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Abstract

The early management of one-day-old broiler chicks can have a tremendous impact on their subsequent
development. Therefore, the establishment of management practices to improve their growth
performance is essential, beginning at the hatchery. The objective of this study was to evaluate the
morphological changes of the duodenum mucosa due to different incubation periods and fasting time
in one-day-old broiler chicks. Twenty-four one-day-old chicks were divided in two groups of 12 animals
according to two hatching periods: 490 and 496 hours. Each group was divided into three subgroups,
which were subjected to different fasting periods: zero (control), 24 and 48 hours. Four chicks from each
subgroup were euthanized at the respective fasting time and samples of the small intestine were collected
for histomorphometrical analysis. The results showed that the incubation period affected body and small
intestine weights, which were higher at 490-h (P < 0.05). Additionally, 496 hours of incubation promoted
severe alterations in the duodenum wall such as Lower Villus Height (VH), Crypt Depth (CD), Mucosal
Height (MH), and Smaller Absorptive Area (AA) (p<0.01). When evaluating the fasting periods, similar
changes in the duodenum wall were also observed, and became more evident at the longer fasting period
(48 hours). An incubation/fasting period interaction was observed, revealing that longer incubation
period reduced the absorptive area regardless of the fasting period duration. Therefore, longer incubation
periods and extended fasting have deleterious effects on the development of the small intestine from
broiler chicks, which can limit nutrient utilization and their subsequent growth performance.
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Abbreviations: MH: Mucosa Height; VH: Villi Height; DV: Villus Diameter; CD: Crypt Depth; HE:
Enterocytes Height; AA: Absorptive Area; V/C: Villus Height to Crypt Depth Ratio

Introduction

The production chain of broiler chickens has an important position in the world poultry
industry, especially in Brazil, which is the third world producer but the first in terms of
technology [1]. This is mainly due to its fast production cycle, reduced production costs
compared to other protein sources, leading to an increase consumption by the massive
world population [2]. To meet such a demand, quality of the one-day-old chicks must fulfil all
requirements of the production cycle from birth to slaughter to improve production indexes
[3,4].

One-day-old-chicks come from hatcheries in which most of them employ multiple stage
type incubators. In this system, eggs are incubated at least twice a week until the end of the
incubation period, leading to eggs at different stages of embryonic development in the same
environment [5]. Hence, eggs hatch at different times, and the hatching range varies from 24
to 48 hours. However, to facilitate management, all chicks are removed from the hatchery at
the same time, giving rise to individuals born at different stages of development (19 to 21
days after incubation) [5,6]. Giving this scenario, chicks that are born first remain longer in
the birth chambers, exposed to early dehydration. Such a procedure may have a tremendous
impact on the chicks’ subsequent development mainly due to lack of feeding uniformity, as
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there are chicks that may be subjected to at least 48 hours fast
[7]. Thus, the fasting period will reflect on the chicks’ intestinal
development, because the presence of food in the intestinal lumen
is an essential stimulus for growth and maturation [8].

During the first week of life, the chicks develop physiological
adaptations in response to the change from an intra- to an extra-
egg environment and thus switching from an endogenous to
an exogenous diet [9]. In this period, the gastrointestinal tract
develops up to five times faster than the other organs [10,11], and
although anatomically complete, its functional capacity has not
come to a complete maturation. In this sense, it is essential that the
small intestine rapidly reaches its functional capacity so that the
nutrients are used more efficiently [10-12].

One-day-old chicks’ uniformity is increasingly important
because it contributes to the economic efficiency of the flock, and
for this reason, the identification of technical problems is essential
to produce excellent quality chicks. The incubation time and the
gap between birth and access to first feeding, if inadequate, can
interfere in the development of organs, such as the small intestine
and consequently, in its capacity to absorb nutrients. Considering
that the body weight of one-day-old chicks has a high correlation
with body weight at slaughter, inadequate management during this
period may reduce the chick’s initial viability thus affecting body
weight at slaughter, leading to low profitability. Considering these
issues, the present study aimed to evaluate the effects of different
incubation periods, associated to different fasting times, on the
morphology of the duodenum in one-day-old broiler chicks using
histomorphometrical approaches.

