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Processing Optimization and Physicochemical
Characteristics of Collagen from Scale of

Yellowfin Tuna (Thunnus albacares)

Yu-Na Han

Department of Food Science and Technology, Graduate School,

Pukyong National University

Abstract

Scales of vyellowfin tuna (Thunnus albacares) was studied to
investigate the optimum condition of collagen extraction by using
surface response methodology. The four independent variables of
concentration and treatment time for both alkali and enzyme treatments
were used to predict a model equation for the collagen yield. The
determinant coefficient (R* for the equation was 0.9056. The values of
the independent variables for the maximum yield was 0.32 N NaOH
concentration, 16.38hrs alkali treatment time, 0.18% enzyme
concentration, and 31.02hrs enzyme treatment time. In the

physicochemical properties of tuna scale collagen, SDS-polyacrylamide



gel electrophoresis of tuna scale collagen showed the same migration
distances as that of calf skin collagen. The amide A, I, IO and I
regions of tuna scale collagen in FT-IR measurement was shown in
the peaks of 3414 cm', 1645 cm', 1553 cm ' and 1247 cm ',
respectively. The amount of imino acids for tuna scale collagen was
1897% and the collagen denaturation temperature was 33C. The
collagen solubility on NaCl concentration was decreased until 4% NaCl
(w/v) and the collagen solubility on pH was high at pH 2-4 and
sharply decreased from pH 4 to pH 7. Viscosity of the collagen solution
was continuously decreased until 30C and its decreasing rate was

reduced in the temperature range of 35-50°C.



F < g Qe 7l AT stugl EebAle o NE AFew
AR, AAA Tl TR AR EO] A e Eole ARE 9
7}27d casing B HAE o]l &F Al Qlth (Pearson, 1988). o|fF o=
type I ZHAlS FvrlE A~ #d A a9 T-Ax 45 JA 5
| 7] &&= e e @ alal 2006) LS F kA2 1

o] 237t dFHe =< HE= FE Ee He 3AFL
24 @ol o] &Hr}t (Li et al., 2005).
ZHAe oA FeEE oy, HliE, WY oluel JPA R e

AASE T, B W ol nt EAF T Qo FeAe RAE

o|\
o
N,
o
™

A QA Hel fdAde] A= F-$H(bovine spongiform encephalopathy,
BSE) ®+ A4 9 (foot/mouth disease)oll Al 1A REA] a1 e A =&
A 2ol & 4 2t} (Yamauchi, 2002). =3 T4 Ak wjFof =
AZTH dojAe= S AHEE T fle A4S 2S5+ o
(Sadowska et al., 2003), $+E o 9S oF7] A7l FAMEZHE 1754
45 FEote AodA orrt drh

o] Fehal
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FAbE S o] &3 AL ol HlE AR A2 AA ot

FAE o] FZotAdlo] T3 Gt paper nautilus® puffer fishe] 33 o A
FAS Fg o] SDS-PAGE, Peptide mapping, WA 2% 59 &%
EA A7 eH(Nagai et al, 2002), Brownstripe red snapper?] skinol|A 4k
7HeA Feble FE5ke] DSC, &3 %, ofv At &4 59 AU B
1 tH(Jongjareonrak et al., 2005). =3k X o]} A o]e] Nile perchol 4] 4t
7184 FEAs FE3H9 ofn 2t SDS-PAGE 59 540 52
™ (Muyonga et al, 2004), Yoshimura et al. (2000) ¢} Nomura et al
(2000)& great blue shark (Prionace glauca)® A4S o] &3t Fa4S
FEo e I 5A4S WAth

