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Processing Optimization and Physicochemical Properties
of Gelatin and Collagen from Yellowfin Tuna

(Thunnus albacares) Abdominal Skin

Sung-Jae Yoo

Department of Food Science and Technology, Graduate School,

Pukyong National University

Abstract

Collagen is ‘the main protein- of connective tissue in animals. It is often
used as an ingredient “in recosmetics or is injected “into the face in cosmetic
surgery in order to look skin younger. Gelatin derived from collagen has been
widely used in food, medicine and photographic industries over the years.
However, gelatins from mammalian resources are limited in utility of
processing in functional food, cosmetic, and pharmaceutical products because
frequent occurrences of bovine spongiform encephalopathy (BSE) and foot/
mouth diseases (FMD) are to be serious problems for human health.

Gelatin extraction from the abdominal skin of yellowfin tuna (Thunnus
albacares) was optimized by the response surface methodology and the central

composite design. The values of independent variables at optimal conditions



were 1.89% NaOH concentration, 2.93 hrs NaOH treatment time, 56.6°C
extraction temperature, and 4.7 hrs extraction time. The estimated gelatin
content was 90.7% and the estimated gel strength was 406 Bloom under the
optimal condition. The actual experimental collagen content was 90.6% and the
actual gel strength was 402 Bloom. The Physicochemical characteristics of
gelatin extracted from the abdominal skin of yellowfin tuna were investigated
by comparing its proximate composition, pH, amino acid composition,
viscoelastic properties, gel strength, and SDS-PAGE patterns with bovine and
porcine gelatins. Also, the effects of gelatin concentration, maturation time,
heat and freeze treatments on the gel strength of yellowfin tuna abdominal
skin gelatin were studied. Amounts of ‘@-chains, B-, and 7 -components of
yellowfin tuna abdominals skin gelatin were higher than those| of the two
mammalian gelatins. Yellowfin tuna abdominal skin gelatin had the lowest
content of imino acids (proline and hydroxyproline), and was consistent with
that of other fishes. However, .yellowfin tuna abdominal skin gelatin had the
highest levels of “in glycine; alanine, and lysine. It-has been known that the
gel strengths of all gelatins were proportional-to gelatin concentration. Among
gelatins, yellowfin tuna abdominal skin gelatin exhibited the highest gel
strength at each concentration. Although it required a longer maturation time to
form a firm gel than the two mammalian gelatins. Using higher heating
temperatures decreased the gel strength of yellowfin tuna abdominal skin
gelatin more than that of the two mammalian gelatins. However freezing
decreased the gel strength of bovine gelatin only slightly, whereas estended
freezing times resulted in greater reductions in gel strength in the yellowfin

tuna abdominal and porcine skin gelatins.
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The processing of collagen from the abdominal skin of yellowfin tuna
(Thunnus albacares) was optimized by the response surface methodology and
the central composite design. The optimal conditions included the following
independent variables: NaOH concentration, 0.5 N; NaOH treatment time, 36.2
hrs; pepsin concentration, 1:4.9 ratio (0.245% w/v), and digestion time, 48.1
hrs. The collagen content estimated under optimal conditions was 33.1%, and
the actual experimental collagen content was 32.3%. The physicochemical
properties of collagen from yellowfin tuna abdominal skin were investigated by
amino acid analysis, SDS-PAGE, FT-IR, viscosity and-denaturation temperature.
The amino-acid content of the collagen was 21.0%. The SDS-PAGE pattern of
the collagen indicated two different @ -chains (@; and @»), [ -component and
7 -component. The FT-IR spectrum of the collagen displayed wavenumbers at
3434, 1650, 1542 and 1235 cm’, representing the regions of amide A, I, II
and III, respectively. The relative wviscosity of the ' collagen decreased
continuously on heating up to :32°C and the rate of decrease slowed down in
the temperature range. 35-50°C. The  denaturation -temperature (Tq) of the
collagen solution (0.06%- w/v) was 31°C and was lower than that of calf-skin

collagen (35°C).
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Collagen> AEZZF AdzxA 9] FH T4 A3 AdWA=ZA AA A

A wwAe] s0% ol e AXsY AN FHAFA REAE Ha 19

T (type [-XIX) ool ¥Ha{A i Aoy 7| e 3 A =4
715 Sl (Nakamura et al., 2003), 53] I A=, W 5 Agx=ZHe F
83 74 dES=E A collagen FE 40%+v= I, 20%= W} A=, 1
o] dd3 W 5 AN gA XS g VETRE 3T HATE
2 o2 glom AA oF 14-15 A, ZAo] 2,800 A, WIT BT °F 300

KDa®]t} (Lehninger, 1975). Tropocollagen®] A W] HEi= ®x}7ke] 7wz
Fow ZEAESHoR OFAFet x5 o]F 1 Ul (Nimni & Harkness,
1988).
e Arde T84 dHAQl gelatine W} =
el AR A collagen®] ZAZFFES Al o Az
He, 9459 E7dd wet thdFgt T/ gelatino] RS A A Hrh A
collagen w3 A (bovine)4: 1 A] (porcine)®] W e} 715 o] &3t A}
AFE 3L 9o, collagens 2haE, AR F A S-SR, 281 MENY S
thFek Fokoll A o] &= ATt
UREA O 2 gelatine =35 APA P ste] oA = type A gelatin?} 3]
= A3l AHglsle] AdojA|= type B gelatino & FREEHT, A Pde, dx 2
g 22 B4 54 wet @ FofolA] AREEa Qi) wmolA
2Ha, QA AEA 5 8o m ARHVIE G, A FAEY okl A
g2 vk ofyel 4o, B, f3bd, 29, 34 S
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coatingdl, 7FA A SAABE & AFELAS] YREE ARSI QT E

W AYE AAA, G BE, ATHDE WAR AEHE 5 OGP 2
944w A1 gk

GME (Gelatine manufacturers of Europe, www.gelatine.org) X 1Lo] <]3}H
20053 %= AA 7 gelatin A2FHE-S 306,800 o], I T 72.1%7} =39}
FIRRE AAE L, W (&, A ) SO FAEZREE 266%, 71E
ARE o] &3 AAFL 13%% Aoz YEon, gelatin A4 2 4]
Fe wid Frkske Ao® uEhya vk 2elv A& om AR HE
gelatin®] 79 A 80%7F =¥ 2HEH AAEA dom 10%FHe] $-7]
& ol &3t Ao HuHTH §9 9 AME RS FAska, =99 7|Ed

29 ARl ws7tstal UL ool FE A0S B (bovine
spongiform encephalopathy, BSE)oll <]3t Zlo|t}. 935 o] 83k collagen
L A7

gelatine 391 52 <AA|do] 1A o] HFF
It

A& FHAE 0] 83 collagen F gelatine: FEol=dl A7 DAL 9l

N

Sk A9 (foot/mouth diseases, FMD) REAl

t} (Sadowska et al., 2003).
FHLE 454 GoREH ol 2o A. 2 WA e HAE9A H A

oz 7 ele sye wudel st Fade BA BT 23S

e

27

s

Aoz d#x glow, Azt A s o] MY AR=AE ofF
Y (variant Creutzfeldt-jakob disease, vCID) A& YEIUH dlFiEo 2z}
7F 12 ojdlel w&% Auje] Hgow Alrsts Zom deA 3l