Materials and Methods
Ethical committee

The present study was performed according to the resolution
01/2010 of the Animal Experimentation Control Council. The
protocol was approved by the Commission of Ethics in the use of
Animals by the Federal University of Minas Gerais (protocol# 289
/ 215).

Animals and histological procedures

Twenty-four broiler chicks (Cobb breeders) from a commercial
hatchery were randomly selected during the normal hatching
process, and divided in two groups of 12 chicks each, according
to two hatching periods: 490 and 496 hours. All birds were
weighed and subsequently allocated to three subgroups, which
were subjected to different fasting times: zero (control), 24 and
48 hours. At the end of the respective fasting period, four chicks
from each experimental group were euthanized by decapitation
and necropsied for the collection of the small intestine, which was
weighed, and fragments of the duodenum were taken. Afterwards,
these fragments were fixed by immersion in Bouin’s solution for
24 hours and embedded in paraffin (Paraplast, Merck). Five um
thickness histological sections were stained with hematoxylin
and eosin and used for morphological and histomorphometrical
analysis.

Histomorphometrical analysis

The histomorphometrical studies of the duodenum were
performed through the use of digital images obtained from an
Olympus BX51 photomicroscope equipped with a Q-Color 3
(Olympus) digital camera. Using the Image-Pro Express program
(Media Cybernetics), several measurements were obtained from
the digital images of the duodenum wall:

1. Duodenal Mucosa Height (HM)- from the muscularis
mucosae up to the apex of the villus;

2. Villi Height (HV), from the base up to the apex of the villus;
3. Villi Diameter (DV);

4. Intestinal Crypt Depth (CD), from the muscularis mucosae
up to the base of the villus and

5. height of the enterocytes (HE). All digital images were
obtained in an x80 magnification and for each parameter evaluated
at least ten measurements were obtained.

In order to determine if the effects of the incubation period
and fasting time could functionally affect the intestinal absorption
capacity, it was determined the relationship between villi and
intestinal crypt as well as the area of intestinal absorption, using
the formula described by Kisielensky et al. [13].

villus width .

crypt width 27 villus width 2
2 2 2
[villus width . crypt width)

2 2

(villus width - villus length) + (

Statistical analysis

The trial design was a 2x3 factorial arrangement in a completely
randomized design, where the factors included in the model were
incubation period (490- and 496-hours), fasting time (0, 24 and 48
hours) and their interactions. Chicks were the experimental unit
and all the statistical analyses were conducted using the Software
SAS [14]. Significance was established at p<0.05 for all the analyses,
and the results are presented as mean * standard error (SEM).

Results and Discussion
Biometrical data

Table 1 describes the effects of incubation period and fasting
time on body and small intestine weights of the broiler chicks. Body
weight was affected by the incubation period, as chicks from the
490-h group showed higher body weight compared to their 496-
h counterparts (p<0.05). Concomitantly, fasting time also affected
body weight, as chicks subjected to 48 hours fasting presented
lower body weights compared to the other experimental groups
(p<0.05). In addition, small intestine weight decreased with longer
incubation and fasting periods (p<0.05). Interestingly, incubation
period did not affect the small intestine to body weight ratio.
However, this ratio increased with fasting period, demonstrating
a non-proportional relationship between body weight and small
intestine weight (p<0.05).
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Table 1: Body and small intestine weights (g) of broiler chicks submitted to different incubation periods (490 and 496
hours) and fasting times (0, 24 and 48 hours). a,b,c means followed by different superscripts in the same column differ
(p<0.05). *Interaction between fasting time and incubation period.

