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This study clarified the histological changes in the mucosal epithelium of the chicken intestine during the pre- and post-
hatching stages. The duodenum, jejunum, ileum, and colorectum were collected from embryos at 15, 17, 18, 19, and 21 days 
of incubation and from chicks at 1 and 3 days after hatching. Paraffin sections prepared from tissue samples were stained 
with periodic acid-Schiff followed by alcian blue for histological analysis and to detect goblet cells. Villin and β-actin were 
detected using double immunofluorescence. Villi with finger-like shape were already observed in embryos after 15 days of 
incubation, and no obvious change in shape was observed even after hatching. Villous height increased in all intestinal regions 
as the developmental stage progressed, particularly a few days before and after hatching. Goblet cells first appeared in the 
epithelium of all intestinal regions after 18 days of incubation. The density of goblet cells rapidly increased from 18 to 21 days 
of incubation. Both villin and β-actin immunoreactivities were detected at the apical surface of the villous epithelium in all 
intestinal regions, and villin immunopositivity was stronger in the jejunum and ileum after hatching. These findings indicate 
that the villi and microvilli of the intestine of broiler chickens show histological changes during few days just before and after 
hatching. Additionally, the density of goblet cells rapidly increased for a few days before hatching.
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Introduction

The intestinal tract, particularly the small intestine, has spe-
cialized villi morphology, which is suitable for the digestion and 
absorption of ingested feed. The cells that make up the muco-
sal epithelium of the small intestine are divided into three main 
groups: absorptive epithelial cells, goblet cells and endocrine 
cells. Absorptive epithelial cells form the majority of the con-
stituent cells and have a structure that is conducive to the absorp-
tion of nutrients, which is the main function of the intestinal tract. 

There are numerous brush-like projections on the apical surface 
of these cells, which may be described as microvilli. The core 
of the microvilli is made up of β-actin, to which many proteins, 
including villin, bind to maintain the microvilli skeleton[1,2]. 
Microvilli are composed of 20-30 β-actin filaments and homoge-
neous extensions[3]. Actin has complex interactions with cellular 
membranes and mediates many functions, such as cell motility 
and maintenance of cell shape in chicks[4] and mice[5]. Villin 
is the first crucial actin-binding protein to locate to the apical 
surface of enterocytes[4,5]. These findings indicate that actin and 
actin-binding proteins play important roles in the functional ex-
pression of absorptive epithelial cells.

Numerous goblet cells are scattered throughout the epithelium 
of the intestinal tract and secret the glycoprotein mucin, which 
forms a protective mucus layer on the surface of the epithelium 
that protects intestinal tissues from foreign substances in the in-
testinal lumen. The lumen of the intestinal tract contains numer-
ous bacterial florae, which are trapped in the mucus layer on the 
surface of the intestinal epithelium, protecting the organism from 
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bacteria. Therefore, goblet cells are important for chicks to ex-
hibit the same feeding habits as their parents after hatching.

Endocrine cells are also distributed in the mucosal epithelium 
of the intestine and secrete hormones such as glucagon-like pep-
tide-1 and neurotensin to support digestive tract function[6,7]. 
These hormones exert important physiological effects on intesti-
nal functions, including the regulation of motility and blood flow. 
Many types of endocrine cells are also in the chicken small intes-
tine and are responsible for regulating function[7].

In the early days after hatching, chicks rely on the yolk sac 
to meet their nutritional needs[8–10], and peck their feed in a 
manner that resembles the feeding behavior of their parents. 
This feeding behavior differs significantly from that of mam-
mals, which change gradually after birth. In addition, broilers 
show a rapid gain in body mass, reaching over 4,000g at 56 days 
of age. These results suggest that the functional morphology of 
broiler intestines contributes to the rapid increase in body mass. 
Although many studies have been conducted on the histologi-
cal changes in the chicken gastrointestinal tract before and after 
hatching, there is no consensus on the process of microvilli for-
mation and the characteristics of goblet cells. Few studies have 
focused on the morphological changes as the basis for rapid mass 
gain before and after hatching. The aim of this study was to de-
termine the histological changes in the mucosal epithelium of the 
intestine before and after hatching, particularly in absorptive epi-
thelial and goblet cells. The relationship between the rapid gain 
in body mass of broilers after hatching and the results obtained 
are also discussed.

