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Preface

We have had a history of pigskin leather industry of more than three decades since the first use of
Chinese pigskin for the manufacture of leather in the country in the 1950s. Pigskin has now become a
main source of raw skins in the domestic leather industry, in which the present trend is to develop pigskin
leather greater in quantity and better in quality. So, to realize such an aim, it is necessary to know and
study the histology of Chinese pigskin and the conditional changes in the skin in some key procedures
dmmgmmmﬂm.WmmmsmhmkMﬁchmwk@emmmﬂme%hHwhWﬂpmwsuamMmmmh
and full exploitation of the nation’s rich pigskin resources cannot rapidly be achieved.

Here is our presentation of the book, a collection of colour micrographs of Chinese pigskin tissue
structure, for our technicians, manufacturers, and scientists, dealing with leather technology. The work, it
is hoped, will provide them with needy useful reference in the professional field. It goes without saying
that the material will also be valuable as a complement to relevant textbooks for technical schools and
colleges at home and abroad.

The illustrative plates sorted out from the numerous samples collected by Leather Histological Labo-
ratory of Leather Research Institute, Chengdu University of Science and Technology, in the past thirty
years or more, are direct and comprehensible in showing the tissue structure of Chinese pigskin in some
important processing stages, such as limin g, bating, tanning, as well as in raw skin and finished products,
each plate with explanation in both Chinese and English attached to it. The number of figures amounts to
198, systmatically arranged for easy reference.

Lastly we should like to acknowledge the indispensable helps and supports extended to us during the
prepartion and publication of this book by our colleagues and friends with many thanks; and to express
our gratitude especially to professor Xu Nan Shen of Department of Foreign Languages, West China Uni-
versity of Medical Sciences for his hard work in compiling the English text of this Atlas, the staff of China
Da Di press, Beijing, and Mr. Cai Wei Rong of EVEN LEE International Co,, Ltd. Hong kong Without
their assistance and enthusiasn the Atlas might not have been able to be issued on time with satisfaction.

chengdu
1989 The Authors
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Introduction
Characteristics of Histological Structure of Chinese Pigskin

China is well-known as the richest country in pigskin
resources in the world and the pigskin is the most important
raw material for the domestic leather industry, There are many
pig species distributed in the nation’s vast expanse of territory.
However, some hybrid pigs of the lean meat type have inces-
santly been developed throughout the country to meet the
demand of meat by the people. Differences in histological
structure are observed among the various species; nevertheless,
the basic structure is very similar. It is of great importance to
know the histological and structural characteristics of the pig-
skin in order to develop our own pigskin leather technology
for the production of good quality leather and full exploitation
of our potential resources.

1. Fat Tissue

The fat tissue of pigskin is highly developed. The subcu-
taneous layer of the skin is almost entirely composed of fat
cells. They expand into the skin from the basal part of the hair
root, forming numerous round or elliptical cone-shaped bodies
with a small point at the top and a large base at the bottom
and of various sizes, heights, and densities. These bodies are
called fat cones because of their composition of fat cells. In
addition to fat cones there are some free fat cells occutring
among the collagen fiber bundies of the dermis.

Fat cones are embedded in the dermis. When the fat cells
are eliminated from the cones, numerous pits, commonly
known as fat pits are exposed on the flesh side of the skin. It
is here, in the cone where the lower section of the hair root of
a bristle grows. Besides, there are sweat glands and blood ves-
sels in the cone.

The secretory duct of the -sweat gland is also in the
cone, but its narrow, elongated tubules exist among the collagen
fiber bundles. Therefore, the effect of sweat glands on the
strength of the skin is insignificant.

The fat cone varies with its location in the skin in size,
height, and density. For example, in the butt the cones are
dense, tall, and slender; and the fat pits in this locality are
plentiful and rather deep, may be even to the extent of half the
thickness of the skin, However, the cones in the belly and neck
are large, short, and few; and the depth of fat pits is only
about one fourth of that of the skin or even less. The difference
between fat pits in size and depth affects greatly the efficiency
of defatting and depilation. For example, in defatting by
mechanical means it is rather difficult to scrape the fat off the
deep fat pits completely. In depilation a depilatory or pro-
teinase generally has to infiltrate into the flesh side and pass
through the very thick fat cellular layer in the cone in order
to reach the hair root and weaken or destroy the connection
between the follicle and the root so that the unhairing process
can be done with ease. On the other hand, the fat in the shallow
fat pits in the belly is scraped off with much less difficulty and
the depilatory can rapidly reach the hair root, This is why in
unhairing process the hair in the belly falls off easier than that
in the butt,

