
Food and Nutrition Sciences, 2012, 3, 72-79 
http://dx.doi.org/10.4236/fns.2012.31012 Published Online January 2012 (http://www.SciRP.org/journal/fns) 

Collagen from Tendon of Yezo Sika Deer (Cervus nippon 
yesoensis) as By-Product 

Takeshi Nagai1,2*, Nobutaka Suzuki3, Yasuhiro Tanoue4, Norihisa Kai4 
 

1Graduate School, Prince of Songkla University, Songkhla, Thailand; 2Mimasaka University, Okayama, Japan; 3Nagoya Research 
Institute, Toyoake, Aichi, Japan; 4National Fisheries University, Yamaguchi, Japan. 
Email: *nandemofreefree@yahoo.co.jp 
 
Received September 5th, 2011; revised October 11th, 2011; accepted October 19th, 2011 

ABSTRACT 

Collagen from tendon of Yezo sika deer was prepared by limited pepsin digestion. The yield of collagen was very high; 
35.7% on the basis of lyophilized dry weight. The secondary structure of this collagen was different from that of por-
cine skin by ATR-FTIR analysis, although it was the same characteristics, e.g. SDS-PAGE, subunit composition, ther-
mal behavior, as porcine collagen. Since taking up a problem of bovine spongiform encephalopathy infection in land 
animals such as calf or bovine, collagen from aquatic materials has been used in various industries. However, the pre-
sent study indicates that tendon of Yezo sika deer as by-product of meat industry will have potential as an important 
collagen source for use in the foods, cosmetics, and medical fields. 
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1. Introduction 

The collagens are a family of proteins found in most an-
imal tissues, where they play various important struc- 
tural roles as intracellular matrix constituents. Type I 
collagen, which consists of two α1 polypeptide chains 
and one α2, is a prevalent protein in bone, skin, and ten- 
don. So far, for industrial applications as functional foods, 
biomedical materials, and cosmetics collagen have been 
extracted from the skins of some vertebrate species such 
as pig and calf or bovine. However, the outbreak of bo- 
vine spongiform encephalopathy (BSE), transmissible 
spongiform encephalophathy (TSE), the foot-and-mouth 
disease (FMD), and avian influenza have resulted in anxi- 
ety among users of collagen and collagen-derived prod- 
ucts from these land animals [1]. Recently, alternatives 
of land animals as collagen sources are extremely desired. 
Until now, as a part of a study looking at the effective 
use of underutilized resources, we tried to prepare and 
characterize the collagens from aquatic organisms [2-11]. 
As a result, a large quantity of collagen could be obtained 
from these aquatic organisms, although the physical and 
chemical properties of these collagens were different 
from those of land animals such as porcine. 

Many species of wild animals such as Yezo sika deer 
(Cervus nippon yesoensis), Hokkaido brown bear (Vrsus 
arctos yesoensis), Hokkaido squirrel (Sciurus vulgaris  

orientis), and Schrenks red fox (Vulpes vulpes schrencki) 
lives in the eastern part of Hokkaido, Japan. Particularly, 
Shiretoko, in the east Hokkaido, has been recorded as 
one of the World Heritage by United Nations Educa- 
tional, Scientific and Cultural Organization (UNESCO) 
in July 15, 2005. While we have no active from the 
standpoint of nature conservation, the quantity of Yezo 
sika deer explosively increased and now it is known to 
live about six hundred of Yezo sika deer in this area. As 
a result, it is increasing not only any damage to the crops 
and forest, but also traffic accident to people. To solve 
the problem as quick as possible, it is necessary to use 
Yezo sika deer as one of the utilized resources to human 
life. Fortunately, so far, there are quite report that is 
likely to be associated with infections such as BSE, TSE, 
and FMD in Yezo sika deer. The objective of this re- 
search was to prepare the collagen from tendon of Yezo 
sika deer as by-product of meat industry and to compare 
the characteristics with collagen from other species such 
as aquatic organisms to investigate whether to have po- 
tential as an important collagen source for use in the in- 
dustries. 