Materials and Methods

The experimental protocol of this study was reviewed by the 
Shinshu University Committee for Animal Experiments and ap-
proved by the president of Shinshu University (approval number: 
021028).
General histology

Fertile eggs of White Cornish broiler were purchased from 
Hyogo Station of National Livestock Breeding Center (NLBC). 
Eggs were incubated in an incubator regulated at 37±1 °C and 
58-60% humidity. Tissue samples were collected at pre- and 
post-hatching stages when significant morphological changes 
were expected. Intestinal segments were collected from embryos 
at 15, 17, 18, 19 and 21 days of incubation and chicks at 1 and 
3 days after hatching. Six individuals were used in this study 
at each stage. The duodenum, jejunum, ileum, and colorectum 
were dissected out to obtain tissue samples. Tissue samples were 
rinsed with 0.75% sodium chloride solution and fixed in Bouin’s 
fluid (code No.023-17361, FUJIFILM Wako Pure Chemical Cor-
poration, Osaka, Japan) at 4 °C for 24 h. Processed samples were 
embedded in paraffin wax according to conventional methods. 
Paraffin sections were cut at 5 μm thickness with a microtome. 
To observe the general histology of each intestinal regions and 
goblet cells, sections were stained with periodic acid-Schiff 
(PAS) and Alcian blue (AB) and counterstained with Mayer’s he-
matoxylin solution (code No.131-09665, FUJIFILM Wako Pure 

Chemical Corporation, Osaka, Japan).
Morphometrical analysis

Morphometrical analysis of the villous height and density 
of goblet cells was performed under a light microscope (Axio-
Imager, Zeiss, Göttingen, Germany). For the villous height, 20 
well-oriented villi were randomly selected from each intestinal 
region of each bird. The height of 400 villi was measured at each 
stage. The density of goblet cells was measured as previously 
described[11].
Double immunofluorescence

To detect immunoreactivities of villin and β-actin, the double 
immunofluorescence method was carried out by a previously de-
scribed method[11]. Deparaffinized sections were treated with 
antigen retrieval solution (Immunosaver, Nisshin EM, Tokyo, 
Japan) at 98°C for 40 min and transferred to 10% normal goat 
serum. Sections were incubated with mouse anti-villin mono-
clonal antibody against chicken villin (diluted 1:20, sc-58897, 
Santa Cruz Biotechnology, Dallas, TX, USA) for 24 h followed 
by a 24 h incubation with rabbit antiserum against C-terminal of 
human β-actin (diluted 1:5,000, GTX109639, Gene Tex, Irvine, 
CA, USA), that has been demonstrated to be crossreactive with 
chicken β-actin by the manufacturer, for 24 hrs. After binding 
by primary antibodies, the sections were incubated with a mix-
ture of DyLight 549-labeled goat anti-rabbit IgG serum (diluted 
1:300, 611-142-122, Rockland Immunochemicals, Pottstown, 
PA, USA) and DyLight 488-labeled goat anti-mouse IgG se-
rum (diluted 1:300, 610-141-121, Rockland Immunochemicals, 
Pottstown, USA) for 3 h. After coverslipping with an aqueous 
mounting medium, the preparations were observed under a fluo-
rescence microscope (Zeiss). All incubations were performed in 
a moist chamber at room temperature. After each incubation step, 
sections were washed with phosphate buffered saline three times 
for 5 min each.

