50.0 to 50.9 g 33.6 3.0 269 12.0 743 12.3 1,408 8.2
51.0 to 51.9 g 35.0 3.0 271 11.4 738 10.5 1,382 9.0
52.0 to 52.9 g 35.6 2.7 267 11.4 727 10.2 1,375 8.8
53.0 to 53.9 g 35.8 2.8 272 12.3 741 12.1 1,393 9.5

Oat hulls
0% 34.1 2.9 266 12.4 735 11.3 1,392 9.3
3% 34.2 3.1 269 12.1 739 12.1 1,395 8.9

SD2 0.53 0.42 12.3 1.72 29.1 2.46 42.1 1.76

———————————————————————Probability3—————————————————————————–
EW

L4 <.001 0.545 0.022 0.060 0.868 0.615 0.351 0.706
Q5 0.478 0.149 0.364 0.200 0.944 0.795 0.757 0.169

Oat hulls 0.921 0.108 0.355 0.251 0.630 0.095 0.779 0.507

1BW uniformity was estimated as the coefficient of variation (CV; %) of the individual BW of the pullets within each replicate (Peak et al., 2000).
2Standard deviation (8 or 28 replicates of 12 birds each for the main effects of EW and oat hulls, respectively).
3The interactions between main effects were not significant (P > 0.05).
4Lineal.
5Quadratic.

Table 4. Influence of pre-hatched egg weight (EW) and inclusion of oat hulls in the diet on growth performance of the pullets.

0 to 5 wk 5 to 10 wk 10 to 16 wk 0 to 16 wk

ADFI, g BWG, g/d FCR1 ADFI, g BWG, g/d FCR ADFI, g BWG, g/d FCR ADFI, g BWG, g/d FCR

EW
47.0 to 47.9 g 16.8 6.41 2.62 49.0 13.7 3.58 80.2 15.7 5.12 50.7 12.2 4.17
48.0 to 48.9 g 17.8 6.71 2.65 49.5 13.7 3.64 81.0 15.6 5.20 51.4 12.2 4.21
49.0 to 49.9 g 17.6 6.58 2.68 48.7 13.1 3.71 78.9 16.0 4.93 51.1 12.2 4.19
50.0 to 50.9 g 17.6 6.73 2.61 49.4 13.5 3.66 80.9 15.8 5.12 51.3 12.3 4.18
51.0 to 51.9 g 17.8 6.76 2.63 48.5 13.3 3.64 77.1 15.3 5.04 49.6 12.0 4.13
52.0 to 52.9 g 17.6 6.73 2.62 49.0 13.1 3.73 80.5 15.4 5.24 51.0 12.0 4.26
53.0 to 53.9 g 17.6 6.76 2.60 48.0 13.4 3.60 78.6 15.5 5.07 50.0 12.1 4.13

Oat hulls
0% 17.3 6.64 2.60 48.4 13.4 3.62 79.5 15.6 5.10 50.3 12.1 4.15
3% 17.8 6.70 2.66 49.3 13.4 3.69 79.7 15.7 5.11 50.1 12.2 4.19

SD2 0.89 0.33 0.11 2.57 0.71 0.23 5.21 0.76 0.38 2.51 0.38 0.21

———————————————————————-Probability3————————————————————————————
EW

L4 0.191 0.043 0.399 0.352 0.201 0.687 0.436 0.311 0.926 0.458 0.294 0.939
Q5 0.156 0.329 0.479 0.626 0.432 0.317 0.888 0.585 0.647 0.844 0.823 0.971

Oat hulls 0.024 0.511 0.044 0.176 0.969 0.282 0.848 0.862 0.923 0.399 0.752 0.495

1Feed conversion ratio.
2Standard deviation (8 or 28 replicates of 12 birds each for the main effects of EW and oat hulls, respectively).
3The interactions between main effects were not significant (P > 0.05).
4Lineal.
5Quadratic.

Growth Performance

Mortality was 2.7% and was not related to treat-
ment (data not shown). Most of the mortality (2.5%)
occurred during the first week of age. No interactions
between EW at hatch and inclusion of OH in the diet
on growth performance were detected at any age and
therefore, only main effects are presented.