(Fact Sheet N°113, WHO). 19861 F=olA A5 THE FHo=z <3

1988\ AT = Lol TEAY AR gES FAL 4dE A5 25
Eash7 e s ov, Gl Aol FAE AT 2Ev 1996
FRAT7E ANHAL S TAdAs ] AFHer 2 Fgs doArh



Tk < e W dE AFEIE OIE (FAlFTHAH-=7, World organisation
for animal health)ol] A& HiiAol] &stH 30719 mIREY] AoAs Wy
shA] g ALoRE oAAAG F5-Hol 3071 vl Ak AdE AL
2 gy Hs & A A AR WAl Atk (BSE Report, september
2006, Which). 3+ A FEEY FA/TSAAEA FAGY] 19 2 oH
o & A% =IARE of Fof tfste] =AY o] WA 7] = Fhr)

olel o] A kAol wigh AnjAte] -t A AR HiFH o
Ao ebdAo] FdrE AMEE AduiAol e A47F a4 s A
Folth. o] o] FER It o5& WA 9 vIeA dHEY o

T7F s, g AES ©] &3 collagen B gelatin®] - FEol #HgF HA

T,

_4

o] wolxal lE}. Kittiphattanabawon etral. (2005)<> bigeye snapper?] 722
¥} W 25 ¥ acid-soluble collagen®] F& 545 B3l S, Sadowska et al.
(2003)> W+ (Gadus morhua)=+4-€ collagen= =3}t Ikoma et al.
(2003)2 & (Pagrus major)®} tilapia (Oreochromis niloticas)2] Y| = = 5-F
type I collagens FE3te] &2]4d 5AS 83 o1, Kolodziejska et al.
(1999)2 2ol QI&EEH collagens FE3to] F2 4 5SS W3t o
2 R ofFe FAolg-m Idd Hls s BE A= F9E ol &3t
o] collagens FE3FtF (Kittiphattanabawon et al.,, 2005; Sadowska et al.,
2003; Ikoma et al., 2003). o] 7}& Al WA= Ad M= d=F 30%=
w2 o] HyEAI gon, olg2 FTHI collagens Tk A
(Shahidi, 1994). dx¥tx o=z ofF {9 collagens> FFsE
collagen 2.0} w2 3+eF9] imino acidE 7FAal dom, A &g o
el o] 8o AgtS a1 Qlt) (Foegeding et al.,, 1996). webA] W& X &=
S ol &ste] 7Ee FH S & A9 collagenE T At A o]

HoluAl stAY 253 vt 545 7 o7 e collagen F+E2 ¢
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n7F Aoa @ 4 9l
H}A FAE 78 gelating o] &3517] fE] B2 A7) o] FojA ghom,
53] FAb=] W, o1 & FAES o] &str] g we AdgAST
gt} (Cho et al., 2004; Kim & Cho, 1996; Montero & Comez-Guillen, 2000).
JE FA= frell gelatino] AF R oJfE Aol A ARG E 7] e A
Al Adzx7o] FFHEojoF st 3 A= YA o] &o] 7hs
FA o] Thsstar A &A ggo] Jhsafol dh
s =9 Ad (B AR A E3 2R
)= Aok guk= Aotk ey tiFE Y FALES A Al A7
7} #+o™, Lumpfish (Osborne et al., 1990), Tilapia (Jamilah & Harvinder,
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2002), Conger -and Squid (Kim+«& Cho, 1996) 52 A4 B o] Eg 4
Aol v FEEaivs slojth. =24 Ads FAATV] AF AT
(Kim et al., 1995)7} Mo 5z Joj& 5= A4kH gelatin®] 7
T, 54 E Y gelatin Rt 53 =24 44S UHYE AoE B
%31 Y} (Yoshimura et al.;.2000).

H FAARY Epd ool F{ (tuna)o AIAPH O E oI EH = ofF o
= 19509 % 500,000 tonol Al 2003 %= 4,000,000 tonol] ©] 27]7}A] F-FE3}
Al o] g =Fo] Frtslar low, 53] FFtisto] (yellowfin tuna)e thdo] &
oA Zttgel theoz B2 o] o fHa Slo] FdAem FAgel 3
T ofFoltt. ER 20039k Hrhdo] o F 2 1,400,000 tono] o T}
FolF F g TF 34%E AA| sl Th (2003 World Capture Production
FAO Fisheries Department). -] ufeboll Al o] ArbeFS AAA o] &) 6%
of @3, fElvel dgoidel sk o F AE T 13%e] 23} (2003
I FTFAEAAQR). ol fe it T3 Ev gE&ox Ay o

EpnEn, 58 grigolt R ARG OwA 40°C ool A w
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Hol 47 @ W RS AASe] Loin AHZ §E-AHEL Aok £
8 AFe 544 9144 Ay (HACCP)SHAl Al 7hg-A 2] 5 o] 4| 1
oItk whebA Fridole] RaAEe A8 e dmzd 948 A4

W ARG E AX BHE 5 o, WERRor dF Aol s

o

r

2 AFA= doEgo]e EHF A (abdominal skin)ZHF-E 31754
Gl gelatin E collagens 5 2 A3t 7ls 5L ol )

stk EAFAAD N et SyPuie T

2 4 Zxlelys, FER 2H9Ed gy d 2 =24 dx wg)
(dynamic  viscoelasticity = properties), AEHA 18] WA 2% (denature
temperature) & SASIAOH, AA YHAHCE VI Wol AHEEHE S £
52 T8 $3 (bovine) B.=3] (porcine) gelatin, 12|31 -] (calf skin)

collagen®} 1 EAS Hla st}



1. 43845
Algz2 olg&% duvpero] (Yellowfin tuna, Thunnus albacares) =5 A2
(abdominal skin) (F)F A9 52F (F-4F 602-030, $h=p)o ZHE FFEEkTE

Frigols B PR3 BR ppo] Fhol M golste] Lhrold 3F
wgrom], B ATE R pRe st A4S ol&ste ATE £
st (Fig 1. A% 4

-18°Col M w2 B@stth Aol AFEE FEAEREE gelatind -]

i
rlo
I,
s
o
2,
X,
riok
4n,
4>
2,
ol
ol
38
o
11t
e
2
N
X

(bovine skin) 5% gelatin (G 9382, 225 Bloom)¥} =3] (porcine skin) %
gelatin (G 2500, 300 Bloom)< Sigma Chemical Co.Z%-E] ¢ 3lo] A&

Atk T3 A5 2HE F=3F collagen? 5AS dolr7] fE SHEE
2 collagen?] Sigma Chemical Co.9] 3] (calf skin) collagen (EC No
232-697-4, Collagen from calf skin)S AF&38}Som, 2 ol Fto AlgH BE

Aoke ATEEHES S,

2. A
2.1. Gelatin® =

Ade Fogo 55 g44ds 8 (viw)e] <z 89 (1.89% NaOH,
Hanbaek Scientific Co., Korea)S ©]83}] 10°C, 200 rpme] Z 7104l 2.9

5o ¥ uyt (HB-201SF) ##]3}o] non-collagen ©+¥1 2 A7 2 3§z

= sy, Iz Ay T, 2= B2 FAES AH oY, 6N HCIZ F3}
= AAT FokE S5 gdde] dsdib en (viw)el THTE 7H8l 56°C



. Photograph of Thunnus albacares (A) and

abdominal skin (B).



