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Abstract Collagen from emu skins as a by-product was
prepared. The skins were hardly solubilized in acetic acid,
however were successfully solubilized on digestion with 10 %
pepsin (w/w) for 4 days. The yield of pepsin-solubilized
collagen (PSC) was about 27.3 %, on a raw weight basis.
By SDS-PAGE and CM-Toyopearl 650 M column chroma-
tography, the presence of a fourth subunit that was previously
designated o4 was confirmed. The denaturation temperature
of the PSC was 31.5 °C, about 67 °C lower than that from the
porcine skins. ATR-FTIR analysis indicated that the helical
arrangements of the PSC from emu skins existed and its
structures of PSC were changed slightly due to the loss of
N- and C-terminus domains in similar to that from the porcine
skins. That is, the PSC from emu skins did not possess
telopeptide chains as major portion of antigenic sites in colla-
gen. The present study indicates that a large quantity of emu
skins as by-products have potential as a good alternative
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source of high-quality collagen for industrial purposes in the
foods, cosmetics, and pharmaceutical and biomedical fields.

Keywords Alternative source of collagen - By-product -
Collagen - Emu - Skin

Introduction

Collagen is the most primary protein of animal origin and
comprised approximately 30 % of total animal protein.
Collagen has been utilized to produce edible casings and
heat-denatured collagen. Collagen is also used for the produc-
tion of cosmetics as it has a good moisturizing property
(Swatschek et al. 2002). The highest utilization of collagen
is in pharmaceutical applications including production of
wound dressings, vitreous implants and as carriers for drug
delivery, including biodegradability and weak antigenicity
(Zhang et al. 2006). The main sources of collagen and gelatin
for industrial purposes are generally skins and bones of land-
based animals, such as cow and pig. However, the outbreak of
bovine spongiform encephalopathy, the food-and-mouth dis-
ease, transmissible spongiform encephalopathy, and avian
influenza caused in anxiety among users of collagen and
collagen-derived products from these land-based animals
(Jongjareonrak et al. 2005) and domestic fowls. As a result,
there is a strong need to develop new collagen sources. In the
recent years, we reported the preparation and characterization
of collagens from aquatic organisms to look at alternative
collagen resources. A large amount of collagen could be
obtained from these materials (Nagai 2004; Nagai and
Suzuki 2000, 2002a, b; Nagai et al. 1999, 2000, 2001, 2008,
2011), although the physical and chemical properties of these
collagens were different from those of land-based animals
such as porcine.
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The emu (Dromaius novaehollandiae) belong to the order
Casuariidae and is a free-roving, large, flightless bird indige-
nous to Australia. Now the emu is farmed in Australia,
Canada, Europe, the USA, and Japan. An adult emu
(15 months old) weighing 45 kg carries up to 10 kg of body
fat, from that 7 to 8 1 of a thick oil is obtained by heating at
150 °C. Snowden and Whitehouse (1997) prepared oils from
fat samples of emu and reported the anti-inflammatory activity
of emu oils in rats. Shao et al. (1999) also reported the
functional properties of restructured beef and emu steaks.
Thus, emu fat and meat has been popular among the con-
sumers. During processing, a huge amount of skin from emu
is generated as a by-product. Among collagen alternatives, the
emu skins provide the best source of raw material because of
its high availability, no risk of disease transmission, no reli-
gious barriers, and possibility of higher yielding collagen. No
information on the physicochemical properties of collagen
from the emu skins, however, has been reported. The purpose
of'this study was to isolate collagen from the emu skins, which
are the by-products from emu meat processing plants, and to
investigate its potential as an important collagen source for use
in the industries.

Materials and methods

Emu skin The skins of emu (Dromaius novaehollandiae)
were obtained from a local wholesale market, Hokkaido,
Japan and were stored at —85 °C until used.