Fat cells of the pigskin are generally distributed in the
midst of collagen fiber bundles and around the follicle, abun-
dantly in the neck and belly, and in one and the same locality
sparesely in the upper layer of the dermis and numerously in
its lower layer. Difference in the distribution is noted in
various species. For example, in the Zi Zhong pigskin in
Sichuan Province the fat cells are distributed numerously in
the neck and belly, but very few in the butt. In Shanghai
pigskin there are quite many fat cells in the neck and belly,
but a few in the butt. These cells in the dermis cannot be
eliminated by mechanical means. Only when they are squeezed
and rubbed, the cell membrane disrupted and the fat spilt,
can chemical agents and depilatories react with the fat to be
removed from the dermis.

In the central part of the follicle there are sebaceous
glands, numbering from one to several. The sebaceous gland is
divided into two portions, namely the secretory portion (gland
body) and the excretory portion (duct). The upper extremity
of the duct is linked to a follicle. The gland is filled with fat
cells, which, when mature, disintegrate to form the product of
secretion, called sebum. The sebum flows into the follicle
through the duct, and then from the follicle to the surface of
the skin, causing the epidermis and hair shaft to become oily
and moist, Sebaceous glands are highly developed in the neck
of pigskin; especially, there are usually several large sebaceous
glands surrounding the follicle of a bristle closely. These glands
are separated. by partition layers composed of collagen fiber
bundles and elastic fiber groups. The partitions remain even
after the glands have been destroyed.

Therefore defatting process plays an extremely important
tole in the manufacture of pigskin leather. Any fat left behind
after the processing would affect the later dyeing process and
cause the ‘fat infiltration’ phenomenon in the finished product.
Tanners always prefer to use the combination method of rein-
forced mechanical action plus chemical reaction so as to remove
the fat and lipids as much as possible in the hypodermis, fat
pits and sebaceous glands. As pure alkali can only remove the
fat on the surface of pigskin, addition of surface active agents
in re-liming and bating is beneficial to defatting. When neces-
sary, degreasing treatment can still be repeated in such pro-
cedures as pickling and chrome tanning.

2. The characteristic structure of hair and

follicles

The hair of pigskin is divided into two kinds of hair: the
thick and long one is called bristle and the fine and short one
called fine hair. The bristles are mostly arranged in 3-strand hair
groups, having the form of a dome. But there are 2-strand hair
groups and single strand hair groups. The fine hair is
irregularly distributed in dots. The toots of the 3-strand hair
group are concentrated in a fat cone. The depths of the roots
of the three bristles are different: the one in the middle is the
deepest, and rather oblique, forming a low angle between the
hair and skin surface; this hair in the neck and belly even extends
to the autside of the fat cone and dips into the subcutaneous



fatty layer; the other two side strands are rather fine and up-
right, and usually grow on the point of the fatty cone. The
bristles in the neck are particularly thick and long. They have a
high economic value and are depilated at slaughterhouses.

The exit of a bristle takes the shape of the flared bell of
a bugle. The opening is commonly known as “hair eye” or
“hair pore”. The pore is rounded on one side and rather
pointed on the other side. 1ts deepness, size, and spacing have
a bearing on the coarseness ¢~ the grain surface. Hair pores in
the neck part are particularly large, and so the neck part is
coarser than any other part of the finished leather,

A follicle, out of which the hair grows, is divided into
two layers: the outer layer called connective tissue sheath,
consisting of collagen fiber bundles and elastic fibers; and the
inner layer called hair root sheath being again divided into two
layers: the inner layer, which is derived from the stratum
corneum, called inner hair sheath; and the outer layer, which
is derived from the mucous layer (stratum germinativum) of the
epidermis called outer hair sheath. The thickness of the hair
sheath is particularly thick in the lower segment of the hair
sheath (below the farty gland). Since it is derived from the
corneum, it is rather resistant to acid and base. If it is not
eliminated in processing, it will stay on the flesh surface
of the finished leather as a hard thorn, which can be felt by
the hand.