T3 27 s et 2 oY FAEQ UEREE ZHAY 28 2 E
24 EA At (Nagai et al, 2000; Nagai et al., 2001), Woje] SmzH
g Zetale] a9#Ql &8o] AF¥E vk AH-(Morimura et al., 2002).
oA e Hzo &3 AF= dole BlEelA 05 M2 acetic acidE ©]&
sl FHgAE 53 AP (Kimura et al, 1991), Aolgl9 nvlEdA =z
o] Ba¥ H} Yt (Nomura et al, 1996). F o= E& A
og], To nHlE9 FEAA 54 AF9(Nagai at al., 2004), =3 o
ddgtylote] HFollA type I ZEHdle FE6to] B84 545 AT
Aol Adth(Ikoma et al., 2003). =3k Ogawa et al. (2004)2 black drum}
sheepshead seavream®| o3¢} H|EZHE ZFoAS FE39 =84 &
A Askdh
##] (Skipjack and Yellowfin)+= "¢ AEE7F =2 AHo=z F2 3
= = gopero] (Yellowfin tuna)®} 7hoharo] (Skipjack tuna)”?F 13F o g
= 3400,000MTel sl F offojFo=m= (2001 World Capture

Production of FAO Fisheries Department), 3tt#ol= F2 3l 7tol v} %
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1. 48 A=

ANBE AMEE Zgurgo] (Thunnus albacares) V)5S A2 (F-AF 3
) A Aol 2o = HHE ATt 4AS AAG HES A
Yol olgatnen, Aol FfA 7] HA7A -18C FAGHE H¥sS
t. gugo] HERYE FEI ZHAY =gstetd SAS dotry] ¢
3 SATERY A calf skin F#HA(C-9791, EC No 232-697-4,
type I collagen from calf skin, Sigma, U.S.A)S AF83te] vlw 3FST).
Pepsin (EC 3. 4. 23.1; 2080 U/mg protein, Sigma, USA) 2 X A Fto] A}

S5 BE A2 analysis grade®]t}.

2. 490

A=l AAdE AAst HlEvE 2 FHsAT FHE HE-2 10,000
rpmoll Al 3&ZF mha e AES ARE Sl mhA R Bl Aol FAlRE F
2ol @ de] A7 2 229 BEs A ¢ NaOH) A=
st=dH 1 %+ 01, 02, 03, 04 2 05 N ojt}k. A A 7H 6-30A] 1F
o] wWelelA 6417 FH o2 shaking incubator (HB-201SF, Hanbaek
Scientific Co., Korea)Z ©]&3lo] 9T, 200 rpmolA] A = At <z

(NaOH) A& § &2z g AAE Asto] A4 2 T2 At T



stAIZL vl 52 A5 div 109 (w/v)el Al (EC 3. 4. 23.1; 2080 U/mg
protein, Sigma, USA)<S &3 acetic acid &85 ©]83Fe] 0.04, 0.12,
0.2, 028 % 0.36%9] FE= 18AIFell A 42A17HE3F 6A1%F FA R A
JhEEEE AT &4 7FE8]E shaking incubatorell 4] 9T, 200 rpm
zhoA ekl &4 ZhERAE v AR AREE o] fste] &
Ny} xS FEE AT FEHL 25% NaClg§ S o] gsto] FE9q9
TEEIF 5% Hes dAe vk @4 T A2oA 109 SRTE
o]-&ate] 3-43] 4T, 7000 rpmellA LAEEE st AR E mH
£ stk 294l 59 A A Sy dWA

& up] 9Aste] Aol A Bajel Ak,

22 4944 4 A4

ZeHlel FExdde  FAAstey] . flstel T4l 4 A8 R (contral
composite design (CCD), Box & Wilson, 1951)o °lsf A&F-7+S A A3}
AT Table 1). T3 NFS ¥ 8| R4S 918 SAS (statistical analysis
system 9.01) program< AH&SI T 4718 SHWHTE AR en, 7t
Zbel ZYRTE 57/ A= Aste] dFol design AT F 270
bl AdE Pt o, Ad design TA S factorial points 167Y, axial

points 871} FAFEY 3W WEEo = FAF o] 9t} (Table 2). Zehzl<]

ml

walsAde s B AYAZFE e SHHsR A & SHES
= NaOH (N, X1)9 =%, NaOH A& A7t (hrs, X»), pepsin® &% (%,
X3), pepsinA 2] A1Zb (hrs, Xy)ol™, Z47F9] range®t levels & 2 (Dell w
g} 57 o] FRtoew vEeA &t YER ST



