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Extraction and physicochemical properties of
collagen from dorsal skin of yellowfin tuna

(Thunnus albacares)

Jin-Wook Woo

Department of Food Science and Technology, Graduate Schoal,
Pukyong National University

Abstract

Dorsal skin obtained from yellowfin tunaThunnus albacares)
processing was used for fish collagen. Extractioptinuzation of
collagen was investigated by using a central coitgosdesign of
response surface methodology.

NaOH concentrationX;, N), NaOH treatment timeX¢, hr), pepsin
concentration Xs, ratio) and hydrolysis timeXg, hrs) were chosen for
independent variables, and dependent variable vedlagen yield Y,
%). Optimal condition wasX; = 0.92 N (NaOH concentration); =
25.4 hr (NaOH treatment timeXs= 1:9.8 ratios (pepsin concentration)
and X4 = 23.5 hrs (hydrolysis time). The predicted valok collagen



yield in the optimal condition was 26.7%. Its exp@ntal value of
collagen yield was 27.1%.

In order to investigate chemical properties of thellowfin tuna
collagen, amino acid analysis, SDS-PAGE, fourieansform infrared
(FT-IR) spectroscopy, denaturation temperaturg), (€ircular dichroism
(CD) measurement, viscosity and solubility were ezkpented.

According to amino acid analysis, the yellowfin daumollagen had
20.5% imino acid. In the electrophoretic pattertise yellowfin tuna
collagen comprised of two differentt (a1l and a2) chains, 3
-component andy-component. The yellowfin tuna collagen showed the
lower contents of proline and hydroxyproline than aalf skin
collagen. But, the contents of glycine and lysinke yellowfin tuna
collagen were higher than those of the calf skidlagen. In the
measurements of FT-IR, the regions of amide B,I and III were
3427, 1651, 1544 and 1240 ¢mrespectively. The CD spectra of
yellowfin tuna collagen showed a rotatory maximuimn 221 nm and
minimum at 191 nm and a consistent cross over p(ato rotation)
at about 212 nm, which was characteristic of theler helical
conformation of the protein. Relative viscosity wasontinuously
decreased on heating up 32°C. The decreasing rate naetarded in
the temperature range of 32-50°C. The effects ofCINand pH
concentration on the collagen solubilities were sneed. Solubilities
of the yellowfin tuna collagen on NaCl concentratigl~6%) were

decreased from 1% to 4%, and then, were not chamgéot to 6%.



Solubilities of the yellowfin tuna collagen on pHhange (pH 2.0~9.0)
were high in the range of pH 2.0~4.0 then sharpdcrelased up to
pH 6.0 and then were not changed a lot up to pH Bénaturation
temperature (31°C) of collagen from dorsal skin ydllowfin tuna
was much lower than that (35°C) of such mammaliallagen as calf
skin collagen.

Physicochemical properties of the collagen of wefio tuna dorsal
skin were lower than those of mammalian collagend &igher than
those of other collagens from fish by-products. @ared with such
mammalian collagens as bovine and porcine collaggnshe risk of
BSE and foot/mouth disease, the collagen of yeilowduna dorsal
skins with disease-free is thought to be an excklleplacement for
the mammalian collagens with the additional adwgetathat raw
materials of yellowfin tuna dorsal skin are avdialin large quantities

from tuna food industries.
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(bovine spongiform encephalopathy, BSE}= F#1< (foot/mouth
diseasesy <A Ho] 4IAAHE 71X A (FDA reports, 1997).
2 3 gAY A B 2 VEY FH

g4 = 2 d3= 27 Muyonga et al. (2004% nile perch
(Lates niloticus)®] X]of 2 Aojo] AARRY ZdAS FE314
EAS vustyg o™, Yoshimura et al. (2000)¢} Nomura et al.
(2000)% great blue sharkPgionace glauca)e] A 22 o]&3sle] Fgt
AL FE8Ren 1 545 3ok Nagai & Suzuki (200GF
bullhead shark Heterodontus japonicus), Japanese sea-badsatolabrax
japonicus) 1¥] 22 chub mackerel Scomber japonicus)®] skin, bone
R finc =5y NS F=8t] I SAS vl 2 9
% squid (llex argentinus)e] 72 & (Kolodziejska et al., 1999), edible
jellyfish (Stomolophus meleagris) (Nagai et al., 1999), bigeye snapper
(Priacanthus tayenus)e] A 23 wWZ HEy 2k 7184 A9 F=

E Ao #3 AT (Kittiphattanabawon et al., 2005% =z} 4 o
g A77F B Ao

2x] (skipjack, yellowfin and bigeye) <17+ o] &2 3,400,000
MTo g wi¢ Hd35E7l & Aot F& 5
2 ol&HH, FHHLE o|&H= A AAALL oF Fol st
ojlth. goiFole dF AMIE o]&HY FEE FXH

s

r



|5, g ZFS skipjack FIE ©]¢] tunaF F HAE wWTh (2001
World Capture Production of FAO Fisheries Departthed t} &0 =
o] &3t & AEe FE2 Fuole YFALS vy e =E

= HFer 45 F s AHS 7K. B A= F
al

£

bacares)] T4 &S ol &3t FHAS F= o

o FAE 7hE FAES g FAES ol &g A F
Zo #3 A= oA &z wvrl glon, SAFE FUY =
glo] 7t AGEY AA Ho] AP o] fli, FHLAES oF