Pretreatment of skins All the preparative steps were carried
out at 4 °C. The skins were cut into small pieces using a
scalpel. The pieces (0.5x0.5 cm) were homogenized for 4 days
with 10 volumes of 10 % ethanol to remove the fat by
changing the solution twice a day. The homogenate was
squeezed using cheesecloth to remove any excessive ethanol,
and then the residue was washed with distilled water for 1 day
by changing the solution twice a day. After lyophilization, the
dried matter was extracted for 2 days with 0.1 M NaOH to
remove the noncollagenous proteins by changing the solution
twice a day. The matter was squeezed using cheesecloth, and
then washed with distilled water for 2 days by changing the
solution twice a day. After lyophilization, the dried matter was
used for the extraction of the collagen.

Extraction of collagen The extraction of collagen was per-
formed as described previously (Nagai et al. 2008). The matter
was treated for 2 days with 10 volumes of 0.5 M acetic acid
along with gentle stirring. The extract was centrifuged at
50,000 x g for 1 h. The supernatants were pooled and salted
to isolate and purify the type I collagen by selective salt
precipitation. The collagen was isolated by the addition of
NaCl to a final concentration of 0.9 M NaCl in 0.5 M acetic

acid, followed by precipitation with 2.3 M NaCl in 0.05 M
Tris—HCI buffer (pH 7.5). The resultant precipitate was obtain-
ed by centrifugation at 50,000 x g for 1 h, and was dissolved in
a minimum volume of 0.5 M acetic acid, dialyzed against
0.1 M acetic acid for 2 days by changing the solution once a
day, distilled water for 3 days by changing the solution twice a
day, and then lyophilized (acid-soluble collagen: ASC). The
residue from acetic acid extraction was washed with distilled
water, suspended in 0.5 M acetic acid, and digested with 10 %
(w/w) pepsin (EC 3.4.23.1; 2 x crystallized; 3,085 U/mg pro-
tein, Sigma-Aldrich Co., St. Louis, MO) by continuous stirring
for 4 days. The viscous solution was centrifuged at 50,000 x g
for 1 h, and the supernatants were pooled and dialyzed to
inactivate the pepsin against 0.02 M Na,HPO, (pH 7.2) for
3 days by changing the solution twice a day. After centrifuga-
tion at 50,000 x g for 1 h, the precipitate was dissolved in 0.5 M
acetic acid and salted out by the addition of solid NaCl to a final
concentration of 0.9 M NaCl in 0.5 M acetic acid, followed by
precipitation with 2.3 M NaCl in 0.05 M Tris—HCI buffer
(pH 7.5). The resultant precipitate was obtained by centrifuga-
tion at 50,000 x g for 1 h, and the precipitate was dissolved in a
minimum volume of 0.5 M acetic acid, dialyzed against 0.1 M
acetic acid for 2 days by changing the solution twice a day,
distilled water for 3 days by changing the solution twice a day,
and then lyophilized (PSC).

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) SDS-
PAGE was performed as described previously (Nagai et al.
2008). Molecular weight marker proteins [myosin (205 kDa),
[3-galactosidase (116 kDa), phosphorylase B (97 kDa), and
bovine serum albumin (66 kDa)] were purchased from the
Sigma-Aldrich Co. (USA).

Amino acid composition An amino acid analysis was per-
formed as described previously (Nagai et al. 2008).

Ultraviolet spectra The ultraviolet absorption spectra of the
PSC from the skins of emu was recorded by a PerkinElmer
model Lambda 11 (PerkinElmer, Tokyo, Japan) UV/VIS spectro-
photometer. The PSC was dissolved in 0.5 M acetic acid and
then the viscous solution was centrifuged at 50,000 x g for
30 min to remove the undissolved collagen fibre. The
supernatants were used in this analysis.