Treatments ‘ Body Weight (BW, g) Small Intestine Weight (SIW, g) SIW/ BW
Incubation Period
490 (n=12) 45.0+0.72 1.55+0.03* 0.034+0.001°
496 (n=12) 38.3+0.7° 1.32+0.03° 0.034+0.0022
Fasting Time
0 (n=8) 44.2+0.9° 1.20+0.03* 0.027+0.002*
24(n=8) 42.3+0.92 1.73+0.03° 0.041+0.001°
48(n=8) 38.3£0.9° 1.37+0.03¢ 0.036+0.002°
Probability
I“C“bat(‘l‘g; period p<0.001 p<0.001 p<0.001
Fasting time (F) p<0.05 p<0.05 p<0.001
* (= -
FxIP* (n=4/sub NS NS p<0.05
group)

Histomorphometrical analysis

The histomorphometrical
duodenum wall of broiler chicks are shown in Table 2. The 496-hour

parameters evaluated in the

incubation period affected the duodenum morphology, which was

shown by Smaller Villus Height (VH), Crypt Depth (CD), Mucosal
Height (HM), and Absorptive Area (AA) (p<0.01). Concomitantly,
fasting period also affected histomorphometrical parameters
analyzed, which increased along the fasting period (p<0.01) Figure
1.

490 hours of incubation

zero-hour fasting

496 hours of incubation

Figure 1: Photomicrograph of the duodenal mucosa showing

A. Interaction between 490 hours of incubation and zero hour fasting

B. Interaction between 496 hours of incubation and zero hour fasting

C. Interaction between 490 hours of incubation and 48 hours fasting and

D Interaction between 496 hours of incubation and 48 hours fasting. V: Villus; C: Crypt; SM: Submucosa.

Bar=180 um.
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Table 2: Histomorphometrical evaluation of broiler chicks submitted to two incubation periods (490 and 496 hours) and
three fasting times (0, 24 and 48 hours). a,b,c means followed by different superscripts within the same column differ

(P< 0.05).
Treatments ‘ VH (pm) VD (pm) CD (pm) MH (pm) HE (pm) AA (mm) ‘ v/C
Incubation Period
490 587.3+£12.8% 104.7+3.3° 116.2+4.8° 704.3+16.3° 31.8+0.8° 66.5+2.8° 5.4+0.22
496 487.3+13.5° 99.2+3.22 91.7+5.0° 578.7+17.2° 31.3+0.3° 53.8+2.3° 5.5+0.2°
Fasting Time
0 461.6+15.7° 88.6+4.0° 71.7+6.0¢ 533.0+20.0° 27.6%1.0° 45.3+2.8° 6.6+0.3%
24 575.5£17.0* 102.8+4.3° 102.2+6.4° 677.8+21.6° 30.8+0.9" 64.0£3.0° 5.7+0.32
48 574.8+15.7° 114.5+4.0* 137.8+6.0° 713.7+20.0? 36.0+0.9° 71.3£2.8° 4.2+0.3°
Probability
P p<0.01 NS p<0.05 p<0.01 NS p<0.05 NS
F p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01
FxIP" NS NS NS NS NS p<0.05 NS

IP: Incubation Period; SE: Stander Error; F: Fasting; NS: Not Significant. *Interaction between fasting time and incubation

period.

The interaction between incubation period and fasting time
revealed a difference in the duodenal absorptive area in one-day-
old chicks (p<0.05) Table 3. Under 490 hours of incubation, the
absorptive area remained similar in all groups, regardless of fasting

Table 3: Interaction between fasting times (0, 24, 48 hours

time. Moreover, there was a reduction of the duodenal absorptive
area in chicks subjected simultaneously to 496 hours incubation and
from zero to 24 hours fasting, however this difference disappeared
in the period of 48 hours fasting.

) and incubation periods (490 and 496 hours) on absorptive

area (mm). A,B,C means followed by different superscripts within the same column differ (P< 0.05). a,b,c means followed
by different superscripts within the same row differ (P< 0.05).

Fasting (h) Incubation Period (h)
490 496
0 56.4+4.0% 34.2+4.0%
24 72.0+4.042 55.8+4.6"
48 71.0%4.0% 71.6+4.08

The results of this study have generally described that the
adaptive response of the intestine and the functions of absorption
and digestion are affected by the incubation period and the fasting
time to which the animals are subjected. The association between
these two variables did not affect the body weight and small
intestine of the birds. However, when these data are analyzed
separately, the incubation period and the fasting time influenced all
parameters analyzed. In accordance to our hypothesis, fasting over
24 hours post-hatching compromises the development of the body
and small intestine in one-day-old chicks.