T}
B oA3es A4 F AANE dyol d&Hg. 94 FgPdols
H (RSM, Box & Wilson, 1951)

2 olgdtel HA 2% 2AL WAL Zolth RSME °]§& 7]

9l Ao 7 o]o #3F @S ®Wuyl 9t} (Cho et al., 2004; Cho et
al., 2005; Varnalis et al., 2004). RSM 98+ A2 S Sy
o) 279 Holo] WE =PAsee 45 &L BHAF ot
(Edwards & Jutan, 1997} S0 2 %3 Fg4A9 & 3stz &
Ae dolr gkt A EAS dotE 7] 3 ofm| =4kl #4,
SDS - polyacrylamide gel electrophoresis, fourieansform infrared
(FT-IR) spectroscopy, circular dichroism (CD) measoent, 4=, &
e aYy WALE (TYE 542 siieH, dA4 49 =44
FEUEE oY1 e SATE FHY calf skin =244 (Type

s
| collagen, Sigma Co# Hlul 3} %t}



f
g

As 2

(o

FHE BEaAFHMT. FE3 IS EAS dotrR7] 93
Sigma Ale] 4 & #8 ZA<Q calf skin Z2k4 (C-9791, EC
No 232-697-4, type | collagen from calf skin, Sigmad.S.A)S A&
st Wl sklem, 2 dAgtel AFEE EE A% analytical

gradeo] t}.

2 AUz B@Edn. Aol FAE FEAS niEdd dwgde
AA 2 22 BHAF 7] 98 58 (viw)e] 0.5, 0.7, 0.9 1.1%
1.3% X9 47249 (NaOH)e. 2 12~367 7 &< 6413 314
© 2 shaking incubator (HB-201SF, Hanbaek Scientific ,G¢orea)s
o] &3}e] 9°C, 200 rpne] Z7 o2 wwralgdch &zel (NaOH) A



g % NaOH A AE Hsl wrt7]E ol& 4 2 F3}E AT
F2 MR E, 98 du 208 (viw)e] HA (EC 3. 4. 23.1;
2080 U/mg protein, Sigma, USA) &+ 3 HCl (pH 2.0) €4S
o] &3} 1:6, 1:8, 1:10, 1:12% 1:14 (ratiosp] S == shaking
incubatorl 4] 9°C, 200 rpn®] 7o =2 12, 18, 24, 30,2 36 hrs

S wwkste] Tl AlZw A& VbR E v AR

BEE olgete FzAm AE Rdgd. F29L Nacl)
AEE 57} 5%7 ©A 20% NaCl &S o &3te] A4S 39t

dAX T AHLoA dzun 10H] (viw)Y Z=HFE o) 8319
10000xg2 3~43] A& E st T3 2 FAHE At dAE
& vl Alge A9 guds 9] 98§

Aol ol &3kt (Fig. 1).
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< AF T F & AFE 5 o= At Hydroxyproline g
Fe 1SO (1978p] W 9 483t AFsiAd. dxd =
71 (100 mg)s test tubell 231 6

¥3k 5 dry bathel A 1247 &
sample €4S 6 N 5% NaOHE o]&3led =331 2 mLe
acetate/citrate buffef 37 0.3 M =9 NaCl &4z 25 mL &
L35 ¥ . A A E test tubel isopropanol (300 uld} oxidant solution
(600 uL)e H7lstm Ao 4 AT 483 WA &
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Washing & chopping

4 W
. With NaOH solution in a shaking
Alkali treatment ]I‘ _ incubator at 200 rpm and 10C

)
Neutralization ]|‘ 3 times washing with water

. i With pepsin solution in shaking |
Enzyme hydrolysis ]I‘ _ incubator at 200 rpm, 1GC |
4 )
Filtration ]l‘ Using a mesh
- f Using NaCl to 5% final |
Salting out ]" i concentration )

Centrifugation ]l‘ 3~4 times at 90&g for 1 hr

Freeze drying ]|‘ At -50°C for 3 days

Fig. 1. Collagen processing from dorsal skin of ykwfin tuna
(Thunnus albacares).



60°Ce] water batllA 7tgstdth. &4 FIFE== EFFEA
(UV-140-02, Shimadzu, Japas) ©]§-3l4 660 nnelA =433
Hydroxyproline 3$t#&  sigma AlZ 5 T3} P R =
hydroxyprolines- ©] &3t A3 HFHS ol &3t Asdt

(Fig. 2).

FE=x2ds AAgEr] ddl sAFEA Y (central composite
design (CCD), Box & Wilson, 195%) 93] A& F3+& AAHSA
o (Table. 1), 8F33E™ 3| AEAS 9lsll SAS (statistical analysis
system 8.01) prografh Al&3tth 4279 =HHF7 AAHY
o, Ztzte]l EYPWHSE e HAAE Aol 43 "Ale] H
ATk F 27770 AFo] F§Rew (Chang et al, 2002; Cho et
al., 2005), 2% design -4 16 7l ¢} factorial points, 8§ <] axial
points @ = 2) @3l FAEe 3H REEOS=Z o] fo] A3l
(Table 2). 28t F=342 F MY T8 4= YUs F
Jed, 3 7HAE €28 (NaOH) Hgola g suve A
o] &3 A4 Tt Edolth wEtM EYPWHTEZ = NaOHY &= (N,
X1), NaOH A 2] A1zt (hrs, X), 419 X (ratios, X3)9F Al A
A1ZE (hrs, X))o 2 Astow, zZ+z+e] rangest levels & 2] (1)9]
met 570 e g =24 st YEh QL

fr
o
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30

o5 | Y=8576-0.074
20} R?=0.989

15t
10}

5 L

Hydroxyproline (ug/mL)