(5A 110 mm, Advantec, Japan)E ©]-&3to] 7St o743 & o F¥ gelatin

FEENE AY 7] o] &3] 60°ColA 10 brix®E =3 1S 60°C

oA 24 N7 EAZX7] (WFO-601SD, EYELA, Japan)Z o] &3lo] A %3
T ol FLR 4T ¥ B3 EA4S E457] A% ARE ol&

akelth (Fig. 2).

2.2. Collagen®| A=

Frigol B8 AAS A F oHS AL WA -18°Ce] BA A
2 HasAY. sieE Als AZANA H] collagen T E ] A A W FZ
S BEA717) A8l 5 (viw)€l 0.5, 007509 1.1 2 13% s &4y E
o (NaOH)C. = 12-36A13F  &<9F 6AIZF FA S =2 shaking incubator
(HB-201SF, Hanbaek Scientific Co., Korea)& ©]-83}° 9°C, 200 rpme] =71
o2 wykstink. eZhe] (NaOH) #12]  NaOH A7 & & wwtr|& o]
g3t A B F3E SFE. 24 Zhr s 945 o) 208 (viw) <]
F Al (EC 3. 4. 23.1; 2080 U/mg protein, Sigma, USA)S 83+ acetic acid
(pH 2.0) &5 o]-&slo] 16, 1:8, 1:10, 1:12 2 1:14 (ratios)d ¥ =
shaking incubator®] 4] 9°C, 200 rpm®] Z o= 12, 18, 24, 30, ¥ 36 hrs
e wyksle] JhgERE AlATh &4 JhgEslE v AlsEE o#EE
olgsto] FE A IS EEst FE AL NaCl HF 527t 5%7)

HA 20% NaCl §1& ol §3te] ANL stk 94 F AeoA Qu)

il
ROE
BN
i
ot
ot
11t
e .
9,
OFO
ol
ol
32
iu)
=
aa
N/



Washing & Chopping

[ Alkali treatment ] HE} With NaOH solution in a shaking
incubator at 200 rpm and 10°C

Neutralization H[}[ Washing and add 6 N HCI

Extracting HE} For 4.7 hrs with hot water
| (56°C, 6 v/w)

]
J
([ conitugaion Jimp[ 7 o0oeg wac ]
J
]
]

(5A 110 mm, Advantec)

[ Vacuum - filtration ] ”E)[ Filtrate with filter paper

[ Concentration ] HE}[ Evaporate at 60°C

[ Hot-air drying ] HE}[ At 60°C for 24 hrs

Fig. 2. Flow chart for preparation of gelatin from the abdominal

skin of yellowfin tuna (7Thunnus albacares).



Washing & Chopping

Alkali treatment

v

E} With NaOH solution in a shaking
| incubator at 200 rpm and 9°C

.

Neutralization

A

H}E}[ Washing 3 time with water ]

\

\,

Enzyme hydrolysis

v

H[} With pepsin solution in a shaking
incubator at 200 ypm, 9°C

[ Filtration

] H}D[ Using a mesh ]

[ Salting out

] “E) Using NaCl to 5% final
concentration

[ Centrifugation

] HE}[ 3-4 times at 10,000xg for lhr]

[ Freeze drying

] HE}[ At 50°C for 3 hrs ]

Fig. 3. Flow chart for collagen processing from the abdominal

skin of yellowfin tuna (7Thunnus albacares).
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2.3. Gelatin 2 collagen®] * &

Gelatin & collagen®] ¥ =2 Sato et al. (1991)2] Wl npe} =435 2
™, hydroxyprolines 8% tha $HAHAISG (conversion factor) 11.425 3
gro = stk

Hydroxyproline®] &2 ISO (1978)¢] WS <kt A3 whio=z A
ZFatAth AxE EUAE 100 mgS test tubeo] ©il 6 N HCl 5 mLE 4
o] dry batholl Al 12A17HE <t A7FFREIA 2T 7ERal7 9RE AlRE
B 6 N NaOHE o] &3t FT3tA 7] &, 2 mL9 acetate/citrate bufferS &
gtetal 03 M NaClg&do g 25 mLZ AHE3ck-7% (w/v) chloramide T
(the sodium salt of p-toluene sulfonchloramide) <} acetate/citrate buffers 1:4
Hl &2 &3k AkshA|8- ol (oxidant solution)S =H]3Fal, A A H test tubeol
Az 8 (300 pL), isopropanol (300 pL) L] AFstA-& (600 pl)yS &
holo] Aol A 43 WA sk}, Ehrlichs reagent solution (4 mL)S Z}7}9]
tubedll 7ot ¥ T3k F, 254 &L 60°Col A 7tEeta &He F
FEE spectrophotometer (UV=140-02, Shimadzu, Japan)E ©]-&3}°] 660 nm
of| 5 =73} th. Gelatin 2 collagen A& °] hydroxyproline 32 Sigma
Chemical CoAFZHF-E %] 3k hydroxyproline= ©] &5t A H FF=1 &

Ao zie Artstdtt (Fig. 4).

24. pH &3

Gelatin® pH+= Leach & Eastoe (1977)¥ Choi & Regenstein (2000)2]
Holl 93] ZA3A T 0.1 mge] gelating 60°Ce] =74 10 mLe] &+
Fol =<2 gelatin 89S pH meter (Accument model 15, Fisher Scientific

Co., US.A)E o] -&slo] 25°Coll A A3t

_11_



Absorbance (558nm)

Fig.

3.0

2.5

2.0

1.5

1.0

0.5

0.0

4.

y=0.1115x + 0.0431
R*=0.9965

0 5 10 15

20 25

Hydroxyproline (ug/mlL)

Calibration curve for the

hydroxyproline content.
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AzxE EZAE 5 mgs 6 N HCl £ 3 mLol| =9]3 vacuum-sealed
glass tubesE ©]-83}o] 110°Col A 24 hrs 5<%t dry bath (Dry bath incubator
11-718-2, Fisher Scientific Co., U.S.A)olA AF7Fi3| A A th AH7F= 23
B AS Az oer Axd AEE pH 229 citric acid buffer
(Sigma Chemical Co.)°l o] oAt &4 7] (Amino acid analyzer

S-433H, Sycam, Germany)E ©]-83}o] 743} t}.

2.6. SDS-PAGE 71 % 5

SDS-PAGE (polyacrylamide gel electrophoresis)= Laemmli (1970)2] = o]
9] Mini-Protean 3 (Bio-Rad -Laboratories, Hercules, CA, USA)E A}-83}4
=73} t}. | Polyacrylamide gel®] F%& 4%°] stacking gel?} 5%<]
resolving gelS ©] 831992 ™, gelatin Al 29 =20 93 (bovine skin)Z
FE F%3F type I collagen> 5 mg/mLe] FEZ 60°Col A SFol =9
A5gdo 2 ARSIt £H ¥ gelatin & 4-S 5% 2-mercaptoethanol, 10%
SDS, 20% glycerol?}- 0:1%<] bromophenol blue7}~&f% 0.5 M Tris-HCl
buffer (pH 6.8)2} 4101-90°Cal4] 55 7k sttt 7tdxejd A58
2y 7y 9] gelol 29 38Fo] slab gelol A 25 mA/gel®] o2 H7]Y9F3

-

rlo

At @A bands®] 92 0.25% (W/v) coomassie brilliant blue R2502
o] &3l 2A1HE o AASA Y. -3 skin® ZH-E FE3 type 1 collagen
o] a-chains, B- ¢} 7- component®] makerZ A}-& %] o] At}

27. A Zro =X
A 735 (gel strength)Z4 S AOAC (AOAC, 94821, 2005)°] Wy o=

A\

A3l 21, rheometer (Compac-100, Sun Scientific Co. LTD., Japan)E ©]-&

_13_



AT 6.67% (w/v) gelating 60°Coll A 30% S SiFFo 3] H9l
R R 1TAIZE FeE 7°Col A AL & A FEE Z438He Bloom #t
ow FAsd. A FEFAS vFe] xxolA o] FofH Tt Plunger=
12.7 mm diameter©] 3L penetration depth™ 4 mm©] %1 2™ penetration speedi=

2 cm/min®] 1 t}.