As negative controls, the primary antibodies against villin and 
β-actin were replaced by mouse anti-Ki-67 monoclonal antibody 
(1:20, MAB4190, Sigma-Aldrich, St. Louis, MO, USA) and rab-
bit anti-chicken IgG serum (1:5,000, A30-207A, Bethyl Labo-
ratories, Montgomery, TX, USA), respectively, and the same 
procedure was used for staining. A negative control in which the 
primary antibody was omitted was also performed.
Statistical analysis

One-way analysis of variance was used for the statistical 
analysis of data using Minitab version 21.2.0 where Tukey’s 
comparisons test was used to measure the significant difference 
among the intestinal segments on each incubation day. Data are 
presented as the mean ± standard deviation (SD). Statistical sig-
nificance was set at P < 0.05.

Result

General histology
The villi showed a finger-like shape in all intestinal regions 

of the embryos after 15 days of incubation, and no obvious dif-
ferences in shape were observed even after hatching (Fig. 1a-d). 
Crypts were observed in the epithelium of the whole intestine 
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before hatching, but were not well developed. However, they 
were well-defined and contained several mitotic cells 3 days af-
ter hatching. PAS-positive cells were first observed after 18 days 
of incubation and were not detected before that stage. These cells 
were distributed in the villous epithelium of all intestinal regions. 
In the embryonic stages, most goblet cells in each intestinal re-
gion contained small and round mucigens showing PAS-positive 
staining; however, they became elongated after hatching (Fig. 
1e-h). In preparations stained with AB following PAS staining, 
no goblet cell showing PAS-positive reaction only was observed 
(Fig. 2). All PAS-positive cells were also AB-positive. 
Morphometrical analysis

Morphometric data for villous height are summarized in Table 
1. At all developmental stages, villous height was significantly 
higher in the duodenum and lower in the colorectum than those 
in other intestinal regions. Villous height significantly increased 

in all intestinal regions as the developmental stage progressed. 
However, there were differences in villous elongation among 
the four intestinal regions. The degree of villous elongation in 
the jejunum was approximately 2 fold during the 3 days before 
hatching (18DI to 21DI), but approximately 1.5 times during the 
3 days after hatching (21DI to 3DH). Villous elongation in the 
ileum and colon was approximately 1.3 and 1.5 fold during the 3 
days before hatching, but were approximately 2 fold during the 
3 days after hatching. The degrees of villous elongation in the 
duodenum 3 days before and after hatching were approximately 
1.8 and 2.0 fold, respectively.

The densities of goblet cells are shown in Table 2. The density 
of goblet cells was highest in the duodenum and lowest in the 
jejunum among the four intestinal regions in all developmental 
stages. The density significantly increased in all intestinal re-
gions as the developmental stage progressed, but increased more 

Fig. 1.  Light microscopic images of PAS reaction in duodenum (a, e, i), jejunum (b, f, j), ileum (c, g, k) and colorectum (d, h, l) 
from embryos at 15 days of incubation (upper columns) and 21 days of incubation (middle columns) and from chicks at 3 days 
after hatching (lower columns). There are almost no PAS-positive cells in the entire intestine from embryos at 15 days of incubation. 
PAS-positive cells (arrows) increase in their number after hatching throughout the intestine. Bars indicate 20μm.
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rapidly from 18 to 21 days of incubation compared to that after 
hatching.
Immunohistochemistry for β-actin and villin

Immunoreactivities for villin and β-actin were observed on 
the surface of villous epithelium at all intestinal regions (Figs. 
3, 4). Immunoreactivity for β-actin was observed in all intestinal 
regions at 15 days of incubation and covered the apical surface 