O 1 1 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Absorbance at 558 nm

Fig. 2. Calibration curve for the detemmination of hydroxyproline
content

- 11 -



Table 1. Experimental range and values of the indgmdent varables in

the central composite design for collagen procesginfrom yellowfin tuna
skin (Thunnus albacares)

Range and levels

Independent variables Symbet
-2 -1 0 1 2
NaOH concentration (N) X1 05 07 09 11 13
Treatment time (hrs) X2 12 18 24 30 36
Enzyme concentration (ratio) X3 1.6 1.8 1:10 1:12 1:14
Hydrolysis time (hrs) Xa 12 18 24 30 36

- 12 -



Table 2. Central composite design and responses diie dependen
variables for collagen processing from dorsal skinof yellowfin tuna
(Thunnus albacares) to the independent variables

Run Coded levels of variable Response
No. X1 Xz X3 Xa Yield (Y) Purity (%)
1 -1 -1 -1 -1 17.4 82.3
2 -1 -1 -1 +1 17.2 81.7
3 -1 -1 +1 -1 16.7 82.2
4 -1 -1 +1 +1 16.1 81.5
5 -1 +1 -1 -1 18.6 82.4
6 -1 +1 -1 +1 18.9 81.9
7 -1 +1 +1 -1 17.3 81.4
8 -1 +1 +1 +1 16.2 82.3
9 +1 -1 -1 -1 19.6 83.1
10 +1 -1 -1 +1 19.8 82.0
11 +1 -1 +1 -1 19.3 84.5
12 +1 -1 +1 +1 17.5 80.2
13 +1 +1 -1 -1 19.4 83.0
14 +1 +1 -1 +1 19.5 81.8
15 +1 +1 +1 -1 18.7 83.2
16 +1  +1  +1 +1 17.5 81.5
17 -2 0 0 0 18.1 82.7
18 +2 0 0 17.9 83.1
19 0 -2 0 0 17.6 83.2
20 0 +2 0 0 16.4 81.5
21 0 0o -2 0 17.5 81.3
22 0 0 +2 0 17.6 82.5
23 0 0 0o -2 20.0 81.5
24 0 0 0 +2 18.4 82.1
25 0 0 0 0 26.7 82.0
26 0 0 0 0 26.5 81.9
27 0 0 0 0 26.8 82.5

_13_



&
A (Y, %)= At (Table 2). 53] @G 1§
A= duadde AxE Eg2 ARG (Table 1).

SAS system (Version 8.01, SAS Institute Ing.,) RSREG
procedur& ©]&3to] RESEHEAS 3 2} E vlg o= 95%9]
94 FFdA] AR g3 H Zd2 (response surface model)

& o

+Z/3X +Zﬂ..>< 3 Y AXX, @

i=l  j=i+l

A7IA Yo TESHTFE FHAY & (W)= UEE AN, Bo
<7, Bi, Bi, By regression coefficients12]al X, X & SHHS 9]
levels Y el Aoltl. Response surface pléts Maple software
(Maple 7. Waterloo Maple Inc., Cana@)ol%é}cﬂ Y ag=z=

Jeugen, T Sxusse 9gHe Y got 1
Zol UEHUA 9L 92 T Eyuse g HA¥zHow
stk

2.4 obv) 3t A

Zehd A8 5 mge #Hd 6 N w59 HCIE 3 mLE 7}

- 14 -



g 5 110°Ce] dry battll M 24747 S ZheEsiE skt 23l
HZ glass filtes o] &3t Y s F 5, Y A=

pH 2.2°] citrate phospha@ ©]&3} 10 mL2 & stgoeH,
Aol AEE Fsto olw|=AiF AFEA 7] (S433, Sykam  co,

Germanyg °]&3t &4kt

2.5 SDS - polyacrylamide gel electrophoresis (SD®RBE)

71952 Mini-Protean 3 (Bio-Rad Laboratories, Hercules, €A)
AFE-3Sle]l Laemmli (19709 Wl 9l3)] s)stsith. Polyacrylamide
gel> 4% stacking gelt 5% resolving gef Al-83l%th. Sample &

E ZF4% o83t 5 mgmlz WE1, 10% SDE 353

k

0.5 M Tris-HCI buffer (pH 6.8), 5% 2-mercaptoethena0% glycerol
¥} 0.1% bromophenol bligd &3tA171 5 90°CollA 5&3+ 7143
. 71E 3 sample 89S Ao FUsta 25 mA/gek] AF=E A
7N14ES o A7IEEo] €Y geld] A 0.25%  (whv)
coomassie brilliant blue R250 st o, $4%5E §8< calf skin
=24 (Type | collageng marker proteie. 2 A}-83Fo] vl L5}

.

