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Collagen content and collagen fiber architecture in the skin of Shamo chickens were compared between sexes and body
parts. Cervical, thoracic, dorsal, femoral, and crural skin samples were collected and their collagen content was analyzed.
Collagen fiber specimens were prepared for scanning electron microscopy using the cell maceration method with a NaOH
solution. Sex differences in collagen content were only observed in the femoral skin of mature chickens, but not in 10-week-
old chicks. The difference in collagen content between body parts was obvious; femoral and crural skin had higher collagen
content than those of other parts in both sexes. Scanning electron microscopy indicated that the collagen fiber architecture was
quite different between the superficial and deep layers in the dermis, with the former consisting of loosely tangled band-like
collagen fibers, and the latter composed of thick and dense layers of collagen bundles in a parallel arrangement. The width of
collagen fibers in the superficial layer of the dermis differed between sexes in the dorsal, femoral, and crural skin. From these
results, it is likely that the difference in collagen content in the femoral skin is not due to sex hormones but other factors, such
as mechanical stimulation in daily activity. Additionally, collagen fiber width in the superficial layer is likely related to the

difference in collagen content between sexes and between body parts.
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Introduction

A Japanese specific game fowl, termed “Shamo” in Japan, is a
chicken breed that has been used for cockfights or meat produc-
tion. Currently, cockfighting is prohibited by ordinances in some
Japanese prefectures, and Shamo is not necessarily a popular
commercial chicken breed. Instead, it has been widely used as a
parent or grandparent stock to produce high-quality brand-named
chicken meat, owing to its large body size, firmness, and low-fat
meat.

Chicken meat is usually supplied with skin, and chicken skin
is consumed together with meat or sometimes separately. The
skin consists of the epidermis, dermis, and subcutaneous tissue.
The epidermis is the outermost layer of the skin. Blood vessels,
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nerves, and lymph vessels are distributed in the dermis. The
dermis is also a collagen-rich tissue, along with the bone and
cartilage. Together with elastic fibers, collagen fibers maintain
the structure of the skin and contribute to its strength and elas-
ticity. In birds, the dermis is divided into two main layers: the
superficial layer (Stratum superficiale) and deep layer (Stratum
profundum).

Collagen is an important factor for skin strength. Collagen
content in chicken skin differs among strains and between sexes
in broilers[1]. Pines et al.[2] report that collagen content and col-
lagen type I gene expression levels in the breast skin of broiler
chicks increases with growth and are higher in males than in fe-
males in the early developmental stage. Regarding sex differenc-
es in skin collagen, Rhode Island Red cocks have higher collagen
content than hens[3], but estradiol does not affect collagen con-
tent in the skin[3.,4]. Rhode Island Red and White Leghorn cocks
have similar skin collagen content[3]. In Shamo chickens, how-
ever, there is no information on the collagen content and morpho-
logical characteristics of collagen fibers in the skin, although a
few investigations on the weight and histochemical properties of
skeletal muscles have been conducted[5,6]. To improve chicken
meat, understanding the characteristics or properties of Shamo
chicken as an original stock for breeding is essential.
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In the present study, collagen content in the skin of several
body parts of Shamo chickens was investigated. Data were com-
pared between sexes, body parts, and between chicks and mature
chickens. In addition, the collagen fiber architecture in the dermis
was studied using scanning electron microscopy.

Materials and Methods

Ethics statement

All experiments were performed in accordance with the
Guidelines for Proper Conduct of Animal Experiments published
by the Science Council of Japan. All experimental protocols were
approved by the Ethics Committee of Kyushu University (ap-
proval no. A20-028-0).
Chickens

