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Every year fish skin, bone and intestines are discarded as processing waste material. The use
of fish processing waste material is more economical and environmental-friendly. The leather-
like material was produced using shark intestine. Physical charactistics such as tensile
strength, elongation, tongue tearing strength, and bursting strength of the leather-like material
were measured, and compared with those of a commercial leather product. The values of
tensile strength, elongation, tongue tearing strength, and bursting strength of the leather-like
material were 3.3 kg/mm? 53%, 13.0 kg/mm and 18 kg/cm®, respectively. Elongation (109%)
of the leather-like material coated with lacquer was higher than that of a commercial leather
material, and the other factors were similar. The tensile strength and tongue tearing strength
of the leather-like material was higher than those of shoes leather, but bursting strength was
lower. These results suggested a potential value to use the leather-like material from shark

intestines as a substitute for commercial leathers.
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Introduction

Considerable amounts of fish processing waste
material such as fish skin, bone and intestines are
discarded every year in the fisheries industry (Kim
et al., 2001a). Marine bio-source based producers
are no longer allowed to discard their offal directly
into the sea, resulting in a very high cost of refining
the material before it is discarded.

However, development of processes for waste re-
covery and utilization is more economically bene-
ficial for the industry than discarding wastes. Some
studies related to the effective utilization fish pro-
cessing wastes, have reported the extraction of bio-
active peptides from fish skin and frame (Kim et
al., 1997; Byun and Kim, 2001; Kim et al., 2001b),
purification of various enzymes from fish tissues
and intestines (Kim and Kim, 1991; Haard, 1992;
Jeon et al.,, 1998), extraction of soluble calcium and
gelatin from fish bones (Kim et al, 1996; Choi et
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al., 1999; Kim et al.,, 2001c).

In the case of large fish, sharks were taken in
large quantities beyond the Pacific coast of North
America, near Ireland, and in South African and
Australian waters (Brogstrom, 1969). The sharks

“classified Subclass Elasmobranchii of which there

are about 400 species of sharks in the world
(Compagno, 1984). In Southern coast of Korea,
there are about 40 species.

In the past, shark waste materials were either
discarded or used as fishmeal due to the limited
harvest (King and Clark, 1987). Apart from fillets,
some of the current products from shark include
skin, fins, fish meal, corneas, cartilage, chondroitine,
liver oils, and indirect products such as surfactant,
aromatics, artificial silk and pharmaceuticals (Bu-
ranudeen and Richards-Rajadurai, 1986; McCurdy
et al., 1995; Miller et al., 1998; Suzuki, 1999). Parti-
cularly, liver oil purified from shark exhibits anti-
coagulative, antibacterial, anticholestermic, antitu-
mor, and antimicrobial activities (Akiyama et al,
1982; Bordier et al, 1996; Baskaran et al, 1996; Lee
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et al., 1999).

The skia of the shark or whale was used for the
preparation of leather shoes in Japan before the
World Wer II. After the war, the production of these
came to i halt due to the increment of imported
land animal hides (Tanikawa, 1971). The leather
industry roduces a range of indispensable con-
sumer goods, including shoes. bags, clothes, belts,
wallets and gloves. Worldwide production of leather
was expected to grow to 2.4 billion square meters by
end of th: year 2000 (Muchie, 2000).

Leather made from animal hides was used in va-
rious industries, but very little information is avai-
lable of the leather related to large fish intestine.
Shark intzstines are mostly discarded due to bad
smell anc the appearance. However, efficient utili-
zation of shark waste should be given a higher
priority.

For effective utilization of shark intestines, it was
suggested to prepare leather using shark intestines.
The phys.cal properties of this leather-like material
were tested for the use in various leather industries.

Materials and Methods

Materials

The shark (Squalus brevirostris) intestines were
purchasec from the Southern coast of Korea. Lipa-
pron usec for deliming process of leather was pur-
chased from Korea-Samhyup Co. (Busan, Korea),
formic ac:d and basic chromium sulfate from Sigma
Chemical Co. (St. Louis, USA). Tannin and olive
oil were purchased from Junsei Chem. Co. (Tokyo,
Japan). All the other reagents were of special grade
reagents.

Preparation of leather

Preparation of leather using shark intestines was
performec by the method of Yun et al. (1999) as
shown in Fig. 1. First of all, the shark intestine
(rectum) was separated from shark, and then the
intestine 'vas washed with water for the removal of
the excreta and blood on the intestine surface.

For the removal of soluble proteins and lipids of
the intesiine (liming process), the intestine was
treated with 3% (w/v) calcium oxide solution for 1
hr. After the removal of calcium oxide (deliming
process) and proteins (bating process), the intestine

Shark intestine
lWashing with water

Trimming
iWashing with water

Liming
Adding 1.3 vol. of 3% (w/v) calcium oxide
Washing for | hr

Deliming
Washing with water
Adding 1.3 vol. of 5% (w/v) lipapron
Washing for 30 min

Pickling
Adding 1.3 vol. of 02% (v/v) formic acid
and 0.6% (w/v) sodium chloride
Standing for 15 min

Tanning

Adding 1.4 vol. of 6.5% (w/v) chromium sulfate,
and standing for 15 hrs

Washing with water

Adding 1.3 vol. of 12% (w/v) tannin

Standing for 2~3 hrs, and washing with water

Detanning

Adding 4 vol. of 0.03% (v/v) sulfuric acid,
and washing for 10 min
Washing with 7% (v/v) olive oil/water for 30 min

Drying
lUnder the shade

Leather-like material

Fig. 1. Schematic procedure for preparation of

the leather-like material from shark in-
testine.

was enlarged by treating 5% (w/v) ripapron solu-
tion for 30 minutes. Before the tanning process, the
intestine was treated with a mixture solution of 0.2%
(v/v) formic acid and 0.6% (w/v) sodium chloride
for 15 minutes (pickling process).