2.8. g4 £4

Gelatin®] % ¥4 (viscoelastic properties)<> rheometer (Rheostress 1 RS30,
HAAKE Co., Ltd., Germany)2] 53 %7 (coneentric cylinder geometry)
Z o]l&3to =AU 6.67% (wiv) FE2 gelating o] == 60°C]
A FFTel =< % frequency 1 Hz, oscillating applied stress, 3 Pa, gap 4.2
mm % >%2=Wst &% 0.5°C/min®] =74 HAdstd o, W7 (Cooling)
£ 40°Cell A 5°C7HA], 7FE & 5°CH-H _40°C7HA S7d38tdth =%=9
of mwE elastic modulus (G'; Pa), loss modulus (G"; Pa) % phase angle (rad)
£ 22 JeEuidt 3 ARk GRS dotry] ¢fs) HdeEdSs 1-3

AN ZPAA] DA L2=0(20°C 2 10°C)oll A = 33T

29. 2 B84 2 54

Gelatin®] 2 FJA 4 (gelling point)?} =5=7% (melting point)= Gudmundsson

A
ay

o

(2002)2] WHol o =AUt Gelatin®] 2 FA A (gelling point)> 1Y
Zt 3174 ol A elastic modulus (G', kPa)9} loss modulus (G", kPa)2] n7d o =5
B #Hrigen, 24 =3 (melting point)S 7FEyAolA A dHAH

(gelling point)¥} 22 W o= A3 AT}

_14_



2.10. 43 AZH A5 24

Collagen®} gelatin®] F& % A& HAs}st7] A3l sAFEAE
H (central composite design (CCD), Box & Wilson, 1951)°] <]3] A& 3t
S A3t S (Table 1, Table 3), WH-5-3%W 3] A4 (Edwards & Jutan,
1997)= %13l SAS (statistical analysis system 8.01) programs A}-8 3} %t}
Collagen} gelatin 25 4372 Sy¥7 AAEH o, Z47ho S
TE 5709 HelE Astol A3 "ol HAlw. F 27 relA A F
o] %%l (Chang et al, 2002; Cho et al., 2005), 2 &A% T4 1671<]
factorial points, 87l <] axial points (a = 2) 18] Z-FAH 7k 33 wEEo=
o] Fo] % 9l t} (Table 2, Table 4).

Collagen®] A& F el T98% A2 Vs £ d<=d, 3 7}
A= el (NaOH) A
b ol th. whebA

(hrs, Xp), Al &% (ratios, X3)¢F Al A AIZF (hrs, Xo) o= A3t S

2 sty WAl (pepsin)= o] &3 g4

il
A5 25 NaOHO| § % (N, Xj), NaOH A 2] 2|7t

M, gelatin® FE349 =HWS (independent variable)2+ NaOHO| &%=
(X1,%), NaOH A AIZb(Xs, days), ET-FE=25 (45,°C) 2 FE=A17F (X,
hrs)o. 2 AstAth Zhzke] S-S ranges®t levels = 2] (D)ol w2} 571 <]
TRre 2 vE2A st el ATH

n = EYPWFe B33 (coded valie)ol ], X, = @] A4 golh.
Suse FAGS e gelu, Ax W WIS UE

g skl o, Az

2,
s
i
o\
dpx
rE
i
fr
rlr
Ei
&
8
lo
o
o
4
o
=
i
ot
ftlo
=2



Table 1. Experimental range and values of the independent variables
in the central composite design for collagen processing from

yellowfin tuna (Thunnus albacares) abdominal skin

Range and levels

Independent variables Symbol
-2 -1 0 1 2
Concentration of NaOH (N) Xi 014 03 05 0.7 0.9
Treatment time (hrs) Xz 24 30 36 42 48
Additional ratio of.pepsin:(ratio) X3 1:3 ~1:4 15 16 17
Hydrolysis time (hrs) X 24 36 48 50 62

_16_



Table 2. Central composite design and responses of the dependent
variables for collagen processing from yellowfin tuna (7hunnus

albacares) abdominal skin to the independent variables

Run Coded levels of variable Response
No. X1 Xz X3 X4 Y
1 -1 -1 -1 -1 21.6
2 -1 -1 -1 +1 21.3
3 -1 -1 +1 -1 20.7
4 -1 -1 +1 +1 20.0
5 -1 +1 -1 -1 221
6 -1 +1 -1 +1 224
7 -1 +1 +1 -1 21.5
8 -1 +1 +1 +1 201
9 +1 -1 -1 -1 23.3
10 +1 -1 -1 +1 23.6
1 +1 -1 +1 -1 23.9
12 +1 -1 +1 +1 21.7
13 +1 +1 -1 -1 221
14 +1 +1 -1 +1 23.2
15 +1 +1 +1 -1 21.2
16 +1 +1 +1 +1 21.7
17 -2 0 0 0 214
18 +2 0 0 0 21.2
19 0 -2 0 0 21.8
20 0 +2 0 0 20.3
21 0 0 -2 0 21.7
22 0 0 +2 0 21.8
23 0 0 0 -2 22.8
24 0 0 0 +2 22.8
25 0 0 0 0 331
26 0 0 0 0 32.9
27 0 0 0 0 33.2

Xi, concentration of NaOH, %; X;, treatment time, hrs; X;, additional ratio
of pepsin, ratio; Xi, hydrolysis time, hrs.
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Table 3. Experimental range and values of the independent process
variables in the central composite design for gelatin
processing from yellowfin tuna (7hunnus albacares) abdominal

skin
Range and levels
Independent variables Symbol

-2 -1 0 1 2
Concentration of NaOH (%) Xi 1 1.5 2 25 3
Treatment time (days) X2 1 2 3 4 5
Extraction temperature (°C) X3 40 50 60 70 80
Extraction time (hrs) X, 1 3 5 7 9
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Table 4. Central composite design and responses of the dependent
variables for gelatin processing from yellowfin tuna (7hunnus
albacares) abdominal skin to the independent variables