Five male and five female Shamo chickens aged 24-29 weeks
(five males and four females at 29 weeks old, and one female at
24 weeks) and the same number of 10-week-old chicks were used
in this study. The chickens were introduced as fertilized eggs or
chicks by the Fukuoka Agriculture and Forestry Research Center
(Fukuoka, Japan) to the Poultry Breeding and Experiment Fa-
cility, Faculty of Agriculture, Kyushu University, Japan. After
hatching, they were reared in a 2 x 1.5 m pen spread with wood
chips or sawdust and fed a commercial feed mixture and water ad
libitum. Because egg laying was confirmed in 25-week-old hens
for the first time, the chickens were assumed to have reached
maturity. Chickens were euthanized by exsanguination from the
carotid artery under deep anesthesia with an intravenous injec-
tion of pentobarbital sodium salt (Nacalai Tesque, Inc., Kyoto,
Japan). After plucking the feathers off, the cervical, thoracic, and
dorsal skin was dissected, together with the femoral and crural
skin from the lateral side.
Total collagen assay

Approximately 50 mg of skin pieces were excised to deter-
mine the collagen content. Samples were frozen in liquid nitro-
gen and stored at —20 °C until later analysis. A Total Collagen
Assay Kit (Quick-Zyme Biosciences B.V., Leiden, The Nether-
lands) was used to analyze the collagen content in accordance
with the manufacturer’s protocol. Briefly, | mL of 6 mol/L HC1
was added to each sample, followed by incubation at 95 °C for
20 h. After cooling the samples to room temperature, they were
centrifuged at 13,000 x g for 10 min and the supernatant was col-
lected. After the reaction of the supernatant with the kit reagent,
the absorbance of the samples in a 96-well plate was measured
at a wavelength of 570 nm using a Multiskan FC (Thermo Fisher
Scientific Inc., Waltham, MA, USA).
Hematoxylin and eosin (HE) staining

Tissue specimens were mounted in the optimal cutting tem-
perature (OCT) compound (TissueTek; Sakura Finetek Japan
Co., Ltd., Tokyo, Japan) and frozen in liquid nitrogen. Frozen
sections at 6 um in thickness were cut using a cryostat (Leica
CM1850; Leica Microsystems GmbH, Wetzlar, Germany), fixed
in acetone for 5 min at 4 °C, and dried by airflow. HE staining
was performed conventionally and the preparations were ob-
served using a NIKON Eclipse E800 microscope equipped with

the NIKON NIS-Elements D software, Ver 3.22.14 (Nikon Solu-
tions Co., Ltd., Tokyo, Japan).
Scanning electron microscopy

To observe the three-dimensional arrangement of collagen
fibers in the skin of mature chickens, the maceration method de-
scribed by Ohtani[7] was applied with slight modification. After
fixation with a 2% glutaraldehyde and 2% formaldehyde mixture
in 0.1 M phosphate buffer (pH 7.4) for 16-17 days at room tem-
perature, the tissue was rinsed with phosphate buffer and mac-
erated in a 2N NaOH solution for 5 days. The tissue was then
rinsed with ion-exchanged water for 3 days. The NaOH solution
and water were replaced twice daily. The tissue was subsequently
treated with 1% tannic acid for 2 h, followed by fixation with 1%
osmium tetroxide for 2 h. The tissue was then rinsed with water,
dehydrated using an ascending ethanol series, and displaced with
2-methyl-2-propanol. The tissue was freeze-dried using VFD-
218 (Vacuum Device Inc., Ibaraki, Japan). The dried specimens
were observed using a SU3500 scanning electron microscope
(Hitachi High-Tech Corporation, Tokyo, Japan) installed at the
Center for Advanced Instrumental and Educational Supports,
Faculty of Agriculture, Kyushu University.
Morphometric analysis

Collagen fiber widths in the superficial layer of the dermis
in the scanning electron micrographs were measured using the
image analysis software, ImageJ (https://imagej.nih.gov/ij/index.
html). Three pictures of the superficial layer of each bird were
taken at 1,000x magnification. Twenty band-like fibers were
randomly selected from each image, and their widths were mea-
sured. An average of 60 fibers in total was calculated for each
bird.
Statistical analyses

Data were analyzed using a two-way analysis of variance and
significance was evaluated using the Tukey-Kramer test. Data are
presented as means + standard error of the mean (SEM). Irregu-
lar data were excluded based on the Smirnoff-Grubbs rejection
test. Statistical analysis was performed using the programing lan-
guage “R” (https://www.r-project.org/).