Depilation and liming would remove most of the hair
roots and hair sheaths; and re-liming and bating further pet rid
of some of the remainders. But it is difficult to remove all of
them, and so in the finished leather there are usually some dis-
cernible remaining hair roots and sheaths. Connective tissue
sheath is made up of interweaving collagen fiber bundles, which
are fine and compact. As the connective tissue sheath is derived
from the grain layer, the collagen fiber bundles of the tissue
are as fine as those of the grain. Below the grain layer the col-
lagen fiber bundles gradually become coarse; therefore, in the
manufacture of suede leather by buffing off the grain surface,
the depth of the grinding surface must be handled with great
care. If the grinding goes too deep, hair pores will be exposed
on the ground surface due to the difference in coarseness
between the fine fibers at the connective tissue sheath and the
coarse ones outside it. In preparation of suede leather by
buffing the flesh side, hair pores may also be shown, if the
fibers of the connective tissue sheath are improperly split,
However, the collagen fiber bundles outside the comnective
tissue sheath must also be split properly; otherwise. it is dif-
ficult to make nap, or the nap so formed is not able to cover
up the hair pores,

3. The Muscle Tissue of Pigskin

Muscle tissue of the dermis of pigskin is quite well-deve-
loped. Every bristle possesses several strands of erector pili
muscle. It is quite likely that in order to pull such a coarse hair
as the bristle and make it stand up it is undoubtedly necessary
to have such well-developed stout erector pili muscle for the
work. Erector pili muscle is slender smooth muscle. One of its
extremities is attached tu the basal part of the follicle and the
other is extending toward the grain surface. Besides, there is
another kind of muscle which is generally at a level a little
higher above the basal part of the follicle, parallel to the skin
surface, arbitrarily named “hair-binder muscle”. Its extremties
link up separately with the basal parts of the follicle of the

side strand of the 3-strand hair group of bristles,thus joining the
three strands together. It seems that the function of the hair-
binder muscle is to draw the three strands of hair together
when the muscle contracts; and simultaneously, the erector
pili muscle pulls the bristle upright at the basal part of the it.
This particular kind of muscle also occurs on the follicles of
the 2-strand hair group and the single strand hair group of
bristles.

Development of muscle tissue of pigskin varies with its
[ocation. In the neck part the erector pili muscle and hair-
binder muscle are well-developed, strong and plentiful; in the
belly part they come second; and in the butt delicate and seanty

Muscle tissue of pigskin on the whole is well-developed,
which may enhance the strength of the skin. In processing the
muscle tissue is not likely to be removed. But it has to be split
to a certain extent. In making upper leather the extent of
splitting is small, whereas the extent is great in preparing soft
leather such as garment leather. Obviously, splitting the coarse
muscle fibers into fine ones may be beneficial to the attainment
of softness in the finished leather,

4. Elastic Fiber of Pigskin

Elastic fibers appear as tree branches without leaves. They
are distributed throughout the whole dermis layer, not forming
any fiber bundles; rather abundant in the neighbourhood of
the grain surface and subcutaneous layer; and rather sparse in
the middle layer of the dermis. The distribution of elastic
fibers varies with their location, In the belly and neck part
they are dense; and in the middle dermic layer of these loca-
tions, they are interweaving to form nets. In the butt they
are fine and sparse, and mainly distributed in the upper dermic
tayer; and in lower part the middle of layersthereare very fewof
them. Furthermore, fine and slender elastic fibers are concen-
trated around the follicle, on the erector pili muscle, in the
basal part of the follicle, around the fatty gland, and on the
blood vessel. Therefore, the content of elastic protein is rather
high in pigskin, approximately 2.1% of its weight. This content
varies to some extent with the species.

Elastic fibers have a strengthening effect on various tissues.
Some researchers have thus considered that a proper weaken-
ing or destruction of elastic fibers in processing would produce
soft leather. But our study shows that the softness of finished
leather is not quite related to the destruction of elastic fibers,
For example, the finished leather is all the same very soft in
spite of the fact that elastic fibers of pigskin upper leather are
basically intact; that elastic fibers near the grain surface of
garment leather are damaged only to a slight extent; and that
in other parts of the skin large quantities of elastic fibers

remain, but with some in crooked, deformed, or broken
segmerits,

5. Pigskin Collagen Fibers and Their

Relation to Location Difference

Pigskin, just like the other livestock skin, is divided into
three layers: epidermis; dermis; and hypodermic tissue layer.