Run Coded levels of variable Response
No. X1 Xz X3 X4 Y1 Yz
1 -1 -1 -1 -1 248 85.7
2 -1 -1 -1 +1 258 84.6
3 -1 -1 +1 -1 216 83.3
4 -1 -1 +1 +1 119 824
5 -1 +1 -1 -1 209 86.1
6 -1 +1 -1 +1 219 85.2
7 -1 +1 +1 -1 169 83.1
8 -1 +1 +1 +1 104 83.7
9 +1 -1 -1 -1 187 85.3
10 +1 -1 -1 +1 199 84.3
1 +1 -1 +1 -1 153 82.7
12 +1 -1 +1 +1 94 81.5
13 +1 +1 -1 -1 143 85.3
14 +1 +1 -1 +1 154 84.1
15 +1 +1 +1 -1 109 82.5
16 +1 +1 +1 +1 94 81.3
17 -2 0 0 0 282 84.6
18 +2 0 0 0 162 82.9
19 0 -2 0 0 193 81.2
20 0 +2 0 122 81.0
21 0 0 -2 0 141 87.7
22 0 0 +2 0 113 81.8
23 0 0 0 -2 226 86.3
24 0 0 0 +2 179 84.0
25 0 0 0 0 398 90.3
26 0 0 0 0 400 90.5
27 0 0 0 0 394 90.1

X1, concentration of NaOH, % ; X;, treatment time, days; X;, extraction
temperatiure, ‘C; Xj, hydrolysis time, hrs.
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Ao w& ko] zol7b A9l vebuA] okt webA, &

F (%) 2 A o™ (Table 2), gelatin®] ¢ A ol stEsS AH3HY
T} (Table 4). S HWHF] TAz Y 7 HHE dudde] 2ys BEg=
45T (Table 1, Table 3).

¥ W

SAS system (Version 8.01, SAS Institute Inc., USA)2] RSREG procedure &
o] g3kl WS EWEA AWNE wFOoR 95%9 FoH FFoA AP

WEg-3EW R P2 (response surface model)S T3FATH (2).

Y =4, +ZﬂX +Zﬂ,,X1 LXK, o

=1 =i+l

A7 Y& FE5HTE collagen®] T8 (%), gelatin®] T (%) 2 2 A=
£ HErd Aoln, Bo= A, Bi, Bi, Bi regression coefficients 712] 1 X, X;
= SHHTEY levels YHEW Zlo]tf Response surface plotsi= Maple
software (Maple 7, Waterloo Maple Inc), Canada)S ©| &3}¢] 32 gz 2
Heden, FA 5HHrEe SFHs UBd ol a8z y

A ge te The SHuse greiddedew g

211. Ax9 =4

HE (viscosity)®] A Kittiphattanabawon et al. (2005)2] ¥ H-S 2F7h
TA3ste] S48 tE 0.1 M acetic acid 89l collagens 0.03% F==2 =
o] 500 mLE WFEY. HX9 =742 Brookfield Synchorolectic viscometer
(Model 11+, Brookfield eng Labs Inc., Stoughton, MA, U.S.A)E ©]&3}% S
], spindle 1% 1, spindle 3 &% 100 rpm, 54 =% W9 15-50°C %

=% W3 £% 4°C/mine] A o]FofH Tt AdF A collagen & NS
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212. AL E (T &34

HA LS+ Kimura et al. (1988)9] WS oFzt FA3te] FAATH
Collagen & 99 HEE 20-50°Cel A 2°C HAo = FAHste] Lolr gkt
Aol HAHL 0.1 M9 acetic acidell 0.03% F%=Z =21 collagen & 5
mLE THEY] Ostwald-Fenske H=7AlE o883t} Collagene] WA 2%
(To)= ST 7o vl &o] =79 wolH &= A= sFith

2.13. FT-IR £4

FT-IR (Fourier transform infrared) spectrophotometer (Brooker IFS 88,
Germany)Z ©] &3] 600%-E] 4000 cm'7HA] 2 em'9] data acquisition rate
2 goyo] \BER AHA=ZHE FE8F collagen?} SAEER] 3 (calf
skin) collagen®] 5/d& - &olH ATt Curve fitting=> peakfit software (SPSS
nc., Chicago, IL, USA)E ©]&3ko] LER UL

BE A2 33 wHEse] )X S, one-way analysis of variance®l] 9]
A 453N 2™, Duncan's multiple range test (a=0.05)5 AF&-3}e] -2

= 95% (P<0.05)°1 A 92 AES AAsAT.
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1. Gelatin®] & A3 % 7T EA

1.1. Gelatin <9 %3}
1.1.1. Gelatin <9 EA41% &4

TAFAAAG Yol ot YW (independent variable)=+= NaOH -&

T (X1,%), NaOH HZAIZF (X, days), 9FFEF 25 (5:,°0) 2 F& A

4

b (Xa, hrs)S, T4 (dependent variable)Z %= 2 7%= (Y;, Bloom) %

gelatin &% (%)= AEste A Axzds SdHaeAn 2 Fee

gelatin® 7Hg ti3E 2 =874 SAHACRE gelatin® FHE= FFote 24
o]7] W&o, gelatin FFL TEE & F U7 #HEol THEHFEA A
AEAt FARE AGgHA ofst AF 71 3 RS Table 3o e}

Yth NaOHS %9 F+e 1-3%7H4 0.5%9 B9 = Astg o, A

A TS 1541374 SEAI 7S] HE R AT FEE =S 40-80°C

A3 FsS Table 40 YElRATE o] AxE wg o kR
HE A (response surface methodology)s ©]-83}¢] gelatin &2 H 4%
& Fota AEgst vk 22 (response surface model)S -3+t
(Table 7). 5 LA (X1, Xo, Xz, Xo), OV &S (X1, Xoz, Xs3, Xag) B 2L2F O
He BE AT FodS Fgstr] fsto] testatistict 24zl Ed S
=74 Z Table 59 60l EFHATE 2E o] AL =& FA (p <0.01)S
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Table 5. Estimated coefficients of the fitted quadratic polynomial
equation for the response of Y; (gel strength, Bloom)
based on #-statistic

Parameter Standard

Parameter estimate eror T - value P - value

Intercept 397.3333 12.6076 31.52 0.0001
Xi -27.0417 4.4575 -6.07 0.0001
X2 -17.2917 4.4575 -3.88 0.0022
X3 -25.6250 4.4575 -5.75 0.0001
X4 -11.9583 4.4575 -2.68 0.0199
X1X4 -45.5104 4.7284 -9.63 0.0001
X1 X2 0.4375 5.4592 0.08 0.9374
X1X3 5.8125 5.4592 1.06 0.3080
X1 Xa 5.6875 5.4592 1.04 0.3180
Xo X -61.6354 4.7278 -13.04 0.0001
X2X3 3.8125 5.4592 0.70 0.4983
XoXa 4.6875 5.4592 0.86 0.4074
X3X3 -69.2604 4.7278 -14.65 0.0001
XXy -17.4375 5.4592 -3.19 0.0077
XaXa -50.3854 5.7278 -10.66 0.0001

Xi, concentration of NaOH, %; X, treatment time, days; X3, extraction
temperatiure, ‘C; Xj, hydrolysis time, hrs.
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Table 6. Estimated coefficients of the fitted quadratic polynomial
equation for the response of Y (gelatin content, %)
based on #statistic