Results

Collagen content in the skin

The collagen content in the cervical, thoracic, dorsal, femoral,
and crural skin of mature Shamo chickens is shown in Figure 1.
When compared between sexes, a significant difference in col-
lagen content was only observed in the femoral skin; collagen
content was higher in cocks (24.6 + 1.62 mg/g) than in hens (19.0
+ 0.24 mg/g) (p < 0.01). There were no significant differences
observed in the skin of the other parts between sexes.

However, differences in collagen content among the skin parts
were observed in both sexes. Collagen content was the lowest in
the cervical skin of both cocks and hens. In cocks, femoral skin
had the highest collagen content among the five parts, and it was
significantly higher than in the cervical (8.6 = 0.95 mg/g), tho-
racic (15.8 £ 0.99 mg/g), and dorsal (12.5 + 0.46 mg/g) skin (p <
0.0001). Collagen content in the crural skin (22.8 + 1.05 mg/g)
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Fig. 1. Collagen content in the cervical (Ce), thoracic (T),
dorsal (D), femoral (F), and crural (Cr) skin in Shamo cocks
and hens. Data indicate the means + standard error of the mean
(SEM). N =5. a, b, c: Means with different letters are significant-
ly different among the skin of different body parts in cocks (p <
0.0001). x, y, z: Means with different letters are significantly dif-
ferent among the skin of different body parts in hens (»p < 0.001).
**: Significantly different between the sexes (p < 0.01).

was significantly higher than in the cervical, thoracic, and dorsal
skin (p < 0.0001) but was similar to that in the femoral skin. The
collagen content in the thoracic skin was significantly higher than
that in the cervical skin (p < 0.0001).

In hens, similar to cocks, collagen content in femoral (19.0 +
0.24 mg/g) and crural (20.1 + 0.20 mg/g) skin was higher than
that in the cervical (8.1 + 0.35 mg/g, p < 0.0001), thoracic (14.5
+0.59, p <0.05), and dorsal (11.7 £ 0.70 mg/g, p < 0.0001) skin.
The thoracic skin in hens also had significantly higher collagen
content than that in the cervical skin (p < 0.001).

Since the sex difference in collagen content in mature chick-
ens was only observed in the femoral skin, a comparison of col-
lagen content between young and mature chickens was examined
in the femoral skin. Figure 2 indicates the collagen content of
the femoral skin of 10-week-old chicks and mature chickens. In
chicks, collagen content was 20.0 + 0.67 mg/g in males and 20.4
+ 0.56 mg/g in females, and a sex difference was not observed.
When compared between chicks and mature chickens, collagen
content in femoral skin was significantly higher in cocks than
that in male chicks (p < 0.05) but was not different in females.
Histological properties

When the histological sections were observed, the Shamo skin
had a very thin epidermis, thick dermis, and subcutaneous tissue
with an adipose layer (Fig. 3). The epidermis is composed of a
thin intermediate layer with only a few cell stacks and a thicker
horny layer. A thick dermis was observed under the epidermis,
and the superficial and deep layers were distinguishable. How-
ever, the distinction between the compact and loose layers and
the subdivision of the deep layer was not obvious. The thickness
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Fig. 2. Collagen content in femoral skin of 10-week-old
chicks and mature Shamo chickens. Data indicate the means +
standard error of the mean (SEM). N = 5. a, b: Means with dif-
ferent letters are significantly different (»p < 0.05).