Table 1. Experimental range and values of the independent

variables in the central composite design for collagen processing

from scale of yellowfin tuna skin (Thunnus albacares)

Range and levels

Independent variables Symbol
-2 -1 0 1 2
NaOH concentration (N) Xi 01 02 03 04 05
Treatment time (hrs) X> 6 12 18 24 30
Enzyme concentration (%) X3 004 0.12 02 028 0.36
Hydrolysis time (hrs) X 18 24 30 36 42




Table 2. Central composite design and responses of the

dependent variable for collagen processing from scales of

yellowfin tuna (Thunnus albacares) to the independent
variables
Run Coded levels of variable Response
No. X1 Xo X3 X4 Y (%)
1 -1 -1 -1 -1 1.84
2 -1 -1 -1 +] 4.82
3 -1 -1 +]1 -1 3.93
4 -1 -1 +] +] 2.19
5 -1 +]1 -1 -1 1.77
6 -1 +] -1 +]1 2.24
7 -1 +]1 +1 -1 2.16
8 ] +]1 +]1 +]1 1.88
9 +]1 -1 -1 w1 3.53
10 ) =l Bl +1 3.93
11 +]1 = +1 Bl 3.53
12 +]1 -1 +1 21 3.34
13 +] L 1 -1 =] 2.04
14 +]1 +1 =l el 2.79
15 +]1 +]1 +]1 -1 1.57
16 +]1 +] +1 +]1 2.36
17 —2 0 0 0 2.32
18 +2 0 0 0 2.36
19 0 =2 0 0 3.06
20 0 +2 0 0 1.37
21 0 0 -2 0 2.55
22 0 0 +2 0 1.45
23 0 0 0 -2 1.88
24 0 0 0 +2 3.57
25 0 0 0 0 6.95
26 0 0 0 0 6.28
27 0 0 0 0 6.59




Sguse] FAS e Zlolw, XWE S Ul Zeld, W
Fre 2ol & (Y, %)= AsSlth (Table 2). SH¥FY T4 @2
I e ouAde] AnE EYE A (Table 1).

SAS system (Version 9.01, SAS Institute Inc.)2] RSREG procedureE ©]
&ato] HeRUEA S o Aas ulgo s 95%9 o4 FEolM A

3 WS- A2 (response surface model)S 3t (2).

Y = ﬁn+z,8}1’ +T‘,5'HX! +Z Z,BX};’ (2)

i=lw r=H

A714 Y+ S5HFE Y 78 (W= HEH AolH, BT, G
Bii, Bij regression coefficients 2] 1L X;, X;= S HHFY levelS YERI
Z o]t} Response surface plotsi= Maple software (Maple 7. Waterloo
Maple Inc.,, Canada)E ©°]&ste] 3xd gz Yehdiglen, F 719
SHWTEY] S HEd dee 2d o YEuA g e F

o mewse e AAzdo S

2.3 SDS-polyacrylamide gel electrophoresis (SDS-PAGE)

719 %2 Mini-Protean 3 (Bio-Rad Laboratories, Hercules, CA)S A}-&
3te]l  Laemmli (1970)¢] W o= A3l Polyacrylamide gel
stacking gel¥} separating gel® Z+7Z} 5%°] TLE=2 THEo] ALE3FSt
Sample TFT =2 °o]83t9 10% SDSE 33t 0.20M Tris-HCl (pH