Parameter Pare?meter Standard T-value P-value
estimate error

Intercept 90.3000 0.1917 471.13 0.0001
Xi -0.4375 0.0678 -6.46 0.0001
Xz 0.0458 0.0678 0.68 0.5116
X; -1.3292 0.0678 -19.61 0.0001
X -0.4792 0.0678 -7.07 0.0001
XiXa -1.6156 0.0719 -22.48 0.0001
X1 Xz -0.1688 0.0830 -2.03 0.0648
X1 X3 -0.1188 0.0830 -1.43 0.1780
X1 X4 -0.1438 0.0830 -1.73 0.1089
XoX; -2.2781 0.0719 -31.70 0.0001
X2X3 -0.0063 0.0830 -0.08 0.9412
X2X4 0.0938 0.0830 1.13 0.2807
X3 X3 -1.3656 0.0719 -19.00 0.0001
XXy 0.0938 0.0830 1.13 0.2807
XaXy -1.2656 0.0719 -17.61 0.0001

Xi, concentration of NaOH, %; X,, treatment time, days; Xj, extraction
temperatiure, ‘C; Xi, hydrolysis time, hrs.
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94 (p>0.05)°] YEFFA] k). 18] 31, Y, (gelatin content, %)2] X,
ojde] AP HA ko, the 1232 BF Fojd o] YW S5
A v By, o AAASF R)S ghol BT 097 o] o wjg A v
St E3E PovalueZt 0.01 EUh Srol o4 99%c A REA o] {24
o] A= HoE UEWth ol F&d duAdFES Fate] APl
AAA ez o] Folxl7] WSl Aew AT

Analysis of variance (ANOVA)Oﬂ o] ®mdAe EAA FoA

(statistical significance)= 3 7FstAth. + TEHWT A A% (Y1) R gelatin

nol'

Fg ()9 ¥h& RES5 ANOVAE 3| Table 129 130 Aw &ttt
TEWF (1 ol BE wAFE 95%2] oA 24 (P = 0.1204
¢ P = 0.1102) YEMWA _gFtot v Aa) (X, Xo, X, X)), o1 A& (X0,
Xop, Xs3, Xgg) 18] 3L HE regression RS 99%9] =2 oA o4
S YER AT

. Gelatin <9 & 33}

-
=
%Y

T EEus A R (Y) D ogelatin B (L)l EHW o H A
Z7 S Table 100U EFHAE. F FTHFH G oiet HAH A s

o] Ae] fAlele] gelatin®] HA AXZASL F EEWSo HFgpoR
TotAth AbEE 55 A4 gelatin®] HA 3 =

1.89%, NaOH A2 A 7t ()= 2.93 days, @533 2% (X)E 56.61°C,
= A7 (X)L 4.69 hrs &2 VgL 59

L

=
AAEE FHEAF] AU A FE (Y)E 406 Bloom, gelatin $haF
(Y= 90.7%cllem, HAAl HAFS sids 4 2 A= ()= 402
Bloom, gelatin 33 (Y2)<= 90.6%= o=+ Hdgtd & Zol& e
2] 29kl (Table 11).
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Table 7. Response surface model for processing conditions of gelatin from yellowfin tuna

(Thunnus albacares) abdominal skin

Responses Quadratic polynomial model R P-value

Gel strength Y, =397.333 - 27.042X; - 17.292X; - 25.625X; - 11.958X, -

2 2 2 2 0.9720 0.0001
(Bloom) 45.510X:" - 61.635X>" - 69.260X5" - 50.385X4" - 17.438X3X4

Gelatin content Y, = 90.300 - 0.438X; - 1.329X; - 0.479X, - 1.616X;°- 2.278X,

0.9930  0.0001
(%) - 1.366X:> - 1.265X,°

X1, concentration of NaOH, % ; X;, treatment time, days; X;, extraction temperatiure, °C; Xi, hydrolysis time, hrs.






Table 8. Analysis of variance (ANOVA) for response of the
dependent variable (Y;, gel strength)

Sources DF SS MS F-value P-value

Regression

Linear 4 43,918.00 1,097.50 23.02 0.0001

Quadratic 4 148,269.00  37,067.25 77.73 0.0001

Cross-product 6 6,510.38 1,085.06 2.28 0.1063

Total model 14 198,697.00 14,192.64 29.76 0.0001
Residual

Lack of fit 10 5,703.58 570.36 61.11 0.0162

Pure emor 2 18.67 9.33 - -

Total error 12 5,722.25 476.85 - -
Total 26 204,419.25 14,669.49 -
Factors

Xi 5 62,797.00 12,559.00 26.34 0.0001

X; 5 88,807.00 17,761.00 37.25 0.0001

Xz 5 123,734.00 24,747.00 51.90 0.0001

X4 5 63,325.00 12,665.00 26.56 0.0001

DF, Degrees of Freedom; SS, Sum of Square, MS, Mean Square; X;, concentration

of NaOH, % ; X,

hydrolysis time, hrs

treatment time,
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Table 9. Analysis of variance (ANOVA) for response of the

dependent variable (Y2, gelatin content)

Sources DF SS MS F-value  P-value

Regression

Linear 4 52.56 13.14 119.22 0.0001

Quadratic 4 133.47 33.37 302.76 0.0001

Cross-product 6 1.29 0.22 1.96 0.1519

Total model 14 187.32 46.73 121.40 0.0001
Residual

Lack of fit 10 1.24 0.12 3.1 0.24

Pure emor 2 0.08 0.04 - -

Total error 12 1.32 0.11 - -
Total 26 188.64 46.84 - -
Factors

X 5 61.29 12.26 111.23 0.0001

X; 5 111.36 22.27 202.10 0.0001

Xz 5 82.55 16.51 149.81 0.0001

X4 5 40.29 8.06 73.12 0.0001

DF, Degrees of Freedom; SS, Sum of Square, MS, Mean Square; Xj, concentration
of NaOH, % ; X, treatment time, days; Xz, extraction temperatiure, °C; X,
hydrolysis time, hrs.
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Table 10. Optimal conditions of gelatin processing from yellowfin

tuna (Thunnus albacares) abdominal skin

Dependent Independent Critical value Predicted Stationary

variables variables Coded Uncoded value point

X -0.317 1.84
Y1 X, -0.151 2.85
(gel strength, 406.0 Maximum
Bloom) e -0.188 58.12
X -0.111 478
X -0.109 1.95
Yz X, 0.011 3.01
(gelatin content, 90.70 Maximum
%) X -0.489 55.11
X -0.201 4.60
X -0.213 1.89
Average of X» -0.070 2.93
Y1 and Y; Xs -0.339 56.61
X -0.156 4.69

X1, concentration of NaOH, % ; X;, treatment time, days; Xz, extraction
temperatiure, °C; X;, hydrolysis time, hrs.
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Table 11. Experimental and predicted results of verification under

optimized conditions

: Predicted Experimental
Dependent variables
value value
Y: (gel strength, Bloom) 406.0 402.410.4
Y. (gelatin content, %) 90.7 90.6%0.1

Optimized conditions. : 1.9% NaOH concentration, 2.9 days treatment time,
56°C extraction temperature,-4.7 hrs ‘extraction time
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S 14%A T

ool BEHEAA gelatindg 7 FFY X5 E gelatin®] U HEA
pHE Plaldto] Table 13 WebSAT. ool 5712 gelatin®] &
F (8%)2 $-3] (bovine skin)¢} =3 (porcine skin) gelatin® o} StA e}
Sou, & AolE HolA @t gude], ¢33 B =39 Zuuo
2> 77y 90.4%, 90.6% 1213l 90.7%= ZFZF YEFSTE Gelatin®] V= E%
of w=H, 23F (gelatin, FCC, 1994)3} <] ¢FE (gelatin, USP XXIII NF
18, 1994)°] Hdf 32T F> 424 3%S 2%tk FuEo] HEpA

gelatin®] 3|3 FE 083%= ol SHAA KT w3kt Sigmaile] -9

A
_\7:1

o
ot

==

M

gelatin (type B)2}  pH W= 5.0-7.5, =3 gelatin (type A)el pH H9+
3.8-5.52 WMol slon, Zodgd et §-3 9 =9 gelatin®] A
pHE ZH7} 599 470108, Sdopgo] HERAA gelatin®] pHE 730=
eIl o)== §-3] gelatin®] ¥ 9ol ZgE o] % o,