Pre-Hatch EW The ratio between BW of the pullets
at hatch and EW varied from 69 to 67% for the smallest

and the biggest EW group. The BW of the pullets at
hatch (P < 0.001) and at 5 wk of age (P < 0.05) in-
creased linearly as the EW increased but no differences
were detected at 10 and 16 wk of age (Table 3). At 5 wk
of age, BW uniformity tended to increase (P = 0.060)
as EW increased but no differences were detected after
this age. Feed intake, FCR, ADEI, or ECR of the pullets
were not affected by EW at any age (Tables 4 and 6).

Inclusion of Fiber Oat hulls inclusion did not af-
fect BW or BW uniformity of the pullets at any age
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Table 5. Influence of pre-hatched egg weight (EW) and the in-
clusion of oat hulls in the diet on the average daily feed intake (g)
of the pullets 3 D before and 3 D after hot-blade beak trimming
at 18 D of age.

15 to 18 D 18 to 21 D

EW
47.0 to 47.9 g 20.6 10.7
48.0 to 48.9 g 20.2 11.4
49.0 to 49.9 g 19.8 11.9
50.0 to 50.9 g 20.6 10.6
51.0 to 51.9 g 21.1 11.3
52.0 to 52.9 g 20.4 10.8
53.0 to 53.9 g 20.7 10.5

Oat hulls
0% 20.4 11.1
3% 21.2 10.9

SD1 2.222 1.444

————–Probability2—————

EW
L3 0.615 0.411
Q4 0.622 0.234

Oat hulls 0.210 0.683
Age <.001

1Standard deviation (8 or 28 replicates of 12 birds each for the main
effects of EW and oat hulls, respectively).

2The interactions between main effects and age of the pullets were not
significant (P > 0.05).

3Lineal.
4Quadratic.

(Table 3). From 0 to 5 wk of age, fiber inclusion in-
creased ADFI (17.8 g vs. 17.3 g; P < 0.05) and impaired
FCR (2.66 vs. 2.60; P < 0.05) but BWG, ADEI, or ECR
were not affected (Tables 4 and 6, respectively). In fact,
in spite of the lower AMEn content of the fiber contain-
ing diet, no effects of OH inclusion were observed at

10 or 16 wk of age on any of the growth traits studied
(Table 3).

Gastrointestinal Tract and Body
Measurement Traits

No interactions between EW at hatch and inclusion
of OH in the diet were detected at any age on any of
the GIT or corporal traits studied and therefore, only
main effects are presented.

Pre-Hatch EW At 5 wk of age, the RW of the GIT
and the RL of the tarsus decreased linearly (P < 0.05)
with increases in EW but no differences were observed
after this age (Table 7). The RW and the pH of the crop
and gizzard, and the RW of the fresh digesta content
of the gizzard, were not affected by EW at any age
(Tables 8 and 9). Similarly, no differences were de-
tected at any age on the RL or pH of the SI or cecum
(Table 10).

Inclusion of Fiber At 5 wk of age, the RW of the
GIT was greater for pullets fed OH than for pullets fed
the control diet (18.3% vs. 18.0% BW; P < 0.05) but
no differences were observed after this age (Table 7).
Oat hulls inclusion did not affect the RW of the crop
at any age but increased that of the gizzard at 5 wk
(6.00% vs. 5.31%; P < 0.001), 10 wk (5.03% vs. 4.60%;
P < 0.001), and 16 wk (3.94% vs. 3.55%; P < 0.01)
of age (Tables 8 and 9). The pH of the crop and the
gizzard were not affected by OH inclusion at any age
except for the gizzard at 5 wk of age that tended to
decrease (1.79 vs. 1.98; P = 0.058) with OH inclusion.
Fresh digesta content of the gizzard was not affected
by OH inclusion at any age. Oat hulls inclusion had

Table 6. Influence of pre-hatch egg weight (EW) and inclusion of oat hulls in the diet on average daily energy intake1 (ADEI, kcal
AMEn) and energy conversion ratio (ECR, kcal AMEn/g BW gain).