The epidermis consists mainly of interweaving collagen
fiber bundles. Since the bristle grows rather deeply into the
dermis, especially the ones in the belly and neck, which pene-
trate the whole dermic layer, the basal part of the follicle can-
not be based on to distinguish the papillary layer from the
reticular layer, as it is done so in cow hide and goat skin.
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Nevertheless, based on the coarseness of the collagen fiber
bundies and compactness of their weave, it is still possible to
divide the dermis of pigskin into three layers, namely, upper
dermic layer (region above the basal part of the follicle of fine
hair), which is equivalent to the papillary layer (grain layer);
middle dermic layer; and lower dermic layer. These two layers
are equivalent to the reticular layer.

Collagen fiber bundles of the upper dermic layer are fine
and small, and loosely interweaving with a low weave angle
(running direction of most fibers being parallel to skin surface).
Improper handiing in processing may easily cause the grain
in this layer. Collagen fiber bundles in the middle dermic layer
are coarse and strong, and interweaving compactly with a high
weave angle. The good strength of pigskin is mainly determined
by this layer. The collagen fiber bundles in the lower dermic
layer gradually become finer and more loosely interweaving
with a low weave angle than in the middle dermic layer; and
the fiber proximal to the hypodermic tissue layer runs almost
horizontally. Because of the fat pits in the deep basal part of
the bristle root the collagen fiber bundles in the lower part
of middle layer have to pass round the follicle and fat pits
and are not able to join themselves together to form an en-
tirety. After the hair and fat in the pits are eliminated,
numerous vacant pores are left on the flesh surface. The deeper
they are in the lower dermic layer, the larger they become.
Therefore, the split leather near the flesh side would often
look like a fishing net. Hence, the strength of the finished
leather would certainly be affected to a great extent. This kind
of split leather is of not much use in the leather industry.

The grain surface of pigskin is formed by delicate and
compactly interweaving collagen fiber bundles, forming a layer
of about 0.1 to 0.2mm in thickness. The grain grows into
the dermis to form connective tissue sheath in the area where
the hair grows. If the grain is damaged, the leather loses its
glossiness.

The grain surface looks very rough when the papilla is
high, the hair pore large, and the wrinkle deep. The smoothness
of grain surface varies greatly with the species. For
example, of Danish Landrace pig the hair pore is small,
papilla low, and wrinkle shallow, and so its grain surface is
rather fine and smooth; of Nei Jiang, Zi Zhong and Chengdu
pigs in Sichuan province the pore is large, papilla high and
wrinkle deep, and so the grain surface is coarse and rough; and
of a new hybrid species by crossing Danish Landrace pig
with Chengdu pig or Nei Jiang pig the hair pore is small,
papillae rather low, wrinkle rather shallow, and so the grain
surface is fine and delicate. Apparently improvement in pig
breeding will help provide good quality raw pigskin for the
manufacture of high grade light pigskin leather.

Weave pattern and compactness of pigskin collagen fiber
bundles vary with their location. As seen from the vertical
cross-section (cross-section prepared in the hair growing direc-
tion and perpenticular to the skin surface), the collagen fiber
bundles located in the butt, belly, and neck possess no definite
weave patterns, but the weave with a high weave angle in the
butt is more compact than that in the belly and neck, where
the weave with a low weave angle is loose. As seen from the
parallel cross-section (cross-section parallel to the skin surface),
the collagen fiber bundles in the upper dermic layer in different
locations still do not possess any definite weave patterns; but

those in the middle and lower dermic layers are quite regular,
e.g. the collagen fiber bundles in the butt and the central part
of the skin are thick and upright, showing a cross-shaped inter-
weaving; and the weave is very compact. Therefore, good
strength and high resistance to abrasion, but low stretchability
are shown in these locations; and malformation is rare in pro-
cessing. In the belly the collagen fiber bundles are fine and
delicate, crooked, showing a wave-shaped weave,which is loose,
and so the belly shows a low strength but particularly high
stretchability. The compactness and fineness of the collagen
fiber bundles in the neck stand between those of the butt and
the belly; and the weave is of an oblique interweaving pattern,
The fineness and compactness of the bundles in the tail part
are somewhat inferior to those of the bundles in the butt, but
the weave is complex,