1.2.2. opH =2 24

goige] 5 A gelatin®] obv| k=it S 3¢} =3 gelatin?} H] WL
SFo] Table 14| YEFHSITE LRI O 2 gelatin®] oF V| =44 2 wjgd 2
glycine (Gly), proline (Pro) ¥ hydroxyproline (Hyp)®] @2 o=z -4 5o
Ao, Gly-Pro-Hyp® %7} WrEH= SAS 743 vk olu imino
acid ¢! proline?} hydroxyproline®] &AF7ZUl 9 X & gelatin®] &4 <A
& Fostm=E Gly-Pro-Hyp T7x9 F3 30| collagene] @4 <HgAql
FEFS A= FH 220 F sttoltt (Burjandze, 2000; Ledward 1986).
T3t Ledward (1986)% pyrrolidine ¥ imino acid®] F3&#o] gelatin® <74
A3t BEo] ot B skl ™, Arnesen & Gildberg (2002)% ©] 7 (fish)

gelatine> 574 X f5E 8 gelatind} ofn|=4te] H| &o] ThEH, o=
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Table 12. Proximate composition of yellowfin tuna (7Thunnus

albacares) abdominal skin

Contents (%)

Constituents
Abdominal skin of yellowfin tuna
Moisture 57.3
Crude lipid (16(;?1 y
Crude ash (g'.g)a
Crude protein (23'_;)61
Collagen (;:..2)"‘

* Numbers in parenthesis mean values on dry basis.
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Table 13. Proximate composition and pH of yellowfin tuna
(Thunnus albacares) abdominal skin, bovine and

porcine skin gelatins

Gelatin source

Constituents
Yellowfin tuna Bovine Porcine
Moisture (%) 8.0x0.4 8.910.1 8.5%0.3
Crude lipid (%) 0.7+0.2 0.210.2 0.910.1
Crude ash (%) 0.2+0.3 0.910.2 0.510.2
Crude protein (%) 91.710.2 90.6%0.2 90.910.2
pH 7.3 5.9 4.7
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Table 14. Amino acid composition of yellowfin tuna (7hunnus
albacares) abdominal skin, bovine and porcine skin

gelatins (%
Gelatin source
Amino acids

Yellowfin tuna Bovine Porcine
Hydroxyproline 9.46 10.29 10.32
Aspartic acid 5.69 5.78 5.64
Threonine 3.35 1.67 1.79
Serine 3.97 3.41 3.34
Glutamic acid 11.07 10.41 10.45
Proline 13.47 15.47 15.82
Glycine 25.48 23.56 23.37
Alanine 11.14 8.92 8.97
Valine 229 223 229
Isoleucine 1.23 1.18 1.14
Leucine 2,76 2.88 2.85
Tyrosine 0.49 0.74 0.79
Phenylalanine 2.29 2.48 2.23
Histidine 1.23 1.27 1.24
Lysine 3.67 3.52 3.58
Arginine 9.14 7.83 7.94
Imino acids® 22.93 25.76 26.14

* Imino acids mean proline and hydroxyproline.
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7 gelatin> X5 gelatino] Y]3] %2 imino acid (Pro
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2t SDS-PAGEE ©]&3to] Aletglom, S92 5E 33 type I collagen
3} Hlwsto] band®] HH-S WEFHATE (Fig. 7). ERPH S = gelatin®] A
Al 3 % o]F collagen> ai-¥ ai-chains (HEF 2:19] H]E), B
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crosslinked trimer)= ©] F 4 It} (Giraud-Guille et al., 2000). Chang et al.
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o) Wape 7h2)k 93, 93,0186 2 279 kDa A & o]t}
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el e Aoz YEYT BFH SigmaAle) bovine gelatine 3] a
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skin, bovine and porcine ski: gelatins. The 5 mg/mL of gelatin
solution, 4% stacking gel and 5% resolving gel were used for
electrophoretic analysis. In order to compare molecular weight
of sample gelatins, bovine skin type I collagen was used as
mobility makers of & -chains, 5- and 7 -components. A, type
I collagen from bovine skin; B, bovine skin gelatin; C, porcine
skin gelatin; D, yellowfin tuna skin gelatin.
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Gelatin® Y¥bH o=z A PAPAZ ALGH7] vt A X gelatin®]
- Fa3 ZeA Ad T srpolH, AR O R o F gelatino] EF-5
& gelatinol] H|3| @& A FEE T 53] gelatin® =% A A
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A= Ao Z HiHAT (Gudmundsson & Hafsteinsson, 1997).
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J = Z+7ZF 216 Bloom, 295 Bloom& 2 LlElykom ) A& 2719 A 7
% (225 Bloom, 300 Bloom)®} H]<s8}Al WERRETE. Choi & Regenstein (2000)
of 93] ZAHHAX A Zxe] wmEM, oF gelatin> +=3]| gelatin (300
Bloom) ®tf w2 A FES YEUH. & Al w=d, gugo] &

B4 gelatin®] 2 = 402 BloomSe 2 =S A ZEZ vl ¢

T gelatin 3782 Frpsro] HERA A gelatine 90.6%, X s & gelatin
%3 90.1%, =3 90.7%= Bl ghERFe T et mEks SRR
2 gelatin®l] Hl]E] A Ao @ LENA o]Fox]= GdHE HEET F
U AT7F ol Foxint grupste] ERAAL w& gelatn §F R ¢F
gt A AEE 2t 73 gelatin 9EE oA AZIH
1242. 55 A Z =9 W

Gelatin®] =7} A 7 %ol v A= FeFS LdolH 7] 93l 0.5~6.67% -7l
Meed A s SAsR oY, 9 3 =9 gelatin?} B w5kt 7°Ce
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Table 15. Comparison with gel strength of yellowfin tuna (7hunnus

albacares) abdominal skin, bovine and porcine skin

gelatins
Gelatin source
Yellowfin tuna Bovine Porcine
Gel strength (Bloom) 402%3.2 216%2.2 295%1.9
Gelatin content (%) 90.6%0.2 90.1£0.1 90.7+0.1
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Fig. 8. Changes of gel strength as affected by the gelatin
concentration. Gelatin solutions were prepared at 60°C,

and gelatin gels were matured at 7°C for 17 hrs.
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Fig. 9. Changes of the gel strength as affected by the
maturation time. Gelatin solutions were prepared with
6.67% (w/v) concentration at 60°C, and gelatin gels
were matured at 7°C for 2-16 hrs.
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Fig. 10. Changes of gel strength as affected by heat treatment
of 6.67% (w/v) gelatin solutions. Gelatin solutions
were heated at 70-100°C for 1-2 hrs, and then,
gelatin gels were matured at 7°C for 17 hrs.