Peptide mapping The peptide mapping was performed as
described previously (Nagai et al. 2008). The molecular
weight markers [myosin (205 kDa), [3-galactosidase
(116 kDa), phosphorylase (97.4 kDa), bovine serum albumin
(66 kDa), ovalbumin (45 kDa), glyceraldehyde-3-phosphate
dehydrogenase (36 kDa), carbonic anhydrase (29 kDa), bo-
vine pancreas trypsinogen (24 kDa), and soybean trypsin
inhibitor (20.1 kDa)] were obtained from Sigma-Aldrich
Co., (USA).
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CM-Toyopearl 650 M column chromatography CM-
Toyopearl 650 M column chromatography was performed
using 10 mg of the PSC as described previously (Nagai
et al. 2008). The subunit components were detected at
230 nm and the fractions indicated by the numbers were
examined by SDS-PAGE using 7.5 % gel.

Denaturation temperature Denaturation temperature was
measured by the method of Nagai et al. (2008).

Attenuated total reflectance-fourier transform infrared (ATR-
FTIR) spectroscopy The ATR-FTIR spectra were collected at
20 °C and 40 % relative humidity by coupling the ATR
accessory (ATR PRO410-S: JASCO Co., Tokyo, Japan) to a
JASCO (Tokyo, Japan) FT/IR-4100 type A instrument. The
IR spectrometer bench was equipped with a globar source, a
KBr beam splitter, and a triglycine sulfate detector. The ATR
sampling device utilized a diamond internal reflection element
embedded into a ZnSe support/focusing element in a single
reflection configuration. The spectra were obtained over the
range of 4,000-650 cm ' at 4 cm ™' resolution. The resultant
spectra were analyzed using an IR Protein Secondary
Structure Analysis Program (JASCO Co., Tokyo, Japan).

Results and discussion

Preparation of collagen The emu skins were treated with
ethanol to remove the fat. A large amount of fat were extract-
ed. The yield of the lyophilized matter was about 35.6 % on a
raw weight basis. The matter was treated with NaOH to
remove the noncollagenous proteins. As a result, the yield of
the lyophilized matter was about 31.3 % on a raw weight
basis. Next, the matter was treated to solubilize the ASC with
acetic acid, but was hardly solubilized. The PSC was readily
solubilized from the residue from the acetic acid extraction.
Finally, the PSC was successfully solubilized by gentle stir-
ring for 4 days with limited pepsin digestion. Then the PSC
was purified by differential salt precipitation. The yield of the
PSC was very high, about 27.3 % on a raw weight basis. The
result was explained by the fact that collagen molecules in
emu skin were most likely cross-linked by covalent bonds
through the condensation of aldehyde groups at the
telopeptide region as well as the inter-molecular cross-
linking, leading to a decrease in the solubility of collagen
(Zhang et al. 2007). However, with limited pepsin digestion,
the cross-linked molecules at the telopeptide region were
cleaved, resulting in further extraction: pepsin could cleave
effectively at the telopeptide region of collagen from the emu
skins.

Previously we have tried to prepare collagens from aquatic
organisms, and its yields were very high as follows: ASCs

@ Springer

from Japanese sea bass, chub mackerel, and bullhead shark
skins: 44.7-51.4 % (Nagai and Suzuki 2000); PSCs from
diamondback squid outer skins: 35.6 % (Nagai 2004), paper
nautilus outer skins: 50.0 % (Nagai and Suzuki 2002a), Sepia
lycidas outer skins: 35.0 % (Nagai et al. 2001), and ocellate
puffer fish skins: 44.7 %, (Nagai and Suzuki 2002b), respec-
tively. Furthermore, we tried to prepare and characterize the
collagen from common minke whale unesu. The collagen was
readily solubilized from the unesu by pepsin digestion, about
28.4 % yield on a raw weight basis (Nagai et al. 2008). Other
researchers have also reported the yields of skin collagen as
follows: channel catfish ASC (25.8 %) and PSC (38.4 %) (Liu
et al. 2007), deep-sea redfish ASC (47.5) and PSC (92.2 %)
(Wang et al. 2007), and grass carp PSC (46.6 %) (Zhang et al.
2007). Jaroenviriyapap and Vittayanont (2009) tried to pre-
pare collagens from tracheas of chicken, duck, and ostrich as
by-products. Cliché et al. (2003) reported that the collagen
was prepared from chicken skins by limited pepsin digestion
and the yield of PSC was 38.9 % on a dry weight basis. It
suggests the possibility for the PSC from the emu skins to
have potential as a good alternative source of high-quality
collagen for industrial purposes.