6.8), 5% 2-Mercaptoethanol, 20% Glycerol, 0.1%2] Bromophenol blue&

E3ste] 100ColA 383 7FEAIZl & sample €9 5 wlE geldl T3}
i 20 mA/geld] AFE EHRUY A7|dEsS skt dA71Gsol e

gel 0.25% (w/v) coomassie brilliant blue R250% A 3tA oH, 45

2 o) Z2bAQ calf skin (Type I collagen) marker protein©. & H] L

e A5 5 mgs HAste 6 N HCl €9 3 mLE 7Fgt ¥ 110C dry

batholl /] 24A17F &9t 7l4838] dtAth > galss filters ©] &3}

2.5 Fourier transform infrared (FT-IR) spectroscopy

FT-IR spectrophotometer (Brooker IFS 88, Germany)E o] &3lo] 3pr}
ol RsRFH FEI Y SASE Fdll S99 calf skind] =
A2 500014 4000 cm 74 2 em'9] data acquisition rate® <o} R STl
Curve fitting& peakfit software (SPSS Inc., Chicago, IL, USA)E o] &3}
of YER ST

sttigto] HlEEHEH FE3 Fobde AR =4S Kittiphattanabawon

et al. (2005)¢] WHS okt At F4sAth 0.1 M acetic acid €<
o Z#AL 003% FEZ 500 mLE "= $F 60C water bathAolA =



olt}.  Brookfield Synchorolectic viscometer (Model II+, Brookfield Eng
Labs Inc., Stoughton, MA, US.A)E ©]&3}4] 30 rpme] Z7 A spindle
No. 405 Ab&3ste] SA&AT. 54 2= ®9= 15-50°C= 5°C/min?
L2 2 WsE FAo 29 &S 4 2 dolA 108 E¢F =
5 AT H APE dstdlon AFL 3W whEste] S5 ARE o

&

ol

FR T ol Axk= 15TeM SA4T HA=s Aoz vlal-Aitsto]
dfz= LhER AT

M

27 &=
ZetAlel &3 =+= Montero et al. (1991)2] WS o7k WE3sle] =A 3}
At 05 M9 acetic acidoll 2419l HEFF5 %7 6 mg/mL, 3 mg/mL9]
HEE sto] 4T A 12 AIREEE A A8 arlebi A =tk NaCle §%
o WE LE=E 6 mg/mLe Tx ZFgd &9 5 mLol 05 M acetic
acidell NaCl& 0%, 2%, 4%, 6%, 8%, 10%, 12% (w/v)Z =<1 & 5 mL
g #Hrlst 7 &4 NaCl AFsE7F 0%, 1%, 2%, 3%, 4%, 5%, 6%
7b HEE ST 9] &R 4T A 30 & T AIA G mwkgk &
10000xg o Z= o= 4°Coll Al 30 #3F AL skqdeh A5 oA
%+ Lowry et al. (1951)9] ®#Ho| wel S48 EFEZZE bovine
serum albumin (BSA)& A}F&38F3th NaClol|l w2 k2 A5 A4
¢l e M =2 B =E UEd NaCl 55 7|22 sto A4
Al Bl =0 Hl&= velo] AAFeAT

pHel m& &aies = v%=7F 3 mg/mLdd &< 8 mLel 6 N
NaOH¢ 6 N HCl= H7FstAM pHE 1A 10704 =43l SF 5
HA7Vste] HE volumesS 10 mLE2 3o m, o &L 10000xge] %

o A 4°Coll A 30=%F YA st AE A @A FE= Lowry et

[\

_10_



= bovine serum albumin

(1951)9]
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1

goigto] 2Ry e FExAS HAstshr] Al T 2709
Tol X Ao zhzbe] 3t mE FEHEUS (Y, %)E Table 20|
Yebolch A3 Ay do]x  datat  Statistical Analysis  system
software (Version 9.01, SAS Institute Inc., U.S.A)2] RSREG (response
surface regression) procedureE ©]-&3fo] H-gH WA 3 AIE nlgro
2 22 gAY rdAS FEAT 128 (X, X, X3 Xa), 228 (X,
Xoz, Xz, Xa) T3l w3 A#EEHOGE BE AFFY FoA8&