2. Materials and Methods 

2.1. Sample 

Tendon from Yezo sika deer was obtained from Hokusen *Corresponding author. 
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Development Co. Ltd., Kushiro, Hokkaido, Japan. The 
tendon was stored at –85˚C until used. 

2.2. Preparation of Collagen from Tendon of 
Yezo Sika Deer 

All the preparative procedures were carried out at 4˚C. 
The frozen tendon was thawed at half and cut into small 
pieces (0.5 × 1.0 cm) by a scalpel (D-4: As One Co. Ltd., 
Osaka, Japan). The pieces were extracted with 10 vol-
umes of 10% ethanol to remove fat for 3 days by chang-
ing the solution once a day. The resultant matter was 
washed with distilled water for a day by changing the 
solution. The matter was extracted with 0.1 M NaOH to 
remove noncollagenous proteins for 2 days by changing 
the solution twice a day. The resultant matter was wash- 
ed with distilled water for 2 days by changing the solu- 
tion three time a day and lyophilized. The dried matter 
was extracted with 0.5 M acetic acid for 3 days. The ex- 
tract was centrifuged at 50,000 × g for 1 h. The super- 
natants were pooled and salted out to purify the collagen 
by adding NaCl to a final concentration of 0.7 M and 
followed by precipitation of the collagen by the addition 
of NaCl at a final concentration of 2.2 M at a neutral pH 
in 0.05 M Tris-HCl (pH 7.5). The resultant precipitate 
was obtained by centrifugation at 50,000 × g for 1 h, and 
dissolved in a minimum volume of 0.5 M acetic acid, 
dialyzed against 0.1 M acetic acid, distilled water, and 
then lyophilized (acid-soluble collagen). 

The residue produced by the extraction of acid-soluble 
collagen was washed with distilled water for a day twice 
a day, suspended in 0.5 M acetic acid, and was digested 
with 1.0% (w/w) pepsin (EC 3.4.23.1; 2× crystallized; 
3085 U/mg protein, Sigma-Aldrich Co., USA) by con- 
tinuous stirring for 2 days. After centrifugation at 50,000 
× g for 1 h, the supernatants were pooled and dialyzed 
against 0.02 M Na2HPO4 (pH 7.2) for 3 days with the 
change of solution twice a day to inactivate the pepsin. 
The precipitate collected by centrifugation in the same 
conditions was dissolved in 0.5 M acetic acid and salted 
out by selective salt precipitation at above conditions. 
The resultant precipitate was obtained by centrifugation 
at 50,000 × g for 1 h, dissolved in 0.5 M acetic acid, dia- 
lyzed against 0.1 M acetic acid for a day, distilled water 
for 3 days by changing the solution twice a day, and then 
lyophilized (pepsin-solubilized collagen). 

2.3. Sodium Dodecyl Sulphate-Polyacrylamide 
Gel Electrophoresis (SDS-PAGE) of 
Collagen from Tendon of Yezo Sika Deer 

SDS-PAGE was performed as described previously [12]. 
After electrophoresis, the gel was stained with Coomassie 
brilliant blue R-250 (Fluka Fine Chemical Co. Ltd., To- 
kyo, Japan) and destained with 7.5% acetic acid and 5% 

methanol. Myosin (205 kDa), β-galactosidase (116 kDa), 
phosphorylase B (97 kDa), and bovine serum albumin 
(66 kDa) were used as marker proteins that were pur-
chased from Sigma-Aldrich Co. (USA). 

2.4. Peptide Mapping of Collagen from Tendon 
of Yezo Sika Deer 

Collagen samples (1.0 mg) were dissolved in 0.1 ml of 
0.1 M sodium phosphate buffer (pH 7.2) containing 0.5% 
SDS and boiled for 5 min. The denatured collagen sam- 
ples were cooled in ice, and then were digested at 37˚C 
by lysyl endopeptidase (0.24 amidase activity) from 
Achromobacter lyticus M497-1 (EC 3.4.21.50; Wako 
Pure Chemical Industries, Ltd., Osaka, Japan). After 30 
min, the samples were added SDS to a final concentra-
tion of 2%, and boiled for 5 min to stop the digestion. 
The products were centrifuged at 30,000 × g for 5 min, 
and the supernatants were pooled and used as the sample 
solution for SDS-PAGE [13]. Myosin (205 kDa), β-galac- 
tosidase (116 kDa), phosphorylase (97.4 kDa), bovine 
serum albumin (66 kDa), ovalbumin (45 kDa), glyceral-
dehyde-3-phosphate dehydrogenase (36 kDa), carbonic an- 
hydrase (29 kDa), bovine pancreas trypsinogen (24 kDa), 
and soybean trypsin inhibitor (20.1 kDa) were obtained 
from Sigma-Aldrich Co., (USA) and used as standards. 