0 to 5 wk 5 to 10 wk 10 to 16 wk 0 to 16 wk

ADEI ECR ADEI ECR ADEI ECR ADEI ECR

EW
47.0 to 47.9 g 48.1 7.51 136.0 9.9 217.4 13.9 139.1 11.4
48.0 to 48.9 g 50.9 7.59 137.4 10.1 219.5 14.1 141.2 11.6
49.0 to 49.9 g 50.3 7.66 135.0 10.3 213.9 13.4 138.1 11.4
50.0 to 50.9 g 50.3 7.48 137.2 10.1 219.6 13.9 140.9 11.5
51.0 to 51.9 g 50.9 7.52 134.4 10.1 209.1 13.7 136.3 11.3
52.0 to 52.9 g 50.4 7.50 135.8 10.4 218.2 14.2 140.0 11.7
53.0 to 53.9 g 50.4 7.45 133.1 10.0 213.1 13.8 137.2 11.3

Oat hulls
0% 50.1 7.54 136.0 10.2 218.5 14.0 140.1 11.6
3% 50.3 7.51 135.1 10.1 213.1 13.7 137.9 11.4

SD1 2.55 0.31 7.14 0.64 14.1 1.04 6.89 0.56

————————————————————————Probability2————————————————————————-
EW

L3 0.198 0.401 0.343 0.796 0.439 0.934 0.454 0.981
Q4 0.151 0.490 0.612 0.321 0.909 0.665 0.805 0.978

Oat hulls 0.699 0.751 0.639 0.679 0.159 0.190 0.238 0.169

1Standard deviation (8 or 28 replicates of 12 birds each for the main effects of EW and oat hulls, respectively).
2The interactions between main effects were not significant (P > 0.05).
3Lineal.
4Quadratic.
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Table 7. Influence of pre-hatch egg weight (EW) and inclusion of oat hulls in the diet on the relative weight (RW; % BW) of the
gastrointestinal tract (GIT) and the relative length (RL; cm/kg BW) of the tarsus.

5 wk 10 wk 16 wk

BW1 GIT Tarsus BW GIT Tarsus BW GIT Tarsus
(g) (RW) (RL) (g) (RW) (RL) (g) (RW) (RL)

EW
47.0 to 47.9 g 270 18.6 1.53 731 16.8 0.96 1,391 12.9 0.71
48.0 to 48.9 g 284 18.2 1.49 786 16.8 0.92 1,417 12.7 0.70
49.0 to 49.9 g 277 18.1 1.51 761 17.2 0.92 1,401 12.3 0.72
50.0 to 50.9 g 285 18.6 1.46 762 16.9 0.93 1,376 13.0 0.72
51.0 to 51.9 g 289 17.8 1.43 767 17.0 0.94 1,408 13.4 0.70
52.0 to 52.9 g 290 18.0 1.42 757 17.3 0.93 1,437 13.2 0.69
53.0 to 53.9 g 298 17.6 1.41 740 17.2 0.95 1,385 12.8 0.72

Oat hulls
0% 279 18.0 1.48 752 17.1 0.93 1,414 12.8 0.71
3% 290 18.3 1.44 763 17.2 0.93 1,390 13.0 0.71

SD2 0.77 0.16 0.83 0.08 1.14 0.03

————————————————————————-Probability3————————————————————————–
EW

L4 0.019 0.047 0.195 0.897 0.365 0.460
Q5 0.062 0.142 0.432 0.614 0.662 0.755

Oat hulls 0.012 0.359 0.762 1.000 0.667 0.373

1BW correspond to the average of the 2 birds slaughtered at this age and not to the average BW of all the birds of each treatment.
2Standard deviation (8 or 28 replicates of 12 birds each for the main effects of EW and oat hulls, respectively).
3The interactions between main effects were not significant (P > 0.05).
4Lineal.
5Quadratic.

Table 8. Influence of pre-hatch egg weight (EW) and inclusion of oat hull in the diet on relative weight (RW; % BW) and pH of the
crop.