The intestine was treated with 6.5% (w/v) basic
chromium sulfate solution for 20 minutes, and then
it was limed for 15 hrs in the same solution until
become colorless from its initial green color. After
washing the intestine in water, the intestine was
limed in 12% (w/v) tannin solution for 2~3 hrs
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(tanning process). Tannin was removed by using
003% (v/v) sulfuric acid for 10 minutes, and then
was washed with 7% (v/v) olive oil/water for 30
min. Finally, the leather product was dried in the
shade.

Test of physical properties of the leather

Characterization of physical properties of leather
was performed at the Korea Institute Footwear &
Leather Technology (Busan, Korea). Tensile streng-
th, clongation, and tongue tearing strength of the
leather were measured by the test method of KS M
6882 (Korean Agency for Technology and Stan-
dards, 1995). Bursting strength was measured by the
test method of KS M 7082 (Korean Agency for
Technology and Standards, 1997).

Results and Discussion

Preparation of leather-like material from shark
intestine

Sharks intestines are composed of collagen, kera-
tin, and elastin, which is same compositions as com-
mercial leathers. Therefore, leather-like material
from shark intestines could be prepared by the
same processing method of land animal leather. As
shown in Fig. 1, leather-like material was prepared
through the trimming, liming, deliming, pickling,
tanning, detanning and drying processes.

The retannage of chrome tanned leather was
carried out to improve the characteristics such as
the fullness and the softness (Burkinshaw and
Kitching, 1995; Covington et al., 2001). Tanning of
shark intestine is a leathering effect, which is
characterized by a change in the appearance and
feel of the intestine, especially the effect of drying.
Modern leather production employs a variety of
agents, but tanning with chromium (ITD) salts pre-
dominates (Covington et al., 2001)

Photographs of the surfaces of the leather-like
material prepared from the rectum of the sharks in-
testines shown the same appearance of leather (Fig.

Photographs of the surfaces of various leather-like materials prepared from the
rectum (A, B, C and D) of shark intestine. (A) gray leather, (B) dark gray
leather, (C) light violet leather, (D) light brown leather
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2). Differcnt colors of the leather-like materials were
dependan  on the pretreated dyeing. Colors (A),
(B), (C) and (D) of the leather-like material pre-
pared using rectum of shark intestine were gray,
dark gray light violet, and light brown, respectively.

Physicel characteristics of the leather-like ma-
terial

The leather-like material prepared from shark in-
testines was tested for physical characteristics such
as tensil: strength, elongation, tongue tearing
strength ¢nd bursting strength. As shown in Table
1. the teasile strength, clongation, tongue tearing
strength and bursting strength of the leather-liker
materials were 3.3 kg/mm’, 53.0%, 13.0kg/mm and
18.0 kg/cnr’, respectively. The values in shoes (up-
per) mad: out of a commercial leather tested in this
experiment are 2.8 kg/mm’, 64.0%, 17.4 kg/mm and
50.8 kg/cny’, respectively. In the case of clothes, these
values ar: 10 kg/mm’, 40~90%, 10 kg/mm and 20
kg/cm’®, respectively.
Table 1. Physical characteristics of the leather-
like. material prepared from shark in-
testine

Leather- Shoes”
Test items Chnit like —
material Upper Lining

kgmm* 33 28 2710

Clothes”

Tensile strergth

Elongation % $30 640 500 40~9%0
Tongue tearng strength  kg/mm 130 74 46 10
Bursting strength kefem® 180 500 40 2

YQuality standard.

Elonga'ion and bursting strength of the leather-
like matcrial were lower than those of the com-
mercial l:ather used in shoes, but tensile strength
and tongue tearing strength were higher. Tensile
strength, clongation and bursting strength of the
leather-lil:e material were lower than those of the
commercial leather in clothes, but the tongue
tearing strength was higher.

Elonga‘ion and bursting strength of the leather-
like material were lower compared with the com-
mercial _eather, because thickness of the shark
intestines was very thin. Elongation of the leather-
like material was enhanced by about 105% when
coated w.th lacquer (Table. 2). Product was made

out of the leather-like material prepared using shark

Table 2. Comparison of physical characteristics
of the leather-like material, coated lea-
ther-liker material, and commercial lea-
ther used for shoes and clothes

Shoes®
Test ftems Unit  SILLM" CSILLM? ————— Clothes”
Upper Lining
Tensile strength Kg/mm® 33 028 U W
Elongation % 30 1090 640 500 40~%

Tongue tearing strength Kg/mm 130 138 14 48 10
Bursting strength Keem®* 110 00 500 4 N

PSILLM: shark intestine leather-like material
P CSILLM: coated shark intestine-like material
¥ Quality standard
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Fig. 3. A photograph of leather product made

from the leather-like material.

intestines as shown in Fig. 3.

Suresh et al. (2001) reported that physical charac-
teristics were higher in chrome syntan tanned lea-
thers compared to basic chrome sulfate (BCS)
tanned leathers. Tensile strength, elongation tongue
tearing strength, and bursting strength of leather
tanned with chrome syntan were enhanced about
12%, 37%, 28%, and 73% compared to leather
tanned with BCS (Suresh et al., 2001).

Weak charactors of shark intestines were less
thickness and colorlessness, but these can improve
during the process. It is the most important for
making leather using shark intestine that no diffe-
rence between the inside and outside appearance is
observed. The leather-like material prepared from
shark intestines was proved to be a valuable sub-
stitute for commercial leather materials in leather
industry.
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