2.5. Column Chromatography of Collagen from 
Tendon of Yezo Sika Deer 

Collagen sample (20 mg) was dissolved in 20 mM so- 
dium acetate buffer (pH 4.8) containing 6 M urea at 4˚C 
for a day by continuous stirring. After denaturation at 
45˚C for 30 min, the solution was centrifuged at 50,000 × 
g at room temperature for 1 h. The supernatants were 
pooled, pre-incubated at 37˚C, and then applied to a 
CM-Toyopearl 650 M column (1.0 × 6.0 cm) previously 
equilibrated with the same buffer. The subunit compo- 
nents were separated and eluted by a linear gradient of 
0 - 0.15 M NaCl in the same buffer at a flow rate of 0.8 
ml/min. These components were detected at 230 nm and 
the fractions indicated by the numbers were confirmed 
by SDS-PAGE using 7.5% gel. 

2.6. Denaturation Temperature of Collagen from 
Tendon of Yezo Sika Deer 

Using a Canon-Fenske type viscometer with an average 
shear gradient of 400 sec-1, denaturation temperature 
was measured by the method of Nagai [14]. The vis-
cometer containing 5 ml of 0.03% collagen in 0.1 M ace-
tic acid was immersed in a water bath at 20˚C - 50˚C. 
The viscosities of collagen samples were measured after 
incubation at each temperature for 30 min. The denatura-
tion temperature was determined as the temperature caus- 
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ing a 50% decrease in viscosity. Each point is the mean 
of triplicate determinations. 

2.7. Amino Acid Composition of Collagen from 
Tendon of Yezo Sika Deer 

Collagen samples were hydrolyzed under reduced pres- 
sure in 6 M HCl at 110˚C for 24 h, and the hydrolysates 
were analyzed on a JASCO liquid-chromatography sys- 
tem by on-line precolumn derivatization with o-phthal- 
aldehyde. This system consisted of a JASCO PU-2080 
plus intelligent HPLC-pump, a JASCO FP-2020 plus 
intelligent fluorescence detector, a JASCO CO-2060 plus 
intelligent column thermostat, a JASCO DG-2083-53 
3-line degasser, a JASCO LG-2080-02 ternary gradient 
unit, a JASCO AS-2057 plus intelligent sampler, and a 
JASCO CrestPak C18S (φ4.6 × 150 mm) reversed-phase 
column. The excitation and emission wavelengths were 
set at 345 and 455 nm, respectively. Eluents were filtered 
through Millipore membranefilters (pore size 0.45 μm). 

2.8. Attenuated Total Reflectance-Fourier 
Transform Infrared (ATR-FTIR) 
Spectroscopy of Collagen from Tendon of 
Yezo Sika Deer 

ATR-FTIR spectra were collected at 20˚C and 40% rela- 
tive 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 bean splitter, and a triglycine sulfate detector. The 
ATR sampling device utilized a diamond internal reflec- 
tion element embedded into a ZnSe support/focusing 
element in a single reflection configuration. Spectra were 
obtained over the range of 4000 - 650 cm–1 at 4 cm–1 res-
olution. The resultant spectra were analyzed using an IR 
Protein Secondary Structure Analysis Program (JASCO 
Co., Tokyo, Japan). 