5 wk 10 wk 16 wk

RW pH RW pH RW pH

EW
47.0 to 47.9 g 2.24 5.48 1.85 4.83 1.50 4.28
48.0 to 48.9 g 1.95 5.17 1.84 4.97 0.87 4.40
49.0 to 49.9 g 2.20 5.33 1.93 4.98 1.23 4.67
50.0 to 50.9 g 2.21 5.07 2.23 5.06 1.39 4.35
51.0 to 51.9 g 2.06 5.50 2.35 5.03 1.41 4.35
52.0 to 52.9 g 2.12 5.16 2.28 4.95 1.16 4.37
53.0 to 53.9 g 2.12 5.32 2.23 5.04 0.91 4.43

Oat hulls
0% 2.12 5.31 2.19 4.95 1.29 4.37
3% 2.13 5.27 2.01 5.01 1.13 4.44

SD1 1.04 0.496 0.953 0.264 0.775 0.385

————————————————-Probability2———————————————–
EW

L3 0.930 0.722 0.163 0.194 0.478 0.997
Q4 0.954 0.389 0.658 0.204 0.590 0.316

Oat hulls 0.936 0.789 0.486 0.393 0.452 0.309

1Standard deviation (8 or 28 replicates of 12 birds each for the main effects of EW and oat hulls, respectively).
2The interactions between main effects were not significant (P > 0.05).
3Lineal.
4Quadratic.

no effect on the RL of the tarsus (Table 7) or on
the pH or the RL of the SI and ceca (Table 10) at
any age.

DISCUSSION

The physico-chemical characteristics of the OH were
similar to those reported by Jiménez-Moreno et al.
(2009a,b) and González-Alvarado et al. (2010). The de-
termined nutrient content of the experimental diets was
close to expected values, except for the crude protein

of the diets fed from 10 to 16 wk of age that were 7.4%
higher than expected.

Effects of Stress Conditions on Pullet
Growth

Under commercial practices, chicks are pulled from
the hatchery within a 24 to 36 h window. Consequently,
early and mid-term hatched chicks remain for longer
periods under high temperatures than late hatched
chicks. Pinchasov and Noy (1993) reported that the
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Table 9. Influence of pre-hatch egg weight (EW) and inclusion of oat hulls in the diet on the relative weight (RW; % BW), fresh
digest content (% organ weight), and pH of the gizzard.

5 wk 10 wk 16 wk

RW Content pH RW Content pH RW Content pH

EW
47.0 to 47.9 g 5.77 34.0 1.82 4.92 28.4 2.71 3.66 26.4 2.89
48.0 to 48.9 g 5.64 33.1 1.93 4.52 28.3 2.92 3.74 28.8 2.69
49.0 to 49.9 g 5.72 33.0 1.75 5.04 28.3 3.07 3.56 25.9 3.00
50.0 to 50.9 g 5.68 34.2 1.90 4.66 29.3 2.83 3.67 25.7 2.85
51.0 to 51.9 g 5.54 34.1 1.96 4.65 29.2 2.96 3.82 28.9 2.80
52.0 to 52.9 g 5.69 34.0 2.00 5.08 30.2 2.81 3.89 28.8 2.85
53.0 to 53.9 g 5.53 33.6 1.84 4.85 28.9 3.04 3.88 26.4 2.99

Oat hulls
0% 5.31b 33.8 1.98 4.60b 29.7 2.97 3.55b 27.7 2.92
3% 6.00a 33.7 1.79 5.03a 28.2 2.84 3.94a 26.8 2.81

SD1 0.389 3.14 0.374 0.435 3.21 0.337 0.461 3.56 0.298

—————————————————————————Probability2————————————————————————-
EW

L3 0.292 0.764 0.551 0.503 0.324 0.307 0.166 0.663 0.519
Q4 0.859 0.981 0.726 0.460 0.764 0.539 0.555 0.802 0.546

Oat hulls 0.001 0.872 0.058 0.001 0.081 0.149 0.003 0.368 0.158

1Standard deviation (8 or 28 replicates of 12 birds each for the main effects of EW and oat hulls, respectively).
2The interactions between main effects were not significant (P > 0.05)
3Lineal.
4Quadratic.