Fig. 3. Representative photomicrograph of femoral skin
in a Shamo cock. Hematoxylin and eosin staining. DL: Deep
layer of dermis, HL: horny layer of epidermis, IL: intermediate
layer of epidermis, SL: Superficial layer of dermis, ST: subcuta-
neous tissue. Bar indicates 100 pm.

of the dermis was not uniform. In the histological section, the su-
perficial layer showed an amorphous histology, whereas the deep
layer showed a striped pattern. The distribution of stromal cells
(cell nuclei) was denser in the superficial layer than in the deep
layer (Fig. 3). These histological properties of Shamo skin were
common features in all parts of both sexes.
Scanning electron microscopy

In the observation of collagen fibers in the dermis of mature
chickens using scanning electron microscopy, different collagen
fiber constructions were observed between the superficial and
deep layers (Fig. 4). In the superficial layer, band-like collagen
fibers composed of fine collagen fibrils were loosely tangled. In
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Fig. 4. Scanning electron micrograph of crural skin in a hen
after cell maceration treatment. DL: Deep layer of dermis, SL:
Superficial layer of dermis, ST: subcutaneous tissue. Pictures b

and c are large magnifications of the left and right quadrangles in
picture a, respectively. The bar in picture a indicates 300 pm. The
bars in picture b and ¢ indicate 30 pm.

contrast, the deep layer was composed of thick and dense lay-
ers of collagen bundles in a parallel arrangement. The layers
displayed parallel arrangements on the undulating skin surface.
These structures of collagen fiber construction in the dermis were
common features in all parts of both sexes.

Since the width of collagen fibers in the superficial layer of
the dermis seemed to differ between sexes and between body
parts, the width of 60 fibers in each bird was measured for com-
parison. Sex differences in the width of collagen fibers were not
observed in the cervical and thoracic skin, but there were sig-
nificant differences in collagen fiber width in the dorsal, femoral,
and crural skin between sexes (p < 0.01) (Fig. 5). In cocks, the
width of collagen fibers was significantly different between the
body parts, in which the widths in the cervical (3.9 + 0.14 pm)
and thoracic (4.6 £ 0.13 pm) skin were smaller than those in the
dorsal (6.3 £ 0.23 um, p < 0.05), femoral (6.8 = 0.31 pm, p <
0.0001), and crural (8.0 + 0.59 um, p < 0.0001) skin. In hens,
the significant difference in the width of collagen fibers was only
observed between cervical (3.7 = 0.26 um) and crural (5.4 £ 0.27
um) skin (p < 0.05), and between dorsal (3.3 + 0.12 pum) and
crural skin (p <0.01).

Discussion

In chicken meat production, increasing meat productivity and
improving meat quality have been the focus to date, and the prop-
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Fig. 5. Collagen fiber width in the superficial layer of the
cervical (Ce), thoracic (T), dorsal (D), femoral (F), and crural
(Cr) skin in Shamo cocks and hens. Data indicate the means +
standard error of the mean (SEM). There are five cocks and four
hens. a, b, c: Means with different letters are significantly different
among the skin of different body parts in cocks (p < 0.05). x, y:
Means with different letters are significantly different among the
skin of different body parts in hens (p < 0.01). **: Significantly
different between the sexes (p <0.01).

erties of chicken skin have not always been of interest, despite
its large contribution as an edible part. Skin tearing has been one
of the research themes in chicken skin because skin tearing in-
jures the underlying skeletal muscles and reduces meat quality
during the chicken meat production process[8]. Therefore, im-
proving the quality of chicken skin is as important as improv-
ing the quality of chicken meat. The tensile strength of chicken
skin increases with age in both male and female broilers, and
fat may not be the only factor affecting their tensile strength[9].
Skin tearing is also affected by the chicken strain and diet owing
to their significant interactions, and skin collagen is affected by
diet in broiler chickens[1]. Pines et al.[2] report that the collagen
content in the thoracic skin of broiler chicks increases with age
without a significant age-by-sex interaction. These reports sug-
gest that the amount of collagen affects the strength and tough-
ness of chicken skin.