3. Results and Discussion 

3.1. Preparation of Collagen from Tendon of 
Yezo Sika Deer 

The tendon of Yezo sika deer was treated with ethanol 
and NaOH to remove fat and noncollagenous proteins. 
The yield of lyophilized matter was about 41.8% on a 
wet weight basis. Acid-soluble collagen was extracted 
from lyophilized matter using acetic acid, but was hardly 
solubilized (yield: about 0.08% on a dry weight basis of 
lyophilized matter). On the other hand, the resultant mat- 
ter from acid-soluble collagen was used for the extraction 
of pepsin-solubilized collagen. As a result, the collagen 
was successfully solubilized and was effectively purified  

by differential salt precipitation. The yield was high 
about 35.7% on a dry weight basis of lyophilized matter. 
In our previous papers, it reported the preparation and 
characterization of collagens from aquatic organisms. 
The yields of these collagens were as follows: fish skin 
[acid-soluble collagen from Japanese sea bass, chub mack- 
erel, and bullhead shark: 44.7% - 51.4% [8]; pepsin- so-
lubilized collagen from ocellate puffer fish: 44.7% [5]; 
acid-soluble collagen (25.8%) and pepsin-solubilized 
collagen (38.4%) from channel catfish [15]; acid-soluble 
collagen (47.5%) and pepsin-solubilized collagen (92.2%) 
from deep-sea redfish [16]; pepsin-solubilized collagen 
from grass carp: 46.6% [17], fish bone (40.7-53.6%) 
from Japanese sea bass, horse mackerel and ayu [10], 
fish scale (pepsin-solubilized collagens from Japanese 
sea bass, red sea bream, and sardine: 37.5% - 50.9%) [7], 
octopus (pepsin-solubilized collagens from Callistocto- 
pus arakawai arm: 62.9% [6], paper nautilius outer skin: 
50.0% [11]), cuttlefish outer skin (pepsin-solubilized 
collagens from Sepia lycidas: 35.0% [4] and from dia- 
mondback squid: 35.6% [14]), test (pepsin-solubilized 
collagen from purple sea urchin: 35.0%) [9], and jellyfish 
(pepsin-solubilized collagens from edible jellyfish exum- 
brella: 46.4% [2] and from rhizostomous jellyfish meso- 
gloea: 35.2% [3]), respectively. Collagen is the protein 
that is found in the highest concentration, about 30%, in 
the living body. In particular, it is well known that a large 
amount of collagen contains in skin and bones of organ-
isms. From this investigation it suggests that collagen 
obtained from tendon of Yezo sika deer has potential use 
as an alternative to land animal collagen such as bovine 
and pig in foods, cosmetics, and biomedical materials as 
well as aquatic organisms collagen. 

3.2. SDS-PAGE of Collagen from Tendon of 
Yezo Sika Deer 

By SDS-PAGE using 7.5% gel, the pepsin-solubilized 
collagen from tendon of Yezo sika deer was investigated. 
As a result, two distinct α chains corresponding to α1 and 
α2 were detected for their different positions in mobility 
(Figure 1). On the other hand, the existence of α3 chain 
could not identified to be detected in the same position to 
α1 under this electrophoretic conditions employed. Small 
amounts of β- and γ- chains were detected in this colla-
gen. These positions of collagen from tendon of Yezo 
sika deer were similar to those of porcine skin. From 
these results, this collagen may have a chain composition 
of (α1)2α2 heterotrimer similar to that of mammalian 
collagen such as porcine skin. Cliche et al. [18] exam-
ined the chicken skin collagen extracted by pepsin diges-
tion and reported that this collagen consisted of two dis-
tinct α chains such as α1 and α2. 
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3.3. Peptide Mapping of Collagen from Tendon 
of Yezo Sika Deer 

By SDS-PAGE using 10% gel, the denatured acid-solu- 
ble and pepsin-solubilized collagens from tendon of Yezo 
sika deer were investigated to direct compare the pattern 
of peptide fragments with porcine skin collagen. These 
collagens were not perfectly hydrolyzed by lysyl endo- 
peptidase and the peptide fragments of collagen were 
detected in molecular weight ranging from 100 to 20 kDa 
(Figure 2). The electrophoretic patterns of acidsoluble  

 

 

Figure 1. SDS-polyacrylamide gel electrophoresis of colla-
gens from porcine skin and tendon of Yezo sika deer on 
7.5% gels containing 3.5 M urea. (MW): high molecular 
marker: (A): acid-soluble collagen from tendon of Yezo sika 
deer; (B): pepsin-solubilized collagen from tendon of Yezo 
sika deer; (C): porcine skin collagen. 
 