SDS-PAGE The PSC from the emu skins was estimated by
SDS-PAGE using 7.5 % gel. As a result, the two distinct bands
were confirmed in the stained gel in mobility in the « region
(Fig. 1): this collagen existed as trimers consisting of two
distinct o« chains, such as «l and «2. The existence of an
«3 chain was not identified under this electrophoretic
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Fig. 1 SDS-polyacrylamide gel electrophoresis pattern of the collagens
from the skins of porcine and emu on 7.5 % gels containing 3.5 M urea.
(MW): high molecular marker: (A): porcine skin collagen; (B): emu skin
PSC
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conditions. A large amount of high molecular weight compo-
nent, (3 chain was detected in it. By limited pepsin digestion,
[3-component might be cleaved into « components, as evi-
denced by the increased band intensity of the « chains. The
positions of the chains of PSC from the emu skins were similar
to those from the porcine skins (Fig. 1). These results indicate
that the PSC from the emu skins may have a chain composi-
tion of (x1),«?2 heterotrimer are the type I collagen as a major
component in mammalian collagen, such as porcine and in
poultry collagens, such as chicken (Cliché et al. 2003) and
duck and ostrich (Jaroenviriyapap and Vittayanont 2009).

Amino acid composition The amino acid composition of PSC
from the emu skins was investigated and expressed as residues
per 1,000 total residues. Glycine (331 residues) was the most
abundant amino acid and accounted for about one third among
the total amino acids in the PSC (Table 1). There were rela-
tively high contents of proline (121 residues), alanine (110
residues), hydroxyproline (97 residues), and glutamic acid (75
residues), decreasing in that order. Tryptophan and cysteine
were not detected. In general, type I collagen has low contents
of cysteine (~0.2 %) and methionine (~1.24-1.33 %) (Owusu-
Apenten 2002). It is well known about the existence of imino
acids, such as proline and hydroxyproline in collagen. Higher
the imino acids content, greater is the stability of the helices of
collagen. The molecular structure of collagen is maintained
mainly by restrictions on changes in the secondary structure of
the polypeptide chain, imposed by the pyrrolidine rings of
proline and hydroxyproline, and also maintained partially by

Table 1 Amino acid

composition of PSC Amino acid Residues/1000
from emu skins
Hydroxyproline 97
Hydroxylysine 4
Aspartic acid 48
Threonine 19
Serine 30
Glutamic acid 75
Proline 121
Glycine 331
Alanine 110
Valine 17
Methionine 7
Isoleucine 13
Leucine 25
Tyrosine 3
Phenylalanine 14
Lysine 30
Histidine 5
Arginine 51
Total 1000

the hydrogen bonding ability of the hydroxyl group of hydroxy-
proline. The total contents of the imino acids in this colla-
gen from the emu skins were very high (218 residues),
21.8 %, similar to that in collagen from the largefin longbarbel
catfish skins (21.3 %; Zhang et al. 2009). Moreover, this was
fairly higher than those in collagens from as follows: ocellate
puffer skin (17.0 %; Nagai and Suzuki 2002b) and cuttlefish
outer skin (18.6-18.8 %; Nagai 2004; Nagai et al. 2001).
Moreover, other researchers also reported total contents of
imino acid in collagen from the skins: bigeye snapper
(19.3 %, Kittiphattanabawon et al. 2005), bullfrog (16.7 %;
Li et al. 2004), channel catfish [17.1 (ASC) and 17.7 % (PSC);
Liu et al. 2007], brown backed toadfish (17.0 %; Senaratne
et al. 2000), deep-sea redfish (16.0 %; Wang et al. 2007),
walleye pollack (18.4 %; Yan et al. 2008), and grass carp
(18.6 %; Zhang et al. 2007), respectively.