2.6 Fourier transform infrared (FT-IR) spectroscopy

FT-IR spectrophotometer (Brooker IFS 88, Germ&hyy|-& 3} <
5005 E] 4000 cm'7tA] 2 cm'e] data acquisition rafe 2t}sof
SHAZRYH F23 A S4F=< calf skin 22HA9 54

S golE Y. Curve fittinge peakfit software (SPSS Inc., Chicago,

_15_



IL, USA)E o] &3t Yehl

i
k)
2,
oo
:?é
kit
fr
-13
™)

& o]z Montero et al. (1991)°] W
.5 M acetic acid&o ZAS =o tdsk pH 9
NaCl % Z7d3lolA A3t ZF% %= 3, 6 mg/mLE 05 M
id-g-¢

FEEd wE FA &MEE FAHSH7] 913k, 0.5 M acetic
acid £ g4 6 mg/mL =22 =< ZF24a &9 5 mL ¢
acetic acid] NaCls- 0%, 1%, 2%, 3%, 4%, 5%Z 6% (w/v) <
TEE = &9 5 mLEs £ddtod HF dsE=E (0%, 1%, 2%,
3%, 4%, 5%, 6% (WN)ZE 3%t £dAS 4°Col A 3057
3] wwHkelal 10000xg o] Ao 2 4°Col A 30E7F AR 3
Gl 2 e = Lowry et al. (1951)¢] W d] ule}

ﬂd
X

32
O
o
ol
2
1o
au)

24391 EFEZZ bovine serum albumin (BSA) A}-&3

o}
Qrrw 2o AR AUE g A Be AR

°of Z74A & 8 mLE dA#d & ¥ 6 M NaOH =
{3 pH 2004 9712 =4 Als &Q9 F
e SHTE AHES 10 mL 2 F &3kt A8

oA 3027+ AA3s] wrksa 10000xg o] £ o

M oo
5
(@)
=2
R
W
o
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ZH AAEEY ST S5 A 9@ d T+ Lowry et al. (1951)
o] "Wl uwat =AY EFEZZ bovine serum albumin

(BSA)S A3tk 2o S $=E QoA AFH P

2.8 Circular dichrism (CD)e] =A

CD spectr& JASCO model 725 spectrome®er o] &3t =43}
Attt Sample 0.04 § HCl (pH 3)& 9] =< % path length 1
mme] quartz celll FU3AT. CD spectras4 2 250-190 nn¥
gl 1 nmAaez &4 £xE 50 nm/ming 3%t} Data=

3 ZAx mgtow, calf skin Z2}l& o] &3t Hlwsto] e

Lo

Az 9 =4 & Kittiphattanabawon et al. (2008) #H S 2F7F 4
st =439 0.1 M acetic acidg-o] Zzt#AS 0.03% 5%
2 59 500 mLE wrEY. &= =532 Brookfield Synchorolectic
viscometer (Model I+, Brookfield Eng Labs Inc., o8ghton, MA,
U.S.AE o] &3l spindle No. & ©]&3ta] 100 rpne] Z7d A

2R Hen, =4 &5 HYE 15-50°C]1 15 °C/mine] &&=
2 Waks Tt $Adew Fehd &9 15°CAA 3083
A H AFES sion, 4Fe 3 RESS ZAHI AdHE

v}

o] &3tAth Al Ax= AE 15°CAAM 54 3} H:

i
ox
2
X

- 17 -
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H A== Kimura et al. (1988)]

31

S

o] =42 0.1 M9 acetic acid] 0.03% F= =

I

o] &

o] Ostwald-Fenske? = Al &

=
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43 2 nz

w

123 F29 TAF A4

BT 2009 FirelM Aol ds How, ZA4ze it &

TEHST (Y, %)S Table 2| Yetidoh. 43 23 dolzl datas
SAS software] RSREG proceduf@ o]&3le] WS gwHE A 3 4

HE uRe 2 AFPS 2x v RdAS FET. 1
(X1, X2, Xa, Xa), 23}8F (Xa1, Xoz, Xaz, Xag) 133 2L
oAUE EE AFIY FoAS tstatistic e mde =
A4S Table 3 Yel . Linear coefficieng] X, (P=0.9813p}
X3 (P=0.0971} P>0.052 fro]4d<S Yetllz] X wkdd, X, (P
=0.0111), X» (P=0.0226)= P<0.05%] FFolA FoAHS YEN.
RE 22132 P<0.019] =& leveldl A 4o UeEbE wide], &
WA P>0.052 #o4S yYeEWA XA v =
S 95% FFEANA Fodo] JAAFHA &L g FAE A3t
Table 41 el A

FepAe] EPuse] Z2AASF (R)e 096212 yegon,
P=0.00012 UEelytth. =& AFGASF 2 F8°] et AL o
HAES S5 AR 2 HYE A7) 9EY Aoz ARG,
Analysis of variance (ANOVAJ &4ol 93] 2z thg =g 2 9
A FY4E Hriedn. TEHT B E ANOVA 4S5 &
3 Y (yield, %) ¥¢ maS FEHse] Table ) e AT
ANOVA 9] Az w3t (P=0.5927)% A 93+ 1213} (X, Xz, Xa, Xa,
P=0.0155), Z}& (X1, X2z, Xas, Xus P<0.0001)> 95% ©]7<]

it
b
2
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Table 3. Estimated coefficients of the fitted quadtic polynomial
equation for the response ofY (yield, %) based on t-statistic