Table 10. Influence of pre-hatch egg weight (EW) and inclusion of oat in the diet on the relative length (cm/kg BW) of the small
intestine and the ceca and on the pH of the ileum and the ceca.

Relative length pH

Small intestine Ceca Ileum Ceca

5wk 10 wk 16 wk 5 wk 10 wk 16 wk 5 wk 10 wk 16 wk 5 wk 10 wk 16 wk

EW
47.0 to 47.9 g 319 151 97.1 33.3 17.1 11.1 7.19 7.35 6.95 5.92 5.52 6.60
49.0 to 49.9 g 296 155 95.5 32.2 17.5 11.4 7.04 7.44 6.95 5.99 5.61 6.45
50.0 to 50.9 g 303 145 96.9 32.1 16.9 11.6 6.96 7.37 6.99 5.81 5.47 6.43
51.0 to 51.9 g 301 147 98.6 32.8 16.7 11.5 7.12 7.43 7.04 5.95 5.54 6.51
52.0 to 52.9 g 298 150 95.3 32.0 16.3 11.0 7.16 7.34 7.02 5.97 5.46 6.62
53.0 to 53.9 g 295 154 98.9 32.0 17.0 11.7 7.29 7.31 6.96 5.91 5.58 6.50

Oat hulls
0% 305 151 96.9 32.3 16.8 11.3 7.10 7.38 6.96 6.04 5.54 6.55
3% 297 148 96.9 32.4 16.8 11.5 7.22 7.40 7.01 5.92 5.51 6.50

SD1 25.7 12.5 4.42 3.38 1.71 0.79 0.339 0.143 0.204 0.383 0.277 0.216

——————————————————————————–Probability2————————————————————————-
EW

L3 0.235 0.720 0.399 0.575 0.712 0.443 0.860 0.154 0.559 0.324 0.981 0.951
Q4 0.395 0.283 0.483 0.801 0.922 0.610 0.080 0.211 0.477 0.912 0.967 0.193

Oat hulls 0.250 0.346 0.966 0.969 0.255 0.288 0.162 0.458 0.436 0.255 0.701 0.359

1Standard deviation (8 or 28 replicates of 12 birds each for the main effects of EW and oat hulls, respectively).
2The interactions between main effects were not significant (P > 0.05).
3Lineal.
4Quadratic.

duration of the post-hatch holding period (time spent
at the hatchery plus time for transport and placement
at the farm without access to feed and water) affected
early growth of broilers and turkey poults, an effect
that was more pronounced under high ambient tem-
peratures and poor transport conditions. de Jong et al.
(2017) reported that deprivation of the access to feed
and water after hatch (e. g. 12 to 36 vs. 0 to 12 h) re-
sulted in a significant reduction in BW of the broilers at
6 wk of age, consistent with the data reported herein for
pullets.

According to Lohmann (2018), the desired tempera-
ture at bird level for optimal growth for the first 4 D
of life, should be within a range of 36 to 33◦C, with
careful attention to sudden changes of ambient tem-
perature during the day. Low temperature during the
first days of life, however, is one of the major problems
affecting welfare and chicken growth under commercial
conditions (Huff et al., 2007, 2015; Piestun et al., 2017).
In this respect, Huff et al. (2007) reported a 9.3% re-
duction in BW in turkey poults subjected to low en-
vironmental temperature during the first week of age
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compared to poults kept under standard temperature,
in agreement with the data reported herein for pullets.

Garćıa et al. (2019) observed significant reductions in
ADFI in pullets after beak treatment, either by infrared
technology at the hatchery or hot-blade trimming at the
farm at 8 D of age. Carey and Lassiter (1995) reported
a reduction in ADFI in pullets for the 2 wk following
hot-blade beak trimming at 63 or at 84 D of age, but
they observed that the birds recovered quickly from the
stress associated to the process. The information avail-
able confirms that a compensatory growth occur, in all
type of birds, few days after beak trimming, consistent
with the results reported herein.