 

Figure 2. Peptide mapping of lysyl endopeptidase digests of 
collagens from porcine skin and tendon of Yezo sika deer. 
(HMM): high molecular marker; (A): porcine skin collagen; 
(B): acid-soluble collagen from tendon of Yezo sika deer; 
(C): pepsin-solubilized collagen from tendon of Yezo sika 
deer; (LMM): low molecular marker. 

and pepsin-solubilized collagens were very similar, but 
these were slightly different from that of porcine skin col- 
lagen: the protein bands having molecular weights about 
40, 33, 29 kDa were only shown in collagens from ten- 
don of Yezo sika deer. 

3.4. Subunit Composition of Collagen from 
Tendon of Yezo Sika Deer 

To separate the subunit components of pepsin-solubilized 
collagen from tendon of Yezo sika deer, the denatured col- 
lagen was applied to a CM-Toyopearl 650M column. Al- 
though complete resolution of the peaks was not achieved, 
it assumed that the large peak having the shoulder on the 
right and left contained an α chain as a major component 
in this collagen (Figure 3). 

To identify each of α chains, several chromatographic 
fractions, as indicated by the numbers, were analyzed by 
SDS-PAGE using 7.5% gel. The result suggest that this 
collagen consists of two α chains. An α1 chain was found 

 

 

Figure 3. CM-Toyoperal 650 M column chromatography of 
denatured pepsin-solubilized collagen from tendon of Yezo 
sika deer. A 1.0 × 6.0 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 collagen 
sample (20.0 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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in fractions 30 to 43 as indicated by the number. A small 
amount of α2 chain was found in fractions 38 to 43. 
Judging from the electrophoretic pattern, it is suggested 
that pepsin-solubilized collagen from tendon of Yezo 
sika deer is a heterotrimer with a chain composition of 
(α1)2α2. The result was similar to that of collagen such as 
porcine, bovine, and chicken skin [18]. Nagai and co- 
researchers have been investigated the characteristics of 
collagen from aquatic organisms. They reported that the 
diversity existed in the subunit composition of collagen 
from these species: ocellate puffer fish skin [(α1)2α2] [5], 
fish bone [Japanese sea bass: (α1)2α2; horse mackerel: 
(α1)3; ayu: α1α2α3] [10], fish scale from sardine, red sea 
bream, and Japanese sea bass [(α1)2α2] [7], caudul fin 
from Japanese sea bass [(α1)3] [19], paper nautilus outer 
skin [11] and Callistoctopus arakawai arm α1α2α3 [6], 
cuttlefish [(α1)2α2] [4], diamondback squid (α1α2α3) [1], 
purple sea urchin test [(α1)2α2] [9], edible jellyfish exum- 
brella (α1α2α3) [2], and rhizostomous jellyfish meso-
gloea (α1α2α3α4) [3], respectively. 

3.5. Denaturation Temperature of Collagen from 
Tendon of Yezo Sika Deer 

The heat transformation of collagen is interpreted as dis- 
integration of triple helical structure of collagen into 
random coils. Among some measurements, viscosity 
measurement is most useful for learning about the loss of 
viscosity with heating, attributed to denaturation of col- 
lagen. The fractional changes with increasing tempera- 
ture in collagen samples were shown in Figure 4. The 
denaturation temperature of pepsin-solubilized collagen 
 

 

Figure 4. Thermal denaturation curve of pepsin-solubilized 
collagen from tendon of Yezo sika deer. The denaturation 
temperature was measured by viscosity in 0.1 M acetic acid. 
The incubation time at each temperature was 30 min. Col-
lagen concentration 0.03%; (●): porcine skin collagen; (о): 
pepsin-solubilized collagen from tendon of Yezo sika deer. 