Parameter Standard

Parameter estimate ertor T-value P-value
Intercept 26.6667 0.4911 54.29 <.0001
X1 0.5208 0.1736 3.00 0.0111
X2 0.0042 0.1736 0.02 0.9813
X3 —-0.4542 0.1736 -2.62 0.0226
X4 -0.3125 0.1736 -1.80 0.0971
X X1 —-2.1385 0.1842 -11.61 <.0001
X X2 -0.2938 0.2127 -1.38 0.1924
XoXo —-2.3885 0.1842 -12.97 <.0001
X1 X3 0.0312 0.2127 0.15 0.8856
X3X2 -0.1438 0.2127 -0.68 0.5119
XsX3 -2.2510 0.1842 -12.22 <.0001
XaX1 -0.068 0.2127 -0.32 0.7521
XaX2 0.0319 0.2127 0.15 0.8856
XaXq -0.3188 0.2127 -1.50 0.1598
XaXq -1.8385 0.1842 -9.98 <.0001

X1 (concentration of NaOH, N)X; (treatment time, hrs),
X3 (concentration of enzyme, ratiosfs (treatment time, hrs).

_20_



Table 4. Response surface model for processing cdimhs of
collagen from dorsal skin of yellowfin tuna Thunnus albacares)

Responses Quadratic polynomial model R P-value

Yellowfin  Y=26.667+0.52X;-0.454X3—-2.13%,”

; ) ; 0.9621 0.0001
tuna ~2.38%,2-2.251X:>~1.83%K;

- 21 -



Table 5. Analysis of varnance (ANOVA) for responseof the dependen
vaiiable (Y, yield (%))

Sources DF SS MS F-value P-value
Regression

Linear 4 13.81 3.45 4.77 0.0155

Quadratic 4 203.25 50.81 70.21 <0.0001

Cross-product 6 3.44 0.57 0.79 0.5927

Model 14 220.49 15.74 21.76 <0.0001
Residual

Lack of fit 10 8.64 0.86 37.02 0.02

Pure error 2 0.05 0.02 - -

Total error 12 8.68 0.72 - -
Total 26 229.17 8.81 - -
Factors

X1 5 105.55 21.11 29.17 0.0001

X2 5 123.44 24.69 34.11 0.0001

X3 5 115.02 23.00 31.79 0.0001

X4 5 76.17 15.23 21.05 0.0001

DF (degrees of freedom), SS (sum of square), MSafmsguare).
X1 (concentration of NaOH, N)X; (treatment time, hrs),
X3 (concentration of enzyme, ratiosfs (treatment time, hrs).

- 22 -



o] A GolAlo] AU 2]l AL P<0.01E 99% 2
o FEAA oAl YEloH, lack of fit] ARz E&HS

(& 95%e] o FEold maae feldol Uehuth (Table

b
o

guge s42 S99 HH FExdE5 97 98 T4
g4 AW (CCD, Box, & Wilson, 19519 oj3] =4zt A3st4
t}. NaOHY %= (0.9 N, X1), A2 A1zt (24 hrs, X)), &
= (1:10 ratios, Xs), 212 A7+ (24 hrs, X4) el ZRdHSFZE e

1). ¥k& 3%

slH, eigenvalueg=°] EF 72X BAHCE HIANE g
WAt FoFolE o] &3 Fga FF A HH =10 4 Y
code #2 X; = 0.12,X; = 0, X3 = -0.09 18]31 X4, = -0.082 4}
ElWth = NaOH A2 Al % (X) 0.92 N, A2 A2k (Xo) 24 hrs,
a4 A" Al FE (X) = 1:9.8 ratios7}E3] AZF (X)) 23.5
hrs 9 o & 488 Holx Aoz eyt (Table 6). 88 I
HOEA A 9o A FEIAAS AT AdEHe S
& (Y, yield (%)= 26.7%= uYetxtew, 24 F& 3 2y
27.1%=2 AFA Bo 0.4% =A Ugtoy & zolg HolA ¥t
t} (Table 6).
Fig. 32 SHWHT Xy, X, Xs, Xa) 74 &S (el vlA= 9
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Table 6. Optimal conditions of collagen processingrom dorsal skin of
yellowfin tuna (Thunnus albacares)

Dependentindependen  Critical value predicted  Stationary
variables variables  gged uncoded Vvalue point
X1 0.12 0.92
X2 0 24
Y 26.7 Maximum
X3 -0.09 1:9.8
X4 -0.08 23.5

X1 (concentration of NaOH, N), »X(treatment time, hrs),
X3 (concentration of enzyme, ratios), Xtreatment time, hrs).
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ot

S Maple software (Maple 7. Waterloo Maple Inc., Can& ©] &

skl 32t Rz yedd. 22k FE 340 $83%

AAZG. b g7 A A= NaOHe 5% (Xi, N), # 2 A]
F (Xo, hrs)es =9 ®HFZE A orm, a4 Ay Aloe &49
T% (X3 ratiosp} A AIZE (Xe, hrs)e =% WHSE 399, 19

2 dbedd azes d2e AP s AP Az aga 8

o, 419 factor = X; (NaOHY =%, N)o] 71% & o3d
S HAE AeZ YEHt X3 (BAY %, ratios) =3 B

Fe A= AeE YEntoy coded gol 0914 -2 A &

33249 oluxa A
Fodol A calf skin ZzHAlo] ofv=t J7e) FFS
1aste] Table ®] YeEl AT ==z A

%
54 F HU2 99 0@ FPYS 5 5 Aok S ofnx

19
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Fig. 3. Response surface plots for optimization oftollagen extraction

from dorsal skin of yellowfin tuna (Thunnus albacares).
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Table 7. Amino acid composition of collagens from eflowfin tuna