of absorptive epithelial cells (Fig.3a-d). This distribution pattern 
did not change as the stage progressed (Fig.3). However, the dis-
tribution patter of villin immunoreactivity chaged as the stage 
progressed. After 15 days of incubation, villin immunoreactivity 
was weak in the duodenum, jejunum and ileum (Fig.4a-c), and 
relatively strong in the colorectum (Fig.4d). Immediately before 
hatching, immunoreactivity was strong at the apical surface of 
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Fig. 2.  Light microscopic images of AB reaction following PAS reaction in duodenum (a, e, i), jejunum (b, f, j), ileum (c, g, k) 
and colorectum (d, h, l) from embryos at 15 days of incubation (upper columns) and 21 days of incubation (middle columns), 
and from chicks at 3 days after hatching (lower columns). AB-positive cells (arrows) show similar expression and distribution pat-
terns as PAS-positive cells in Fig. 1. There are no cells showing PAS-reaction only in all intestinal regions at all developmental stages. 
Bars indicate 20μm.

Table 1.  Villous height (μm) in the duodenum, jejunum, ileum, and colorectum at each developmental stage.
Stage Duodenum Jejunum Ileum Colorectum
15DI 99.5 ± 13.2 α, g 79.0 ± 11.4 β, f 63.9 ± 11.5 γ, g 23.7 ± 7.6 δ, g

17 DI 119.8 ± 27.2 α, f 91.9 ± 16.0 β, e 79.1 ± 13.8 γ, f 63.9 ± 11.7δ, f

18 DI 141.4 ± 32.5 α, e 115.5 ± 21.7 β, d 106.1 ± 16.1 γ, e 82.6 ± 18.2 δ, e

19 DI 196.2 ± 44.7 α, d 132.4 ± 17.9 β, c 120.4 ± 21.6 γ, d 93.9 ± 27.1 δ, d

21 DI 293.4 ± 52.9 α, c 241.0 ± 40.6 β, b 141.3 ± 24.7 γ, c 124.0 ± 28.8 δ, c

1 DH 336.9 ± 55.6 α, b 251.1 ± 40.8 β,b 186.7 ± 39.6 γ, b 167.8 ± 40.7 δ, b

3 DH 534.6 ± 46.6 α, a 358.8 ± 48.5 β, a 282.3 ± 37.9 γ, a 250.3 ± 35.2 δ, a

Values are presented as mean ± standard deviation. α>β>γ>δ: compared among four intestinal regions at the same stage (P< 0.05). a>b>c>d>e>f>g: 
compared among developmental stages in the same intestinal regions (P< 0.05). DI: days of incubation. DH: days after hatching.
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Table 2.  Density of goblet cells (number of cells/100 μm) in the duodenum, jejunum, ileum, and colorectum at each  
developmental stage.

Stage Duodenum Jejunum Ileum Colorectum
15DI - - - -
17 DI - - - -
18 DI 4.2 ± 1.3 α, e 1.4 ± 0.6 γ, e 1.9 ± 0.9 β, e 2.0 ± 0.9 β, e

19 DI 5.6 ± 1.4 α, d 2.9 ± 1.0 γ, d 3.6 ± 1.3 β, d 3.9 ± 1.1 β, d

21 DI 9.0 ± 1.8 α, c 4.5 ± 1.6 γ, c 5.1 ± 1.3 β, c 5.6 ± 1.8 β, c

1 DH 14.7 ± 2.9 α, b 8.2 ± 2.0 γ, b 10.4 ± 2.1 β, b 11.1 ± 2.1 β, b

3 DH 20.7 ± 3.2 α, a 11.8 ± 2.9 γ, a 13.1 ± 2.7 β, a 14.0 ± 2.6 β, a

Values are presented as mean ± standard deviation. α>β>γ: compared among four intestinal regions at the same stage (P< 0.05). a>b>c>d>e: compared 
among developmental stages in the same intestinal regions (P< 0.05). DI: days of incubation. DH: days after hatching. -: not detected.