from tendon of Yezo sika deer was calculated from the 
thermal denaturation curve. For comparison, denaturation 
temperature of porcine skin collagen was similarly mea- 
sured. It was calculated that denaturation temperature of 
pepsin-solubilized collagen from tendon of Yezo sika 
deer was about 35.4˚C (Figure 4). This value was just a 
little lower than that of porcine skin collagen (37.0˚C). In 
general, the denaturation temperature of collagen from 
land animals was higher that those of aquatic organisms: 
this is correlated with their environmental and body 
temperatures [20]. Nagai and co-researchers has been 
investigated the denaturation temperatures of collagens 
from aquatic organisms. These values were reported as 
follows: fish skin (28.0˚C) [5], fish scale (28.0˚C - 
28.5˚C) [7], caudul fin (28.0˚C) [19], octopus outer skin 
and arm (27.0˚C - 28.0˚C) [6,11], cuttlefish outer skin 
(27.0˚C - 27.5˚C) [4,14], purple sea urchin test (28.0˚C) 
[9], exumbrella and mesogloea from jellyfishes (26.0˚C - 
28.8˚C) [2,3], respectively. 

3.6. Amino Acid Composition of Collagen from 
Tendon of Yezo Sika Deer 

The amino acid composition, expressed as residues per 
1000 total residues, is shown in Table 1. As a result,  
 
Table 1. Amino acid composition of pepsin-solubilized col-
lagen from tendon of Yezo sika deer. 

Amino acid Residues/1000 

Hydroxyproline 93 

Hydroxylysine 10 

Aspartic acid 45 

Threonine 19 

Serine 31 

Glutamic acid 72 

Proline 125 

Glycine 332 

Alanine 115 

Valine 22 

Methionine 6 

Isoleucine 11 

Leucine 25 

Tyrosine 2 

Phenylalanine 13 

Lysine 24 

Histidine 4 

Arginine 51 

Total 1000 
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glycine having 332 residues was the most abundant ami-
no acid in collagen from tendon of Yezo sika deer, and 
followed by proline (125 residues), alanine (115 res- 
idues), hydroxyproline (93 residues), and glutamic acid 
(72 residues) in the order. On the other hand, tyrosine, his- 
tidine, methionine, hydroxylysine, isoleucine, and phenyl- 
alanine were very low about 2 - 13 residues. It was not 
detected tryptophan and cysteine at al in this collagen. 
The characteristic amino acid in collagen, imino acid, 
were also detected and were calculated to 218 residues 
(proline and hydroxyproline): the total contents of imino 
acid in collagen of aquatic organisms as follows: skin 
from ocellate puffer (17.0%) [5], scale from sardine, red 
sea bream, and Japanese sea bass (19.3% - 19.7%) [7], 
caudul fin from Japanese sea bass (19.3%) [19], arm 
from Callistoctopus arakawai (17.8%) [6], outer skin 
from cuttlefish (18.6% - 18.8%) [4,14], test from purple 
sea urchin (17.9%) [9], exumbrella from edible jellyfish 
(12.1%) [2], respectively. Moreover, other researchers 
also reported total contents of imino acid in collagen 
from fish skin: bigeye snapper (19.3%) [21], channel 
catfish (17.0%) [15], deep-sea redfish (16.0%) [16], grass 
carp (18.6%) [17], walleye pollack (18.4%) [22], respec- 
tively. That is, total contents of imino acid in pep- 
sin-solubilized collagen from tendon of Yezo sika deer 
were much higher than those from fishes and shellfishes. 
The higher imino acid content, the more stable are the 
helices of collagen. The result of the experiment gave 
good agreement with the tendency that had been obtained 
by the measurement of denaturation temperature. 