(Thunnus albacares) skin and calf skin

(%0

Amino acids
Yellowfin tuna Calf skin
Hydroxyproline 8.0 9.9
Aspartic acid 6.9 6.8
Threonine 3.5 2.0
Serine 4.1 3.5
Glutamic acid 11.3 10.9
Proline 12.5 11.7
Glycine 25.1 24.1
Alanine 9.2 7.8
Valine 2.4 2.8
Isoleucine 1.1 1.7
Leucine 2.7 3.3
Tyrosine 0 0.6
Phenylalanine 15 2.4
Histidine 0.8 11
Lysine 3.2 4.0
Arginine 7.6 7.3
Cystein 0.1 1.0
Imino acidd’ 20.5 21.6
Total 100.0 100.0

Ymino acids mean proline and hydroxyproline.
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2 FAL Gly-Y-X #jgo] drEE o glom, o] triple helicals:
o] F1 =4, Gly-X-Y7} Gly-Pro-Hyp @} hydroxylproline #7]+=
pyrroliding ring®] hydroxyl groupi ¢l3] Zz}4 triple helix?] &
A4S =49 =Y (Johnston-Banks, 1990%:-3+ hydroxyproline?]
Fe Ao ERY #fiEHe Agde F83 VedH 5
rheological propertied A= 5o FQ3 QS n ),

ESFE 2 5SS 7IRY 2 ¥y (Gilsenan & Ross-Murphy,

oX
o o 2

rlo

e
ofy
2

2000; G6mez-Guillén et al., 2002} 2+4 proline, hydroxyprolinezt
718 FFE A oM we FaF Aozt & U
Calf skin} &tiro] Z2halel glycine 3t7]= &2 Zh7h 24.1%,
25.1%= 7}% =4 yElstth. Hydroxyproline &2 calf skin =g}
Al BF 9.9%=2 yvEytew, duwo] 8o A5 8.0%
2 calf skine] =2 &S Yl o, Proline 7]+ calf skin &
A ool Fgkdoe] ZHzh 11.7%4 12.5%2 tigo] FgA
o] ol =5 =A dEEd. Calf skt ool ZehAl e
imino acids (hydroxyproline and proling) 3= Z+7zF 21.6%,
205% 2 §45E i S84 2o 9A vey & F A E
e A3 2o AFS yeER Y (Jongjareonrak et al., 2005;
Ikoma et al., 2003).

34 FgA AT 54

SDS-PAGES &F3 & d7oA F=3 I ==a B)#
calf skin Z2t4 (A)e] A7]9% patterns Fig. 40 ¥ w3sle] Yel
Wittt Calf skine. 228 F=3 F8tAL F749 a chain @1 =

-



&,

A B

Fig. 4. SDS-PAGE pattems of collagen from yellowfi tuna (Thunnus

albacares) and calf skin.

The 5.0 mg/mL of sample solution, 4% stacking gat &%
resolving gel were used for electrophoretic analystalf skin
type | collagen was used as mobility makers sthains, 3
and y-components. A, type | collagen from calf skin; B,
collagen from dorsal skin of vyellowfin tuna Thunnus
albacares).
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a2, 2:1°] uj&)¥ B-component, y-componeniZ TFAE o Ut}
(Giraud-guelled et al., 20002 AFo|A FZ3+ r)zgo il
A Al marker protei.E o]& ¥ calf skin E&t4A3 2o &
F709] a chain @ 1% o 2)3 (B-, y- components} UELT. T E
T4 7y FAE S o8t FE3I FHHAY H7|ET patterns
A HH, mackerelZ& A2 sty a bands Ao, bullhead
shark 2 Japanese sea-bass 5 7l¢] a bands dA 3 Sy a band
7} slvlstA yYEly o™ (Nagai & Suzuki, 2000), Muyonga et al.
(2004ap] ATANA e FoEojet mz7tAE a chain @ 17 a 2)
I} -, y- components Ho|7|= 3} .

=
=
o

f

3.5 Z g4 9 fouiertransform infrared spectroscopy &4 3f A
Foido] A calf skin 2279 FT-IR spectr& Fig. 5
o UetW Attt Spectrum oA yERG amide A, I, I 2 M9
regions= polypeptide] o} AH Aoz Aol Urt. Amide A
band (3400 ~ 3440 c)= N-H stretching vibratiom} & o] 9l
Amide I band (1600 ~ 1660 cr)= peptided] carbonyl group<]
stretching vibrationgt ¥ o] glom, Aol 23 FLXZ doln
Ed b §838H4 ol g¢] Hth Amide A (~1550 cn)E NH
bending 2} CN stretching} ##eo] ¢lomw, amide I (1320~1220
cm )E CN stretching} NHell 9a)lA Jelus, Ze49 triple
helical +x¢} ##o] ¢lt} (Muyonga et al., 2004b; Jakobsen et al.,
1983). Muyonga et al. (2004%) Ao w= X]o] nile perche]
A7- ZgAel A9 zZ+ze] amide region (A, 1, I % M) 3434,
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Fig. 5. Fourer transform infrared spectra of collegen from

yellowfin tuna (Thunnus albacares) skin and calf skin.
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Table 8. FT-IR spectra peak positions and assignmen for collagens
from yellowfin tuna (Thunnus albacares) skin and calf skin

Peak wavenumber (c)