In the current research, the stress conditions applied
to the pullets early in life (extended hatching window
and transport time, compromised access to feed and wa-
ter for the first 7 D of life, low light intensity, reduced
room temperature at night, and hot-blade beak trim-
ming at 18 D of age) reduced pullet growth. The neg-
ative effects of the stresses applied, although decreased
with age, were still evident at the end of the rearing
phase.

Growth Performance

Pre-Hatch EW The BW of the pullet at hatch and
at 5 wk of age decreased linearly as the EW decreased
but no differences were detected after this age. Iqbal
et al. (2017) reported also that the positive correlation
between EW and BW decreased with age. In this
respect, Tufft and Jensen (1991) indicated that EW
was the most important factor affecting BW at hatch
in broilers but that the differences in BW disappeared
after 3 wk of age. Similarly, Patbandha et al. (2017)
reported that the differences in BW of broilers weigh-
ing from 41 to 48 g at hatch diminished rapidly after
hatching, with effects becoming insignificant after 15
D of age. Also, Pinchasov (1991) reported that the ad-
vantage of BW at hatch, resulting from the incubation
of larger eggs, diminished rapidly after hatching, with
correlations that became insignificant after 5 D of age.

Body weight uniformity at 10 and 16 wk of age was
not affected by EW, in agreement with previous re-
search in broilers (Hearn, 1986) and pullets (Garćıa et
al., 2019; Wilson, 1991). All this information suggests
that growth performance of pullets, differing in BW at
hatch, responds similarly to poor management practices
early in life, in agreement with the results of the current
research. The data reported herein suggest that sorting
chicks by initial BW, with a concomitant increase in
BW uniformity of the chicks within each replicate, re-
duces the potential competition for feed procurement
among pullets, resulting in greater BW of the birds at
the end of the rearing period. The data suggest that
pullets from small eggs segregated in groups of similar
EW at hatch, can be used successfully in commercial
operations, if the management conditions applied dur-
ing the rearing period are optimized. Consequently, this

practice will result in improved production and better
economics of the breeder flock.

Inclusion of Fiber From 0 to 5 wk of age, the in-
clusion of 3% OH in the diet increased ADFI by 2.9%
and impaired FCR by 2.3% as an average, but did not
affect ADEI, ECR, or BWG. Moreover, after 5 wk of
age, OH inclusion did not affect growth performance or
BW uniformity of the pullets, in spite of the lower en-
ergy and amino acid content of the OH containing diet.
Chickens eat to satisfy their energy requirements and
consequently, ADFI should increase when high fiber,
low energy diets are fed. Guzmán et al. (2015b) ob-
served that the inclusion of additional fiber in the diet
fed from 0 to 5 wk of age increased ADFI of the pullets,
without affecting ADEI, in agreement with the results
of the current research. In experiments conducted with
broilers, the inclusion of up to 3% of a fiber source in the
diet, did not affect ADFI but improved BWG and FCR
(González-Alvarado et al., 2007; Jiménez-Moreno et al.
2009a, 2016). Furthermore, Kimiaetalab et al. (2017;
2018) reported that the inclusion of 3% sunflower hulls
in the diet, in substitution of the whole diet, did not
have any detrimental effect on growth performance of
both pullets and broilers from 1 to 21 D of age. All these
data agree with the suggestion of Mateos et al. (2012)
indicating that growth performance of young birds ben-
efits from extra dietary fiber such as OH, although the
results of the current research suggest that the advan-
tage might be less noticeable in pullets than in broilers.