Next, it was calculated the degree of hydroxylation of 
proline residues in collagen samples. As a result, the de- 
gree in pepsin-solubilized collagen from tendon of Yezo 
sika deer was about 42.7%. On the other hand, the degree 
of hydroxylation of proline residues in collagen samples 
from aquatic organisms was reported as follows: skin 
from ocellate puffer (39.4%) [5], scales from sardine, red 
sea bream, and Japanese sea bass (43.7% - 44.4%) [7], 
caudual fin from Japanese sea bass (42.5%) [19], arm 
from Callistoctopus arakawai (51.7%) [6], outer skin 
from cuttlefish (47.8% - 47.9%) [4,14], test from purple 
sea urchin (48.0%) [9], and exumbrella from edible jelly- 
fish (32.8%) [2], respectively. Moreover, it was reported 
the degree of hydroxylation of proline residues in colla-
gen samples from skins of other fish species: bigeye 
snapper (39.9%) [21], channel catfish (42.9%) [15], 
deep-sea redfish (38.1%) [16], grass carp (34.9%) [17], 
and walleye Pollack (37.5%) [22], respectively. It sug- 
gests that the reason for the lower denaturation tempera- 
ture in collagen samples is that was the lower imino acid 
content rather than the extent of hydroxylation of imino 
acid, although it is known that the degree of hydroxyla- 
tion of proline influences the thermal stability of collagen: 
a higher degree of hydroxylation is associated with high- 

er denaturation temperature of collagen. 

3.7. ATR-FTIR Spectroscopy Analysis of 
Collagen from Yezo Sika Deer 

Figure 5 represents the ATR-FTIR spectrum of pep-
sin-solubilized collagen from tendon of Yezo sika deer.  

The result was similar spectrum pattern to those of 
collagens from other species [15,16,22,23]. The amide I 
band position was found at 1640 cm–1. In general, the 
amide I band with characteristic frequencies in the range 
of 1600 to 1700 cm–1 was mainly associated with the 
stretching vibrations of the carbonyl group along the po-
lypeptide backbone [24], and was sensitive marker of the 
peptide secondary structure [25]. The amide II and III 
bands were observed at 1541 and 1235 cm–1: it showed 
N-H bending vibrations and C-H stretching, respectively 
[24]. It is shown that the amide A band was associated 
with N-H stretching vibration and hydrogen bands pre-
sented in collagen. The amide A band position was found 
at 3306 cm–1. Doyle and others reported that a free N-H 
stretching vibration occurs in the range 3400 to 3440 
cm–1, and when the NH group of a peptide is involved in 
hydrogen bond, the position is shifted to lower frequen-
cies, usually 3300 cm–1 [26]. That is, more NH groups of 
collagen from tendon of Yezo sika deer were involved in 
hydrogen bond. The amide B band was found at 2964 
cm–1, which is related to asymmetrical stretch of CH2 

[23]. From these results it suggests that the existence of 
herical arrangements of pepsin-solubilized collagen from 
tendon of Yezo sika deer. 

Sarver and Krueger reported that the protein secondary 
structure was investigated using FTIR and the resultant 
spectra were analyzed as a data base [27]. As an applica- 
tion obtained from the literature, an IR protein secondary 
structure analysis program was developed by JASCO Co., 
Tokyo, Japan. As a result of analysis of the resultant 
spectra using this technique, the percentage of secondary 
 

 

Figure 5. Fourier transform infrared spectra of pepsin-sol- 
ubilized collagen from tendon of Yezo sika deer. 
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structural components such as α-helix, β-sheet, β-turn, 
and others (random coil structure) of pepsin-solubilized 
collagen from tendon of Yezo sika deer were calculated 
in the order: α-helix, 15%; β-sheet, 33%; β-turn, 22%; 
and others, 24%, respectively. The result was apparently 
different from those of porcine skin (α-helix, 9%; β-sheet, 
51%; β-turn, 13%; and others, 15%, respectively). That is, 
it suggests that the triple helical structure well held in 
pepsin-solubilized collagen from tendon of Yezo sika 
deer different from porcine skin collagen. 

4. Conclusions 

In this study, collagen was extracted and characterized 
from tendon of Yezo sika deer. The secondary structure 
of this collagen was different from those of porcine skin 
by ATR-FTIR analysis, although it was the same charac-
teristics, e.g. SDS-PAGE, subunit composition, thermal 
behavior, as porcine collagen. Since taking up a problem 
of BSE infection in land animals such as calf or bovine, 
collagen from aquatic materials has been used in various 
industries. However, the present study indicates that 
tendon from Yezo sika deer will have potential to be not 
associated with infection such as BSE, TSE, and FMD as 
an important collagen source for use in the foods, cos-
metics, and medical fields. 
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