Hydroxyproline is derived from proline by post-
translational hydroxylation, mediated by prolylhydroxylase.
It is well known that the degree of hydroxylation of proline
influences the thermal stability of the collagen: a higher de-
gree of hydroxylation is associated with a higher denaturation
temperature of the collagen. The degree of hydroxylation of
proline residues in the PSC from the emu skins was calculated
to be about 44.5 % (Table 1). On the other hand, we reported
the degrees of hydroxylation of proline residues in the colla-
gens as follows: cuttlefish outer skin (47.8-47.9 %; Nagai
2004; Nagai et al. 2001), ocellate puffer skin (39.4 %; Nagai
and Suzuki 2002b), common minke whale unesu (39.2 %;
Nagai et al. 2008), respectively. In this respect results reported
by other researchers are as follows: bigeye snapper (39.9 %;
Kittiphattanabawon et al. 2005), bullfrog (32.3 %; Li et al.
2004), channel catfish (42.9 %; Liu et al. 2007), brown backed
toadfish (45.3 %; Senaratne et al. 2006), deep-sea redfish
(38.1 %; Wang et al. 2007), walleye pollack (37.5 %; Yan
et al. 2008), grass carp (34.9 %; Zhang et al. 2007), and
largefin longbarbel catfish (34.7 %; Zhang et al. 2009),
respectively.

Ultraviolet spectra In general, there is no obvious absorption
for collagen sample in the near ultraviolet region at 280 nm
because of non existence of tryptophan residue in collagen.
The maximum ultraviolet absorption spectra of the PSC from
the emu skins was investigated. As a result, the distinct
absorption of it was obtained near 235.1 nm (Fig. 2). Due to
low content of phenyl alanine and tyrosine there are no ab-
sorption bands between 250 and 290 nm (Table 1 and Fig. 2).
This was in accordance with the characteristic absorption of
collagen. Li et al. (2004) reported that the collagen from the
bullfrog skins has absorption near 236 nm. Moreover, other
researchers reported the maximum absorptions of the colla-
gens from the skins as follows: channel catfish; 232 nm (Liu
et al. 2007) and largefin longbarbel catfish; 233 nm (Zhang
et al. 2009).

@ Springer
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Fig. 2 Ultraviolet spectra of the PSC from emu skins

Peptide mapping After the digestion by lysyl endopeptidase,
the denatured collagen samples were applied to SDS-PAGE
using a 10 % gel and the patterns of the peptide fragment were
compared with those from the porcine skins. As shown in
Fig. 3, varying degradation peptides with different molecular
weights were obtained. Peptides with molecular weight of
about 205, 125, 100, and 76 kDa were the dominant products
of'the collagen from the porcine skins. On the other hand, PSC
from the emu skins showed the main bands with the molecular
weights of about 37 and 31 kDa. Thus, the electrophoretic
pattern of the PSC from the emu skins was different from that
from the porcine skins. PSC from the emu skins was more
susceptible to hydrolysis by lysyl endopeptidase than collagen
from the porcine skins.

Subunit composition The subunit composition of the PSC
from the emu skins was investigated by applying the dena-
tured collagen to the CM-Toyopearl 650 M column chroma-
tography. The chromatographic fractions as indicated by the
numbers were analyzed by SDS-PAGE using 7.5 % gel. This
was resolved in two protein fractions, consisted an « chain as
a major component (Fig. 4). That is, these chains were x1 in
fractions 1-4, &2 in fractions 2 and 3, and &3 in fractions 5
and 6, as indicated by the number. Interestingly, this collagen
contained a large quantity of a fourth subunit that was previ-
ously designated a4 in fractions 5 and 6 as indicated by the
number. This suggested that the PSC from the emu skins was a
heterotetramer with a chain composition of alax2x3x4.
Nagai et al. (2000) studied the collagen from the mesogloea
of rhizostomous jellyfish (Rhopilema asamushi) and then
reported the existence of o4 subunit in this collagen. Kimura
et al. (1987) reported that only eel skin collagen among some
teleosts was quite unique and its collagen contained a fourth
subunit «4.