Region Assignment
Calf skin  Tuna skin
Amide Il 1240 1238 NH bend
- 1453 1457 CH bend
Amide 1l 1551 1555 NH bend coupled withCN
stretch
Amide I 1660 1651 C=0 stretch/hydrogenbonding
coupled with COO
NH 3333 3427 NH stretch, coupled with

hydrogen bonding
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1650, 1542} 1235 cm'd Wl peak’} YEFo ™, Aol nile perch
AA ZetA 9 amide regionz}z 3458, 1654, 1558 1238 cm'ol
A Z7he] peaklt UERRTH B Aol A calf skingt FoiEge] F
g amide A, I, O 2 1< region> 2zz+ 3333 cm',
3427cm' (amide A), 1660 cni, 1651 cm' (amide I), 1551 cm’,
1555 cm' (amide ) 2231 1240 cm', 1238 cm' (amide )&
Bl 523 9bgol A peake YERA AT (Table 8).

36 FgA9 &=

Sodium chloride] = %9 2

acetic acid8 & o] &3t =43} Lo wet Fig. 60
et At ool F8ta9 &3l== NaCl =71 4% (wivpl

o2 7AA M3 AR, 4% (W) olde srdAs &
e Wst7h Ao UetuA Fidn. g8 oFo w2 RE FUT 2
g NaCl 35 WE &35 WS A3 KW, Jongjareonrac et
al. (2005y} brownstripe red snapperi-® F=3F A 7pgA Z
gl (PSCy b 7184 Z2HA (ASC)e ol&3ste] A3kt
PSCe] &332 NaCll 3% (wWh) Sxolx FA3] 7+aste] 4%

o3
™, ASCe A-F 2% (wWivpelA &sli=7t zH4ast7] A2 sk 3%
(wiv)old o4 W A9 wW3slyt JebuA ¢tk Montero et al.
(1991)> acetic acid T4 Folet HEFA HAHY LA=e
NaCl =7 S71gtel wet a3t Bausiqic. o83 s

T 9o NaCl =049 Z2a &3l= A+ salting-out@de] 4



o o
» oo
T T

Relative solubility
o
S

0.2

00 1 1 1 1 1

NaCl concentration (%, w/v)
Fig. 6. Solubility in 0.5 M acetic acid on NaClconcentrations
of the collagen obtained from dorsal skin ofyellowfin

tuna (Thunnus albacares)
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(Damodaran, 1996; Vojdani, 1996).
e Gl =d gk pHY IS Fig. 7 YEtl At 0.5 M

acetic acidg Ao Ao a4 L= pH 40 oS wWh71A] A A

e
filo
(o
o
N
>
N
TUN)

3] graste Aol #AHUG. pH 4 o] Fe] HUAM Eall=rt F4
3 ftadste A9E BY3 pH 514 A= Sa=7F doFe

o gRge SAHY FoloA 7

2] 11 Foegeding
et al. (1996 Aol w2 FAe - M= pH 6-RI
Ao g yYeEsth. Jongjareonrak et al. (2005) brownstipe red
snapper ski®. 228 ASCe} PSC FgA& F=st9t. o5 F

Z57o 2 pHol B fa® 24 AT 25 pH A 7}
4 ge gAEE Jeudd. oo 5247 2da o4

Jongjareonrak et al. (2008) Zo] HAL o) &3 ZFAL F
9oy, $=E pH 63w 71 @A Jed 23 o2 Asgs
HAY. §3lze & t& Z3E B, Kittiphattanabawon et al.
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0.8

0.6

Relative solubility
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pH
Fig. 7. Solubility in 0.5 M acetic acid on pH of te collager
solution (0.3%) of dorsal skin of yellowfin tuna Thunnus

albacarex)
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(2005)% bigeye snapper skii bonec. 2 ¥ F&3F ZgAS ol &
st pH 1-100] WA S5 &l SAHS AT 54
A3 747} pH 29} 5o A 71 =2 &S BEIow, pH/E 5o
A 6o E dolZtiA &l=rt 5438 A 242 pH 7% 8
ANM Hi=z e GEE BHJa I ofdMe HuHeRE &
kA vety 2 A2 ek Hisd AEF e YEA

3.7 ZA 9] circular dichroism 3l 4

gl ZEA calf skin 22212 CD spectr& Fig. 81 4
Bk FgAae 221 nnel 191 nnelA bzt Ha e H A9
peakes YEl ™, 212 nnellA] over point (zerokx YElITH o]&
g o] 33 Fxo #I geF= Aotk (koma et al, 2003).
Ikoma et al. (2003} Pagrus major, Oreochromis niloticas 2} porcine
dermiss 38 FZ3 ZgaAL olgsle 2xugdEz =43 CD
spect@& HIw3FT H (221 nmpt H A (191 nm) peak] =}o]
Eas HIoH, ofF fHY ARG

o) ZetAe CD spectral & Ao 2 Yelygt. B

Aol A vl calf skid dosto] 24 9A] 221 nmel 191
nmell A 22k 3ok H A9 pealke eI oH, calf skin &2}z o]
FoFdolBiog Zol7k F Ao®E yeut (Fig. 8). ol ¥MALE
A3t FARE 235 UEkd Zlolt

J[N'

38 ZHAY A=
24 0.03% (wiv) 5=E 0.1M FX=2 acetic acidg o =
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Fig. 8. Circular dichroism for collagen from yelbwfin tuna