Regarding the collagen content in chicken skin, Bruce and
Anastassiadis[3] report that hydroxyproline content is signifi-
cantly higher in Rhode Island Red cocks than in hens. In the pres-
ent study, sex differences in collagen content in mature Shamo
chickens were not observed in the cervical, thoracic, dorsal, and
crural skin, although the collagen content in the femoral skin was
higher in cocks than in hens. This might be a breed-specific char-
acteristic of Shamo chickens. Bruce and Anastassiadis[3] also re-
port that estrogen administration to Rhode Island Red cocks does
not affect hydroxyproline levels. In this study, even in the femo-
ral skin, there was no significant difference in collagen content
between the sexes of 10-week-old chicks. Our previous study
indicates that the administration of estradiol in male chicks does
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not affect the dermal thickness, COL1A1 expression, or collagen
content of the skin[4]. These results suggest that the sex differ-
ence in collagen content in the femoral skin of mature Shamo
chickens is not an effect of sex hormones, such as estradiol, but
due to other factors.

Other results in this study indicate that the collagen content
differed between the skin of different body parts of Shamo chick-
ens. In both sexes, leg skin had higher collagen content than that
of the cervical, thoracic, and dorsal skin. The same tendency has
been observed in our previous study using male Rhode Island
Red chicks[4]. In addition, the thoracic skin had higher collagen
content than that of the cervical skin. Because chickens live on
the ground or floor exclusively, do not usually fly in the rearing
environment, and game birds, such as Shamos, show a standing
posture[6], it seems that their legs develop well through daily
walking or running. Thus, the higher collagen content in leg skin
than that in the skin of other body parts may be due to mechanical
stimulation by daily activity. This presumption may also apply
to the sex differences in collagen content observed only in the
femoral skin.

Generally, the mammalian dermis is divided into two layers:
the papillary layer (Stratum papillare) and reticular layer (Stra-
tum reticulare). In dog skin, the papillary layer partly consists of
reticular and elastic fibers and mostly of delicate collagen fibers
arranged in different planes, although this layer is mostly ab-
sent[10]. The reticular layer of dog skin joins the papillary layer
without any clear demarcation, and the density and size of the col-
lagen fiber bundles increase towards the subcutaneous tissue[ 10].
Naffa et al.[11] have mentioned the differences in collagen fiber
structure between deer and cow skin, in which deer have highly
wavy collagen fibers and cows have straighter collagen fibers.
In rat skin, loose and pleomorphic collagen fibers change into
a parallel arrangement after prostaglandin E treatment[12]. As
described earlier, the dermis of fowl consists of a superficial layer
without a papillary structure and a deep layer, which is different
from that of mammals. To the best of our knowledge, this is the
first report of an electron microscopic observation of collagen
fiber architecture in chicken dermis. Although Overton and Col-
lins[13] have observed collagen fibers in embryonic chick skin
using scanning electron microscopy, where the development of
mesenchymal collagen fibers indicated a reticulated network.
The present results showed that collagen fiber construction in
the dermis was quite different between the superficial and deep
layers, with the former composed of sparsely entangled collagen
fiber strings and the latter a densely layered thick collagen sheet.
These morphological features were also observed in histological
sections stained with HE. The present study indicated that the
cervical skin, which had thinner collagen fibers in the superficial
layer, contained lower amounts of collagen than that of the leg
skin, which had thicker collagen fibers in the superficial layer
and higher collagen content. Although morphological differences
in collagen architecture in the deep layer were difficult to de-
termine among the skin of different body parts owing to their
similar structure of thick collagen sheets arranged in parallel, the

width of the collagen fibers in the superficial layer may be related
to the collagen content. However, the significant differences in
collagen fiber width in the superficial layer between the sexes did
not correspond to similar amounts of collagen content in the dor-
sal and crural skin. Thus, it appears that the collagen content in
these parts also reflects the amount of collagen in the deep layers.

In conclusion, this study indicated that collagen content in the
Shamo skin was not different between sexes for all body parts,
except the femoral skin of mature chickens, whose difference is
likely due to mechanical stimulation by daily activity. We hy-
pothesize that the difference in collagen content among the body
parts is partly related to the width of collagen fibers in the super-
ficial layer. These data may be useful for obtaining tearing-resis-
tant skin in chicken breeding, using Shamo chickens as parent or
grandparent stocks.
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