Fig. 3.  Distribution of β-actin immunoreactivity in duodenum (a, e, i), jejunum (b, f, j), ileum (c, g, k) and colorectum (d, h, l) 
from embryos at 15 days of incubation (upper columns) and 21 days of incubation (middle columns), and from chicks at 3 days 
after hatching (lower columns). Immunoreactivity of β-actin is observed on the apical surface of the absorptive epithelial cells in all 
intestinal regions (insets). Bars indicate 20μm.



6

the absorptive epithelial cells in all intestinal regions (Fig.4e-h). 
Three days after hatching, villin immunoreactivity was not ob-
served on the outermost surface but was observed at the base of 
the microvilli of absorptive cells (Fig.4i-l). The localization of 
villin immunoreactivity in microvilli was marked in the jejunum 
(Fig.4j) and ileum (Fig.4k).

No immunoreactivity was observed on the surface of the vil-
lous epithelium when primary antibodies were replaced with oth-
er antibodies (Fig.5). Similar results were obtained when primary 
antibodies were omitted.

Discussion

The present study demonstrated that the villi of chick intes-
tine show histological changes before and after hatching. This 
suggested that the microvillous structure of absorptive epithelial 
cells in the jejunum and ileum was also completed at the same 
time. Intestinal villus is an anatomical structure that projects into 
the intestinal lumen[12], increasing surface area and allowing for 
efficient absorption of nutrients. Chicks are supplied with nutri-
ents from the yolk sac remnants for the first few days after hatch-
ing, while they are fed directly with exogenous diet. The immedi-
ate post-hatching period is a time of transition from a lipid-rich 
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Fig. 4.  Distribution of villin immunoreactivity in duodenum (a, e, i), jejunum (b, f, j), ileum (c, g, k) and colorectum (d, h, l) 
from embryos at 15 days of incubation (upper columns) and 21 days of incubation (middle columns) and from chicks at 3 days 
after hatching (lower columns). Villin-immunoreactivity is weakly observed on the apical surface of the absorptive epithelial cells 
throughout all intestinal regions at 15 days of incubation (insets of a-d), but is strongly found over the entire apical surface of the ab-
sorptive epithelial cells in all intestinal regions at 21 days of incubation (insets of e-h). At 3 days after hatching, villin immunoreactivity 
show similar distribution pattern to that at 21 days of incubation (insets of i-l), but is strongly observed at the base of the microvilli of 
the absorbing epithelial cells in jejunum and ileum (insets of j and k). Bars indicate 20μm.
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yolk as a source of nutrition to a carbohydrate- and protein-rich 
exogenous diet[13]. This transition is complemented by rapid 
gastrointestinal tract development[14]. During the first week 
after hatching, the weight of the small intestine increases more 
rapidly than body weight[13,15,16]. Growth of villi in the duo-
denum, jejunum, and ileum occurs at different ontogenetic times, 
and rapid morphological changes occur after hatching[13]. How-
ever, the present study demonstrated that regional differences in 
the degree of intestinal villi elongation occured before and after 
hatching in chickens. In the duodenum, significant elongation 
of the villi was observed 3 days before and 3 days after hatch-
ing. In the jejunum, significant elongation of villi was observed 
3 days before hatching, and in the ileum and colorectum, it was 
observed 3 days after hatching. These results indicated that, even 
after hatching, there were differences in histological changes in 
the epithelium depending on the intestinal region. These differ-
ences may be due to functional differences in each region, re-
sidual yolk sacs, or feeding effects; however, the reason for these 
differences remains to be determined.

Karcher and Applegate[17] have reported that the microvil-
lous length changes throughout the incubation period and that the 
villous tip increases from just after hatching to 3 days. Microvilli 
are fine finger-like projections that cover apical surface of ab-
sorptive epithelial cells and are at the forefront of intestinal ab-
sorptive function. The core of microvilli is composed of a bundle 
of β-actin and many other proteins that bind to it[18]. Villin is 
one of the β-actin-binding proteins related to the assembly of mi-
crovilli[19] and its expression increases with the developmental 
stage[20]. In this study, the mode of villin expression varied ac-
cording to the developmental stage. Before hatching, weak villin 
immunoreactivity was observed on the surface of the mucosal 
epithelium, but it was stronger just before hatching. Three days 
after hatching, villin immunoreactivity was observed throughout 
the microvilli in the jejunum and ileum but was absent at their 
tips. However, insulin receptor tyrosine kinase substrate (IRTKS) 

localizes to the distal tips of actively growing epithelial microvil-
li[21,22], which may explain the lack of villin immunoreactivity 
at the microvillous tips, as described above.