Al5& Table 3o R AT

Linear coefficient & A28 vmA X; (P=0.5074)°F X3 (P=0.2435)1%]
I Xy (P=0.0795)+ P>0.062 A= UEWA &g ®idHd, X,
(P=0.0018)= P<0.059] sl #2Bs YEEn. =3 BE 232
P<0.019] =& levelol A felido] vepet vhd, 8= w2 P>0.05%

t-statistic} Z}zfeo] Bdo] F=

Fo)AS JER A Egrt W md mEAlo 9505 oA frolAdo] 2l
A2 4o 879 WS A 9ste] Table 49 eI S Th
ZepAe =gwso AAAS (RHE 0905602 YERon, P=0.0004%

Uebstth w2 AAAS 2 fFeA el et A2 dqRlddS T 4
# 2 HE A7 wiEd ez oAAXT. Analysis of variance
(ANOVA)9| #Alel & 2x 3} md 2o FAA Fo4& H7tstAd
o EEHT mE ANOVA #4& S8l YV (yvield, %) ®vH8 EdE& ®
d3slo] Table 50l YEF AT ANOVAS 23 wxkg (P=05795)5 #1<
sk 12k (X, Xo, X3, Xy, P=0.0101), 22F& (X1, Xoo, X3, X4, P£<0.0001)
= 95% ool FFollA ool AHAT e 3942 P<0.01

_12_



Table 3. Estimated coefficients of the fitted quadratic polynomial

equation for the response of Y (yield, %) based on t-statistic

Parameter” Pare.lmeter Standard T-value P-value
estimate error

Intercept 6.6067 0.4036 16.37 <.0001
X1 0.0975 0.1427 0.68 0.5074
Xo -0.5700 0.1427 -3.99 0.0018
X3 -0.1750 0.1427 71223 0.2435
Xy 0.2753 0.1427 194 0.0795
X1X1 -0.9958 0.1513 03 <.0001
X1X>2 -0.0525 0.1748 =050 0.7690
XoXo -0.0271 0.1513 -6.79 <.0001
X1X3 -0.0613 0.1748 50,00 0.7320
X3Xo 0.0163 0.1748 0.09 0.9274
X3X3 -0.0808 0.1513 ~1 i <.0001
X4X) 0.0200 0.1747 0.11 0.9108
X4 Xo 0.0175 0.1747 0.10 0.9219
X3Xy -0.3763 0.1747 -2.15 0.0524
XXy -0.8996 0.1513 -5.94 <.0001

* X1, Xo, X3 and X4 mean NaOH concentration (N), alkali treatment
time (hrs), enzyme concentration (%), and enzyme treatment time (hrs),

respectively.

_13_



Table 4. Response surface model for processing conditions of

collagen from scales of yellowfin tuna (Thunnus albacares)

Responses Quadratic polynomial model® R P-value

Yellowfin ~ Y=6.607-0.57X5-0.996X1"-1.027X>"

B 5 ) 0.9056 0.0004
tuna 1.081.X+-0.899.X,

* X1, Xo, X3 and X4 mean NaOH concentration (N), alkali treatment
time (hrs), enzyme concentration (%), and enzyme treatment time (hrs),

respectively.

_14_



Table 5. Analysis of variance (ANOVA) for response of the
dependent variable (Y, yield(%))

Sources DF* SS* MS* F-value  P-value
Regression
Linear 4 10.55 0.17 5.40 0101
Quadratic 4 43.29 0.70 22.15 <.0001
6 2.38 0.04 0.81 0.5795
Cross—product
Model 14 T 0.91 8.22 0.0004
Residual
Lack of fin 10 5.64 0.56 0.01 0.18
Pure error 2 0.22 0.11 = -
Total error 12 5.86 0.49 = -
Total 26 62.09 - -
Factors”
X1 5 21.49 4.30 3.80 0.0010
Xo 5 30.36 6.07 12.43 0.0002
X3 5) 27.99 5.60 11.46 0.0003
X4 5 21.33 4.27 8.73 0.0011

* DF, SS and MS stand for degrees of freedom, sum of square and

mean square, respectively.