Gastrointestinal Tract and Body
Measurement Traits

Pre-Hatch EW Previous research (Frikha el al.,
2009; Kimiaeitalab et al., 2017; Mateos et al. 2012) re-
ported a positive relation between GIT development
and bird performance during early stages of life. Sklan
et al. (2003) observed that the RW of the GIT (e.g.,
jejunum, ileum, and caecum) at 5 D of age was lower in
broilers hatched from large eggs than in broilers hatched
from light eggs (53.1 g vs. 43.5 g). In the current re-
search, the RW of the GIT at 5 wk of age decreased as
the EW (and the initial BW of the pullets) increased
but no effects were detected thereafter. Moreover, no
effects of EW on any of the GIT traits studied were de-
tected at any age. Garćıa et al. (2019) reported that BW
of pullets, segregated by initial weight at hatch, did not
affect the RW, the RL, or the pH of the different organs
of the GIT at 15 wk of age, consistent with the results
reported herein. Furthermore, the above mentioned au-
thors reported that the characteristics of the GIT were
similar in pullets weighing 33.9 g than in pullets weigh-
ing 37.6 g at hatch when the birds were sorted by initial
BW and then kept under adequate rearing conditions
to 15 wk of age.

An increase in tarsus length suggests better devel-
opment of the skeleton and of the anatomical and
physiological structure of the bird (Cleasby et al., 2011)
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which could benefit future egg production (Guzmán et
al. 2015a; Iqbal et al., 2016; Senar and Pascual, 1997).
In the current research, the RL of the tarsus decreased
linearly with increases in EW at 5 wk of age, but no
differences were observed after this age. In fact, no dif-
ferences because of EW, in absolute tarsus length, were
observed at any age. Probably, the difference in RL at
this age was a consequence of difference in BW, with-
out any effect on other physiological variables. Overall,
the results of the current research suggest that sorting
pullets from eggs ranging between 47 to 54 g, by initial
EW, did not affect the growth or the development of
the GIT or of the tarsus at the end of the rearing phase.

Inclusion of Fiber The RW of the GIT at 5 wk of
age and that of the gizzard at all ages, increased when
the pullets were fed 3% OH. González-Alvarado et al.
(2008, 2010) reported an increase of the RW of the giz-
zard of 32% at 22 and of 81% at 42 D of age, in broilers
fed 3% OH. Moreover, Hetland et al. (2003) observed a
26% increase in gizzard weight in broilers fed 10% OH
compared with broilers fed a control diet at 33 D of
age. Similarly, Guzmán et al. (2015a) observed in pul-
lets that the inclusion in the diet of certain inert fiber
sources, such as 4% cereal straw, increased the RW of
the gizzard by 26% at 10 wk of age, although no effects
were detected after this age. Kimiaeitalab et al. (2017)
reported that the inclusion of 3% sunflower hulls in the
diet increased the RW of the gizzard, of both pullets
and broilers, at 21 D of age by 33% as an average.

Fiber inclusion tended to decrease the pH of the
gizzard at 5 wk of age, in agreement with previous
research in broilers (González-Alvarado et al., 2007;
Jiménez-Moreno et al., 2009a, 2019; Sacranie et al.,
2012) and pullets (Guzmán et al., 2015a; Kimiaeitalab
et al., 2017). All these data suggest that the inclusion
in the diet of appropriate amounts of an insoluble fiber
source, such as OH, stimulates the development of the
gizzard and the production of HCl, increasing organ size
and reducing the pH of the digesta at the early stages
of the rearing period.

In conclusion, stress conditions applied to the pul-
lets for the early days of life, together with beak trim-
ming at 18 D of age, had considerable negative effects
on pullet performance at all ages, although the effects
were less pronounced with age. Pre-hatch eggs laid by
young breeders and weighing more than 47 g (>32.5 g
BW at hatch), produce commercial pullets with simi-
lar growth potential than heavier pullets (35.8 g BW
at hatch), provided that the chicks are segregated at
hatch and that the management practices after the first
days of life are adequate. Pullets fed diets with 3% OH
show better gizzard development but similar RL of the
SI, ceca, and tarsus than pullets fed the control diet.
Growth performance of pullets reared under stress con-
ditions early in life, are not affected by the initial BW
of the birds or by the inclusion of 3% OH in the diet at
16 wk of age. The data suggest that at 16 wk of age, the
growth performance of a pullet flock within a range in
EW between 47 and 54 g, might depend more on BW

uniformity, obtained by initial segregation by EW, than
on the BW of the birds at this age.
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