According to the results of the negative controls, the immuno-
reactivity for villin and β-actin observed in this study was neither 
nonspecific nor hyperreactive.

Goblet cells, which line the intestinal mucosal epithelium, syn-
thesize and secrete mucins, a glycoprotein. Mucins form a mucus 
layer that covers the surface of the intestinal epithelium[23]. The 
mucus layer functions as a barrier that protects the organism from 
toxic substances in the intestinal lumen[24]. Several studies have 
been conducted on goblet cell development in chickens, how-
ever, the results have been inconsistent. Uni et al.[23] have that 
goblet cells of Ross broilers were first observed after 18 days of 
incubation. Yu et al.[25] revealed that goblet cells of Arbor Acres 
broilers first appeared after 15 days of incubation. Reinolds et 
al.[26] have indicated that goblet cells are present in Cobb broil-
ers after 19 days of incubation; however, they did not make any 
experiments on earlier developmental days. In this study using 
White Cornish broilers, similar to the results of Uni et al.[23], 
goblet cells first appeared after 18 days of incubation in all intes-
tinal segments. Although there were discrepancies between these 
results, they were consistent in that goblet cells differentiated and 
developed in the days before hatching. Additionally, the density 
of goblet cells increased with stage progression. The density of 
goblet cells increased by 3.2 fold in the jejunum and 2.7 fold in 
the ileum from 18 days of incubation to just before hatching (21 
days of incubation). Yu et al.[25] have shown that the number of 
goblet cells in the jejunum and ileum increases by 4.5 and 7.1 
fold, resspectivly, from 18 to 21 days of incubation. Thus, during 
the period between the initial appearance and hatching, goblet 
cells rapidly increase in number and establish a defense system 
in the mucus layer against various pathogens.

Furthermore, almost all goblet cells showed AB-PAS positive 
staining, which did not vary according to developmental stage. 
AB (pH 2.5) binds acidic mucins and PAS agents bind neutral 
mucins. Generally, mucins can hold large amounts of water with-
in their molecules. Acidic mucins are charged negatively by their 
sulfate groups and can hold a lot of water in their molecules. This 
creates a physical barrier on the surface of the intestinal mucosa, 
thereby blocking invasion of bacteria and other organisms. Thus, 
in the broiler intestine, the number of goblet cells increases dur-
ing the pre-hatching period, creating a defense system against 
infection composed of acid mucins. Moreover, the pH of the 
contents in the chicken gastrointestinal tract is mostly acidic and 
differs from that of other domestic animals.. The percentage of 
acidic and neutral types of goblet cells in broilers varies accord-
ing to the developmental stage[27,28]. This discrepancy with our 
results may be due to differences in strains or feeding methods 
used. Further research is required to determine the factors re-
sponsible for this phenomenon.

This study concluded that the villi and microvilli of the in-
testine of broiler chickens showed histological changes during 
the few days before and after hatching to prepare for the diges-

Fig. 5.  Fluorescence microscopic images of negative con-
trols. Immunoreactivities are not observed on the surface of 
the villous epithelium in the ileum at 3 days after hatching. 
cIgG: chicken immunoglobulin G. Bars indicate 20μm.
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tion and absorption of exogenous nutrients. In addition, during 
the days prior to hatching, goblet cells rapidly increased in den-
sity and establish a defense system comprising the mucus layer, 
which was composed of acidic mucins.
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