This is the part where it is difficult for the suede leather
to become nappy. However, this locality occupies only a small
proportion of the whole skin. In addition to the differcnces of
collagen fiber bundles in weave patterns and compactness, the
locations of pigskin differ quite greatly in thickness. In the
same sheet of pigskin the butt is the thickest, and the belly the
thinnest. The ratio between the thinnest and thickest parts is
known as thickness difference between locations (briefly
thickness difference). The thickness difference of Nei Jiang
Pigskin is about 1:5.10; and of Chengdu pigskin about 1:4.90,
Obviously the thickness difference of the pigskin cited is par-
ticularly significant, Such a significant difference is sure ta
entail difficulties in processing and manufacturing. Therefore,
attention should be paid, right at the beginning, to the elimi-
nation or minimization of thickness difference, in order that
the whole finished leather could be approximately homoge-
neous in softness or hardness.

Location difference mainly includes the above mentioned
Iwo aspects: one is the compactness difference between the
weaves of the collagen fiber bundles, and the other is the
thickness difference between locations. Location difference
varies with species difference. For example, the collagen fiber
bundles of Nei Jiang pigskin are thick and compact in weave,
whereas those of Danish Landrace Pig are rather fine and
not so compact . The thickness difference of Dunish Landrace
Pig is only about 1:3.10. The thickness difference of a new
hybrid pig bred by the crossing between Danish Landrace Pig
and Nei Jiang pig is also only about 1:3.40. pparently The
location  difference is smaller than that of Nei Jiang pigskin
or Chengdu pigskin. The minimization of pigskin location
difference is sure 1o bring greal benefit to the production of
pigskin leather. It not only eliminates many of the special
treatments required especially for the butt pari, saves working
hours and material, but also raises the quality of products for
making substantial profits commercially. Thus improvement of
native pig species is onc of the most cffective ways to clevate
the quality of our pigskin leather.
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B. PAERAH
Fig. 1 Danish Landrace pig.

@@2. Pl #EFE
Fig. 2 Sichuan Chengdu pig.




B3. REAMEKERECERHTNER

Fig. 3 A new pig species from crossing between Danish Landrace pig

and Chengdu pig.

4. PaIAILEE
Fig. 4 Sichuan Nei Jiang pig.
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Fig. 5 Diagram to show the general structure of pigskin.
A Epidermic layer F. Erector pili muscle
B. Dermic layer G. Hair-binder muscle
C. Subcutaneous fatty layer  H.Fine hair
D.Collagen fibers 1. Bristle
E. Sweat gland J. Sebaceous gland
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Fig. 6 Diagram to show the variation in the weave pattern of
collagen fibers in different locations of pigskin.
A.Cross-shaped pattern. butt part.

B. Oblique pattern. Neck and front butt part.

C. Irregular pattern. Tail root part.
D.Crinkly patiern. Belly part.
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Fig. 7 Diagram to show the fat cone.

A.Fat cone

B. Fat cells
C. Bristles
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Fig. 8 The bristle of the single-strand hair group.
A. Hair root B. Hair root sheath

C. Collagen fibers (X10 hor, sec.)
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Fig. 9 The bristles of the Two-strand hair group.
A. Hair B. Hair root sheath

C. Coliagen fibers (X10 hor. sec.)
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Fig. 10 The triangular arrangement of the three-strand hair group.
A. Hair root B. Hair root sheath C. Collagen fibers (X10 hor. sec.)

W1 =8 HAISHE o EIRIRLL FHER -2 I - EEOE
A. Bl B. ERE C. BE&M (x1074)
Fig.11 The three-strands below sebacedus gland are arrangeed in alignment in

the triad with the middle strand which is rather thick,
A. Hair root B. Hair root sheath C. Collagen fibers (X10 hor. sec,)
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Fig.12 Fine hair arranged in irregularly scattering dots on grain.

A. Hair root B. Hair root sheath C. Collagen fibers
D. Sebaceous gland  (X10 hor. sec.)

W13, ARARLLEEREEH > IRIRL T EREWERT
A L B. EHE C.BR&M# DR ( xX108tY) )
Fig.13 The hair root sheath above sebaceous gland being rather thin; the sheath
below the gland being obviously thickend.
A. Hair root B. Hair root sheath C. Collagen fibers
D. Sebaceous gland (X10 vert. sec.)
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