(Thunnus albacares) skin and calf skin.
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fdol AEE= 32°C o] 27)
B 2le i, 33-50°C] el
18 dAYAAM=
FeHAY T2 TAM g2 23] /XY (Wong, 1989). < A 2] ol
ne Zgd Tz WwAe YEwste Bde] dtk (Nagai et al,
1999; Nagai & Suzuki, 2000; Nagai & Suzuki, 2002).
Kittiphattanabawon et al. (2008) X 310 w =T, bigeye snapper
o] boned} skinc.2XE ZFgAL FZ39th. Bigeye snapped

bone?t skin 2171 &4 HE= 30°C o|2717HA LA 2
o

At o, 35-50°C] R HolA FALES HolAls AR UEw
o oole oo 44 A9 Hx wsEF W ATFS

39 FgA 9 UL
dogol SA-A A calf skin 2849 HAALE (TS =

How & &
o] #oJ3sl+= imino acid (proline and hydroxyproline¥ &3 = 212
#do] Aok oA ofF fdl SHAY WHAZEE dotE™ chum
salmon (19.4°C), saury (23.0°C), common mackeré.9Z), bullhead
shark (25°C), Japanese seabass (30°G}) 11 skipjack (29.7°CE
Bl t} (Nagai & Suzuki, 2000, Kimura et al., 1988t} o] =&}
Aol MALEE 31°CE Uewth. Kimura et al., (1988 H a9
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Fig. 9. Relative viscosity at different temperature of the collager
solution of yellowfin tuna (Thunnus albacares) skin.
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Fig. 10. Themal denaturation curves detemined by measuring
the viscosities of vyellowfin tuna skin and calf skin
collagen solutions in 0.1 M acetic acid.

The incubation time at each temperature was het
collagen concentrationwas 0.06%
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wzd, calf skire]l MAL=E 35°CE 4°C 7}% A vebydh
ol FrhFolsl calf skin ZepAel ofulma BA A Uy
imino acide] &% (20.5%, 21.6%) w®l#HF}= ZAES HYPow,
circular dichroism (CD) analys$$ =4 239 x T2

_IC_)r
= e oAdY AutHow ofF i Zekde WALx

= $4%52 fo FehAug WA gehdoh w9, o 2
Bae) ML

= F4Fe Tl MAdLE (35°C) Hy uhe
S

sy
2 vewtth (Nagai & Suzuki, 2002).

P2
o
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Jo. A FEHL e =
E fFae AAoly molA {2 ® Aot 3}
A FEoly FAIFY JAA Aol AEA

A ol ol
2 X3 gl Al FRE AR ARE BE Ao AF
3 Aol

Wehs B ATME FAR HE BAEQ Fuge] 544

composite desige ©]&3te] A3 desigr: stP o, WIS HE
2 (response surface methodology) ©] &3l F& HAHXHS
Ut =3 FgAY SAS gotrE 7] Al ofm=gl &4, A7
&, fourier transform infrared (FT-IR) spectroscopy,’d =% (Tq)
circular dichroism (CD) measuremen 884 18|31 83]%

S o, SH4FE 3 ZAA calf skin f23 ZekA g H]

SRS

b

1. dtdo] AR ZaAe =& 2AMA NaOH A8 2 &
A7t 7hd F83 sA-HoH. mEA, THHTEZ = NaOHY| &
(X1, N), NaOH * &l A]7F (X, hrs), &4 &% (X ratio), 4 A7
AIZE (X, hrS)Ol AR, FEUFEE FEA FF (Y, )
Z Ay, F&F HY 21 X1 = 092 (N), X2 = 24 (hrs), X5 =

H
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1:9.8 (ratios),Xs = 23.5 (hrsg YEelgth. F5 HZF @A %
He FgAdEe 26.7%2 vEgon, A Zeta
o 2719 2 Aol HolX I

2. ofv]= it B4 A3} calf skingt Ftidoe] ZEkA<] imino acids
(hydrolxyproline and proling] 332 Z+z} 21.6%, 20.5% 4%
= i A Eo 9A yeigtey, glycined d & 72

24.1%, 23.1%. 2 Frigrolsl w7 vhehy

kv

3. gopdo] gl 719 F patterre calf skind 22 olF%
A9 F 2709 a (a1l 3 a2) chaing} B-component1¥ il y

-componen& 774 = o] U

i

4. FT-IR &4 Al 3dgzo] AAH calf skin 22419 amide A,
[, I 9 10 regions= 77 3427 cm', 3333 cm' (amide A), 1651
cm ', 1660 cm' (amide I), 1555 cm', 1551 cm' (amide 1) 12
3 1238 cm', 1240 cm' (amide M)oll Al Y e} B3 AL U
BRI 2

i
ol

5. 95 %o e Zede &3+ NaCl =7 4% (W) &

o o]2717tA FZrAstF oW 1 o]ite] HWA &= Wt
79 fie Ao YeEY. pHl & =2l &sl== pH 2-4
A5 Yeliem, pH 4-6 A &

T ol e pHolME f3l=rt Ao w v
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st SHA yEbs

6. Circular dichroism (CD)&4 & 3lo] @& 3z F+xo 3
s olmstth. Friwtol AW FeAw calf skin Zetae =3
2w 221 nme} 191 vl A 247 Hask HA 9 rotatoryg UEFA
om, calf skin Zetalo] Frrdo] neh Aok 2 Aoz Yehy
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