Recently, Nagai and co-researchers have studied the colla-
gens from the aquatic organisms and their application for
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Fig. 3 Peptide mapping of lysyl endopeptidase digests of the collagens
from the skins of porcine and emu. (HMM): high molecular marker; (A):
porcine skin collagen; (B): emu skin PSC; (LMM): low molecular marker

industrial purposes. They reported that the diversity existed
in the subunit composition of the collagens from these species:
diamondback squid outer skin PSC (1 23; Nagai 2004),
paper nautillus outer skin PSC (xlx2«3, Nagai and Suzuki
2002a), cuttlefish outer skin PSC [(x1),x2; Nagai et al. 2001],
and ocellate puffer fish skin PSC [(x1),«2; Nagai and Suzuki
2002b], respectively. Senaratne et al. (2006) studied the
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Fig.4 CM-Toyoperal 650 M column chromatography of denatured emu
skin PSC. A 1.0x6.0 column of CM-Toyopearl 650 M was equilibrated
with 20 mM sodium acetate buffer (pH 4.8) containing 6 M urea, and
maintained at 37 °C. The PSC (10.0 mg) was dissolved in 5 ml of the
same buffer, denatured at 45 °C for 30 min, and then eluted from the
column with a linear gradient of 0 to 0.15 M NaCl at a flow rate of
0.8 ml/min. The fractions indicated by the numbers were examined by
SDS-PAGE using 7.5 % gel
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collagen from the brown backed toadfish skins (Lagocephalus
gloveri) and characterized. The collagen had a chain compo-
sition of atl ®23 heterotrimer. Other researchers also studied
the PSCs from the bullfrog skins (Li et al. 2004), channel
catfish (Liu et al. 2007), and grass carp (Zhang et al. 2007), but
did not investigate the subunit composition of these collagens.
On the other hand, we recently isolated collagen from the
common minke whale unesu by pepsin treatment and charac-
terized (Nagai et al. 2008). This collagen consisted of a
(ax1),2 heterotrimer, similar to that of mammalian collagen,
such as the collagen from the porcine skins.

Denaturation temperature The denaturation temperature of
the PSC from the emu skins was calculated from the thermal
denaturation curve, since the heat transformation of the colla-
gen is interpreted as disintegration of triple helical structure of
the collagen into random coils. For comparison, the denatur-
ation temperature of the collagen from the porcine skins was
also measured. As a result, it was calculated that the denatur-
ation temperature of the PSC was about 31.5 °C (Fig. 5). This
value was about 5.5 °C lower than that of the collagen from
the porcine skins. By the literature of Nagai and co-
researchers, the denaturation temperatures of the collagens
from aquatic organisms were as follows: fish skin (28.0 °C,
Nagai and Suzuki 2002b), octopus outer skin (27.0 °C, Nagai
and Suzuki 2002a), cuttlefish outer skin (27.0-27.5 °C, Nagai
2004; Nagai et al. 2001), exumbrella and mesogloea from
jellyfishes (26.0-28.8 °C, Nagai et al. 1999, 2000), respec-
tively. In recent years, Nagai et al. (2008) reported that the
denaturation temperature of the collagen from common minke
whale unesu was calculated to be about 31.5 °C. Other re-
searchers reported the denaturation temperatures of the colla-
gens as follows: bullfrog skin PSC (30.3 °C, Li et al. 2004),

Fractional change

0.0 v T T T T
20 30 40 50

Temperature (°C)

Fig. 5 Thermal denaturation curve of emu skin PSC. The denaturation
temperature was measured by viscosity in 0.1 M acetic acid. The incu-
bation time at each temperature was 30 min. Collagen concentration
0.03 %; (white circle): porcine skin collagen; (black circle): emu skin
PSC

brown backed toadfish skin PSC (28.0 °C, Senaratne et al.
2006), channel catfish skin ASC (32.5 °C, Liu et al. 2007),
grass carp skin PSC (28.4 °C, Zhang et al. 2007), and largefin
longbarbel catfish skin ASC and PSC (32.1 °C and 31.6 °C,
Zhang et al. 2009). Generally, it is known that the denaturation
temperatures of the collagens from land animals are higher
than those from aquatic organisms. This is correlated with
their environmental and body temperatures.