" X1, X3 X3 and X; mean NaOH concentration (N), alkali treatment

time (hrs), enzyme concentration (%), and enzyme treatment time (hrs),

respectively.

_15_



M
0,

o~
T

rlo

2 99% 9] = 14 Aol UeEtwroe, lack of fite] A3sE %
HE (Ve 5% 2o oA 2da o] fo4d o] yelykth (Table 4).

=

2 294 F£9 A3

grpdelo Hs2FH FEI S HA FE20S wel7] 8 =
At AEW (CCD, Box & Wilson, 1951)o &l =A< Attt
NaOH¢] &% (0.3 N, X1), AgAIzF (18 hrs, Xo), 448 F%& (0.2%,
X3), Mgl AZF (30 hrs, X9 4709 S@WTE Ueddon, A5 B2
Hele dn Ad3ds Ssto] Askdtt (Table 1). ¥839W 24 23 e
Wt HA ZAAAY coded #T uncoded Fk= Table 69 WEMATH
RSREG procedure®] ZA3}el| o]s}H, ecigenvalue #E°] EF 524 A
drHoer HuAE UHeUodH. Gu"elE ol &3 =k FE A FHA
Z71 A9 code 2> X; = 006, Xp. = 027, X3 = -0.11 281 X4 =
0172 uYEEH. & NaOH A8 Al €% (X)) 032 N, AHALF (X2)
16.38 hrs, &4 A Al % (X3) 0.18%, 7iLdl A7+ (Xy)2 31.02 hrs

d W HH F&E Hol= JAeF YERWLE (Table 6). ¥H8 XW ¥4 4
I 9o A FEIAS FF dAEH= ZeHAe & (Y, yield(%))
< 672 %2 YEIYow, AA FF 3 A3 693%=E oA Bk 0.21%
= vgtoy & zto]lE HolA| gkokth (Table 6).

Fig. 3& S9WF (X1, Xy, X3 X)7F FE5WUF Do vAs 4TS
Maple software (Maple 7. Waterloo Maple Inc., Canada)E ©]-&3}o] 3
A aHzE yebd Aottt F8H FEF A 8% JdFS VA= 8
om= AA Y Aot Ea AP F MR AAXIG. wepA o
2] AgeA= NaOHO F% (X), N),AZAIL (X, hrs)& =
Asgdon, g4 A AdE G490 % (X ratios)SF 2 A 7F (X,

_16_



Table 6. Optimal conditions of collagen processing from scale of

yellowfin tuna (Thunnus albacares)

Dependent Independent Critical value Predicted Stationary

variable variables® Coded  Uncoded vyield (%) point

X1 0.06 0.32
Y Xo -0.27 16.38

_ 6.72% Maximum
(Yield, %) X3 -0.11 0.18
X4 0.17 31.02

* X1, Xo, X3 and X4 mean NaOH concentration (N), alkali treatment
time (hrs), enzyme concentration (%), and enzyme treatment time (hrs),

respectively.
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A AEZHAE YERde (Fig. 1. 5709 vhEEW 22 Z+= 25 coded
ghol 0ol 7MherE FEEF e F& (%) EokAe Ao=w y

Bk

L
Lo,
i
)
=

3.3 Z841¢] SDS-polyacrylamide gel electrophoresis (SDS-PAGE)
SDS-PAGEE &3 dudo] nlesaiy 53 S §45E 4
9] calf skin Z&tA1¢] A7) % patternS Fig. 20 YEFAATE. Calf skin
ZHdAe F Me aF as-chain, B-component (a-chains® crosslinked
dimer) ¥ y-component (a—chains®] crosslinked trimer)® ©¢]Fo14 Ao}
Giraud-Guille et al., (200009} ®.ato] wEMW o, a), B and vy A9 £
A2 93, 93, 186 and 279 kDa BXxo|tf. Stjeo] vHEZHY FE3
ZHAH calf skin ZeHAlS v¥]als] BES @ a-chain@} az-chain©] calf
skin ZF&tA Rt slu| A YUEFSESHM a;-chain, ay-chain, B-chain® y