Similar results were previously described, in which live weight
reduction was observed in newborn chicks submitted to food
restriction in periods that exceeded 24 hours [15-17]. At 48 hours
of fasting, there was a 13% loss of body weight, which seems to be
progressive with increased fasting, as observed by other authors.
Pinchasov and Noy [18] reported a reduction of 10% in body weight,
however, when the restriction reaches 52 hours, the loss can reach
15% [19]. Therefore, fasting longer than 24 hours may accentuate
body weight loss as observed in this study, since in this period, the

yolk reserve is used primarily for the physiological maintenance of
the organism [4,20].

Also, in the present study, an increase of 6 hours of incubation
significantly influenced the initial performance of the chicks,
expressed by the reduction of 15% of the body weight of the birds
when compared to those that were incubated for 490 hours. In
commercial poultry, eggs from the same incubator do not hatch
synchronously, as variations in temperature, hen’s age and egg size
may delay shell breaking [21]. However, since newborn chicks are
withdrawn simultaneously, those born first are more exposed to
high temperatures and deprived of food, and may suffer momentary
dehydration and ketosis, resulting in rapid weight loss due to
muscle glycogen breakdown as an energy source [8].

It has been observed that periods of prolonged incubation and
rapid post-hatching reduce the weight of the small intestine. In
agreement with our results, Noy and Sklan [16] also demonstrated
drastic reduction of the intestine from newly hatched chicks in 48
hours, since the body weight increased 60% in that period, against
200% in normally fed chicks [15,22].
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The duodenal histomorphometric changes reported in the
present study provide important information on the relevance of
initial management in broiler chicks, since prolonged incubation
and fasting time greatly compromised duodenal epithelial
morphology. In previous studies, post-hatching food restriction also
promoted impairment of the intestinal epithelium, expressed by the
reduction of villi associated with crypts, formation of agglomerates
of microvilli and reduction of the absorptive area [23-25].

The permanence of intestinal epithelial homeostasis depends
on the balance of two cytological phenomena associated with
the normal process of cell renewal: proliferation and apoptosis.
Duodenal epithelial cells are constantly renewed because of their
functional characteristics, which are lost at the apex of the villi
and replaced by those that proliferate from stem cells located in
the crypts [26]. However, this study demonstrated that prolonged
fast may have promoted an imbalance in cellular turnover, leading
to structural modification of the epithelium, expressed by the
reduction of villi and increase in crypts depth, and consequently
lower villi/crypt ratio. Likewise, a longer incubation period
negatively impacted all these parameters and also reduced mucosal
height. The villous atrophy observed in this study may be caused by
increased cell death rate or reduced turnover rate, so that shorter
villi can be interpreted in two ways [27]. Our results also reported
an association of shortening of villi associated to deep crypt, which
may indicate a stimulus in the proliferative activity of stem cells to
compensate for cell losses but insufficient, indicating that the rate
of apoptosis was higher than the rate of renewal.

The results showed that the longer the fasting time, the lower
the villus/cryptratio. This parameter is considered a good indicator
of mucosal renewal, so that short villi with deep crypts seem to
indicate lower rate of cell turnover and consequently alteration
in absorptive capacity, which may affect subsequent performance.
In addition, incubation for 496 hours reduced the extent of the
duodenal absorption area, indicating that nutrient absorption is
considerably limited.

The results of this study have generally described that the
adaptive response of the intestine and the functions of absorption
and digestion are affected by the incubation period and the fasting
time to which the animals are subjected. These findings suggest
that the earlier the chick is fed, the greater the development of the
small intestine and duodenal epithelium, resulting in better final
digestion and nutrient uptake [16].

Conclusion

Taken together, our results showed that longer incubation
periods and extended fasting time have deleterious effects on the
development of the small intestine from broiler chicks, which can
limit nutrient utilization and their subsequent growth performance.
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