ATR-FTIR spectroscopy analysis With the advancement of
Fourier transform infrared and the introduction of ATR de-
vices in the past few years, ATR-FTIR spectroscopy is one of
the most versatile techniques for the quick identification and
characterization of collagen because it gathers information
from any type of sample.

The ATR-FTIR spectrum of the PSC from the emu skins is
shown in Fig. 6. The amide I band with its characteristic
frequencies in the range of 1,600—1,700 cm ™', associated with
the stretching vibrations of the carbonyl group (C = O bond)
along the polypeptide backbone (Payne and Veis 1988), is a
sensitive marker of the peptide secondary structure (Surewicz
and Mantsch 1988). The amide I, II, and III bands of the PSC
were found at 1,633, 1,541, and 1,237 cm L, respectively
(Fig. 6). The first two bands indicate C = O stretching and
N-H bending vibrations. The band at 1,237 cm ™' cannot be for
C-H stretch (Payne and Veis 1988). The amide A band is
associated with the N-H stretching frequency. Doyle et al.
(1975) reported a free N-H stretching vibration occurs in the
range of 3,400 to 3,300 cm ', and when the NH group of a
peptide is involved in hydrogen bond, the position is shifted to
lower frequencies, usually around 3,300 cm™'. The band at
3,309 cm ! indicates the existence of hydrogen bonds in the
PSC from the emu skins. On the other hand, it is known that
amide B band is related to asymmetrical stretch of CH,
(Muyonga et al. 2004). The band was observed at
2,925 cm . These results indicate the existence of helical
arrangements of the PSC from the emu skins. This is a similar
spectral pattern to those of other species collagens (Li et al.

0.22
0.2 Amide 1 —%
Amide IT
Amide IIT
Abs 0.1~ Amide A
Amide B
0 1 I 1 1 I
4000 3000 2000 1000 650

Wavenumber [cm-1]

Fig. 6 Fourier transform infrared spectra of emu skin PSC
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2004; Liu et al. 2007; Muyonga et al. 2004; Nagai et al. 2008;
Singh et al. 2011; Wang et al. 2007; Yan et al. 2008; Zhang
et al. 2009). On the other hand, a weak 1,741 cm ! peak
cannot be due to C-H stretching for PSC, that was in agree-
ment with the findings of Singh et al. (2011) and Nagai et al.
(2008), but was different from those of Nagai et al. (2011).

This percentage of secondary structural components, such as
o-helix, 3-sheet, 3-turn, and others (random coil structure), of
the PSC from the emu skins were calculated. Sarver and
Krueger (1991) investigated the protein secondary structure
using FTIR and analyzed the resulting spectra to construct a
database. So we tried to analyze the spectra of the PSC from the
emu skins using an IR Protein Secondary Structure Analysis
Program (JASCO Co.). As a result, the percentage of these
components of the PSC was 9 % «-helix, 35 % (3-sheet, 18 %
[3-turn, and 20 % others. For comparison, the percentage of the
collagen from the porcine skins was calculated as follows: 9 %
o-helix, 51 % P-sheet, 13 % P-turn, and 15 % others. This
suggests that the sheet structure in the collagen of the porcine
skins is different from the PSC from the emu skins.

Conclusion

Based on the studies above, the collagen from the emu skins
was successfully prepared by the digestion of pepsin for
4 days. This collagen did not possess telopeptide chains as
major portion of antigenic sites in collagen. The yield of the
collagen was fairly high. This collagen contained a large
quantity of an unique and fourth subunit that was previously
designated o4. By the physicochemical investigation of the
collagen, we suggest that a large quantity of emu skins as by-
products have potential as a good alternative source of high-
quality collagen for industrial purposes in the foods, cos-
metics, and pharmaceutical and biomedical fields.
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