~chainZ TS A& Fd T & AL,

3-4. 29 o=t A

proline¥} hydroxyprolineg imino acidz} 3tt}. FepAle] ExtzE F
=2 proline?} hydroxyproline®] pyrrolidine ring®l 2]3] polypeptide chain®]
22 F-zW3}7F A $HE 11, hydroxyproline®] hydroxy groups £3F 427
ol oJs AT Ee AP S F7HA7I7] wtell, el imino
acide YAF+x2E ¢ HAsHA stk (Gustavon, 1955; Piez et al., 1960).
w3k hydroxyproline?] #& ZgtAlozXRE Frys Ao f5d

X B3 AR Sol F2% JFL vIAH, hydroxyproline %ol &

-
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Collagen content (%)

Collagen content {%o)

Fig. 1. Response surface plots for optimization of collagen
extraction from scale of Yellowfin tuna scale. Y, X, Xy, X3, and X4
stand for collagen content (%), NaOH concentration (N), alkali

treatment time (hrs), enzyme concentration (%), and enzyme treatment

time (hrs), respectively.
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A B

Fig. 2. SDS-PAGE patterns of collagen from scale of yellowfin
tuna (Thunnus albacares) and calf skin. A; collagen from calf skin,
B; scale of yellowfin tuna collagen.

The 5% separating gel and 5% stacking gel were wused for
eletrophoretic analysis. Loading volume of sample solution is 5.0
mg/mL. Calf skin collagen was used as mobility maker of a, B and y

—-chain components.
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Table 7. Amino acid composition of collagens from yellowfin tuna

(Thunnus albacares) scales and calf skins

(%)

Amino acids

Collagen type

Yellowfin tuna

Calf skin seale
Hydroxyproline 9.06 7.43
Aspartic acid 511 6.83
Threonine 1.85 44
Serine 25 5.45
Glutamic acid 10.69 13.2
Proline 10.88 11.54
Glycine 16.28 2.44
Alanine 3.12 10.65
Valine O 2o 3.25
Isoleucine 1.37 1.84
Leucine 2.86 3.5
Tyrosine 0.48 0.17
Phenyalanine 1.84 2.59
Lysine 0.27 0.53
Histidine 1.96 2.31
Arginine 4.19 491
Cystein 0.01 -
Imino acid” 19.93 18.97

? Imino acid mean proline and hydroxyproline.
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T2 AgEe n e e AAXT (Gilsenan & Ross—-Murphy, 2000;
Gomez-Guillén et al., 2002). w2}A] proline, hydroxyproline®] st =
gllo] dojA - Fad Aol & F Uy FoHo] HEETEH FE
g Sl E calf skin ZebA19] ofw| At FA AIE Table 7 o uE
ok A A3 stosto] FAe] 49 hydroxyproline S 7.43%
2 Yeykow calf skin 2419 7% hydroxyproline ¥ #-2 9.06%%
Fude] AT =2 FAS YEdv ea ool S99
proline 32 11.54%= calf skin Z2t419] 10.88%Ht} £ X & LE}
WAt Foegeding et al. (1996)°] 2Jst™ ol F ZebAl2 imino acid &%
< R FHEY L& FXE UedcH, Sude] S 2 calf
skin F2+719] imino acid & &< 717t 1897% % 19.93%= YEF%:

3-5. FT-IR

gudel Hez2%EH F=3 294l calf skin ZFEHA#e] FT-IR
spectraZ Fig. 39 Yt} Spectrum oA YeEbY amide A, I, I ¥
Me] regione polypeptided] FENS} HFAH o= Aol At} amide A
region (3400~3440 cm )& N-H stretching vibration® ##o] glth
amide 1 region (1500~1660 cm )= peptide® carbonyl group <]
stretching vibrations¥ ##Ho] low Wzl 22 FZE dolH =4
7} 58354 o] fo] Hrt amide I regiondl 1500 em ' FH A 717
ek amide T &7F dojdtt} (Jackson et al, 1995). Amide A (~
1500 cm ) NH bending 9 CN stretching@ #+# o] 9lom amide I
(1350~1200 cm )i CN stretching@ NHell ©]sjA ehs, Zahae)
triple helical 7% % CH, wagging vibration® Z#o] ¢t} (Muyonga et

A
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Fig. 3. Fourier transform infrared spectra of collagen from

yellowfin tuna scale (A) and calf skin (B).
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al., 2004b; Jakobsen et al., 1983). Muyonga et al. (2004b)2] Aol w=
W %] 9] nile perch®] A& FetA19] H$ Z172] amide region (A, I, I
2 IS 3434, 1650, 15429k 1235 cm 'Y v} peak”} YEFSEoM, Aol nile
perch 74 Ze}7419] amide region zt7} 3458, 1654, 15559 1238 cm ‘ol A]
peak7} YEFSETE B Ao A calf skin ZebAlY gvbdEo] nER2EEH F
=3 ZA9 amide A, I, O % M9 regionS z+zb 3435 cm'', 3414
cm ' (amide A), 1652 cm', 1645 cm ' (amide 1), 1554 cm ', 1553 cm''
(amide TI) 2|3l 1240 cm’', 1247 em ' (amide ME ]38k 3}4ol A
peak & YEM AT,

3-6. 4%

Agtd 0.04% (w/v) sEZisiTd AER S 59 =8 S4HE 54
o (Fig. 4). 22l &9 HEE 322Co o|27]|7tA4] &A= 743
= A%s Uesl e, 33-50°C E el =
etttk 129 dxgoAe Aegde Fx FolA Fa4 Aol AT
(Wong, 1989), gdxlgjel] & Agtel o] WAL HAw=wstel Aol gl
t} (Nagai et al., 1999; Nagai & Suzuki, 2000; Nagai & Suzuki, 2002).
Kittiphattanabawon et al. (2005)2] X .i1o] w}=W higeye snapper?] bone

rir
N,
[P
o
s
AT
)
N
Ir
2
(o]

2o

¥ skineZHH ZHAE FE3AUS W bigeye snapper?] boneZ} skin
S &Rl HE= 30°Cel ol2774A] dA4S A sk e, 35-50
°Cel WelolA TAELS Yol = Aoz yEytt), dgte] Adetele]l H:

H3hg T3 o9 Hld AFS HIAHh

3-7. 3=
NaCle] = m& Fehdle] &3l: Z42 Fig. 59 YeEl A
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Fig. 4. Relative viscosity at different temperatures of the collagen

solution of yellowfin tuna (Thunnus albacares) scales.
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Fig. 5. Solubility in 0.5 M acetic acid on NaCl concentration of
the collagen obtained from yellowfin tuna scales (Thunnus

albacares).
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Fig. 6. Solubility in 0.5 M acetic acid on pH of the collagen

solution of scales of yellowfin tuna (Thunnus albacares).
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Atk 2bzb pH 73} 8ol HmE e §AEE Ba 1 ol Fel M
QAo getelA ueht B oAFAss s 43S dehiAd

(Kittiphattanabawon et al., 2005).

grigo] HlE ZFede WARE (TPE SAH3 Fig. 791 Yebddth
imino acid (proline and hydroxyproline)®] $#o] =&4= Zhzlel W
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skin 24419 WA= (Tt vl sl ®ekS o calf skin =AY WA
S5(Ta) 32CT= ool vl 2284 2o 52 35 Yed
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5 ]
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o
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Q
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Fig. 7. Thermal denaturation curves determined by measuring the
viscosity of yellowfin tuna (Thunnus albacares) scale collagen

solution of 0.1 M acetic acid.
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