_48_



500 o .
BN 3 freezing
2" freezing
400 ) freezing
E B non-freezing
=
=
B 300
=
~—
=1
S
= 200
7]
)
&)
100
0
Yellowfin tuna = | Bovine Porcine

Fig. 11. Changes of gel strength as affected by freeze treatment
of 6.67% (w/v) gelatin solution. Gelatin solutions were
frozen at -20°C for 10 hrs, and then gelatin gels were
matured at 7°C for 17 hrs. Freezing and measurement

were repeated 3 times.
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Table 16. Comparison with gelling (melting) point of yellowfin tuna
(Thunnus albacares) abdominal skin, bovine and porcine

skin gelatins
Gelatin source
Yellowfin tuna Bovine Porcine
Gelling point (°C) 18.8 23.8 25.6
Melting point (°C) 24.0 33.8 36.5
Gelatin content (%) 90.6£0.2 90.1£0.1 90.7£0.1
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Aomw, o] o] &H7t WolA = AL 9n|dt} (Gilsenan & Ross-Murphy,
2000; Choi & Regenstein, 2000; Gudmundsson, 2002). Gudmundsson (2002)<]
Aol SAHE 59 2 =99 A FYH2 747 22.6°C, 247°CE = 4
T Aol H=3h FES BAAT Wb m=4e) Ae= vy 32 £
7} Zk7} 33.8°C, 36.5°CE Gudmundsson®] 47 23 (29.7°C 2 32.3°C)H.th
= et ols & dAgrellA e 7HE SR 0.5°C/min® - Gudmudson €]
0.1°C/min°] ®J& £8k7] W&l A= oAXIG. Frpgto] &R A

gelatin®] 2 PFAAAH Z+=4 247 18.8°C H 24.0°CE

h!
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| vla] w$ A el o] s AEe trE ol F Y gelatind} FrAF
atw, 53] 2t o 79 tilapiat M5 AES Hol Ao R UEY

(Gilsenan & Ross-Murphy, 2000; Gudmundsson, 2002). ]+ gelatin®] 79,

2

AREH o2 F4EE gelatindl Hla] 2T GHR] B Aol vadH, o=
2 imino acid®] ¥ wWlE<Qd How FATHET} (Gilsenan & Ross-Murphy,
2000).

1.2.6. &4 £4

€ (viscoelastic parameter)< 234 (cooling, 40—5°C)¥ 7} A
(heating, 5—40°C) /1= Y¥ o] 0.5°C/mime] 522 2EWSE Fo] &
Attt Fig. 12, Fig. 13 % Fig. 4% oo 545 A4, 93 9 =5
gelatin®] elastic modulus (G', kPa), loss modulus (G", kPa) 3 phase angle
(rad)E Z+Z} YEF QLT Elastic modulus (G', kPa)2} loss modulus (G", kPa)
+ gelatin® 2 A5 =S e, phase angle (rad)> W3 E e
ok ool BH AA gelatine 7ME- Y2ty R 5o A elastic modulus
(GY%} loss modulus (GM)&= F T SEEFEE gelatin® ot A e

o W73 F doto] 55 A4 E gelatin®] elastic modulus (G')© 10°C
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Fig. 12. Evolution of the elastic modulus (G', kPa)
during cooling (A: 40°C-5°C) and heating (B:
5°C-40°C) of gelatin solutions. A cooling and
heating rate was 0.5°C/min, and a 6.67% (w/v)

gelatin solution was used.
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Fig. 13. Evolution of the loss modulus (G", kPa) during
cooling (A : 40°C-5°C) and heating (B : 5°C40°C)
of gelatin solutions. A cooling and heating rate
was 0.5°C/min, and a 6.67% (w/v) gelatin

solution was used.
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Fig. 14. Evolution of the phase angle (rad) during cooling
(A: 40°C-5°C) and heating (B: 5°C-40°C) of
gelatin solutions. A cooling and heating rate was
0.5°C/min, and a 6.67% (w/v) gelatin solution

was used.
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Fig. 15. Evolution of the elastic modulus (G', kPa) as
a function of time at constant temperature
20 and 10°C). A 6.67% (w/v) gelatin

solution was used.
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Wtk =2 AAAT B feAdo]l e A2 AuAES T3 T H

HeE A7 o

h!

Ql Aoz o AZIT} Analysis of variance (ANOVA) &
Aol ofa) 23 v el Ao FAA FodS H7lskth. ANOVA #
A 58 FEHHF WE Y (vield,%)d wHS ol Fo4-S Table 19
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Table 17. Estimated coefficients of the fitted quadratic polynomial
equation for the response of Y (yield, %) based on

t-statistic
Parameter Pare?meter Standard T-value P-value
estimate error

Intercept 33.066667 0.438009 75.49 0.0001
Xi 0.441667 0.154860 2.85 0.0146
X2 -0.200000 0.154860 -1.29 0.2209
X3 -0.358333 0.154860 -2.31 0.0392
X -0.100000 0.154860 -0.65 0.5306
XX, -2.912500 0.164253 -17.73 0.0001
X1 Xz -0.425000 0.189663 -2.24 0.0447
X1 X3 0.087500 0.189663 0.46 0.6528
X1 X4 0.112500 0.189663 0.59 0.5641
X2X>2 -2.975000 0.164253 -18.11 0.0001
X2 X3 -0.112500 0.189663 -0.59 0.56641
X2 X, 0.212500 0.189663 1.12 0.2845
X3X3 -2.800000 0.164253 -17.05 0.0001
XaX, -0.325000 0.189663 -1.71 0.1123
XuXas -2.537500 0.164253 -15.45 0.0001

Xi, concentration of NaOH, % ; X, treatment time, hrs; X3, additional
ratio of pepsin, ratio; Xj, hydrolysis time, hrs.
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Table 18. Response surface model for processing conditions of collagen from

yellowfin tuna (7hunnus albacares) abdominal skin.

Responses Quadratic polynomial model R P-value

Collagen Yield Y = 33.067 + 0.442X; - 0.358X, - 2.913X;” -
0.9809 0.0001
(%) 0.425X:X> - 2.975X;% - 2.800X5> - 2.538X,°

X1, concentration of NaOH, %3 X;, treatment time, hrs; X3, additional ratio of pepsin, ratio; X,
hydrolysis time, hrs.
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Table 19. Analysis of variance (ANOVA) for response of the
dependent variable (Y, Contents, %)

Sources DF SS MS F-value P-value
Regression
Linear 4 8.963333 0.0248 3.89 0.0298
Quadratic 4 339.586667 0.9399 147.50 0.0001
Cross-product 6 5.830000 0.0161 1.69 0.2071
Total model 14 708.760000 0.9808.  197.06 0.0001
Residual
Lack of fit 10 6.860000 0.6860 29.40 0.0333
Pure error 2 0.046667 0.0233 - -
Total error 12 6.906667 0.5755 - -
Total 26 27.506668 1.2848 -
Factors
Xi 5 188.86000 37.77200 65.63  <0.0001
X; 5 193.58833 38.71767 67.27  <0.0001
X 5 172.35000 34.47000 59.89  <0.0001
X, 5 140.21833 28.04367 48.72  <0.0001

DF, Degrees of Freedom; SS, Sum of Square; MS, Mean Square X,
concentration of NaOH, %; X;, treatment time, hrs; X, additional ratio
of pepsin, ratio; X, hydrolysis time, hrs.
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T (N)E95%°] o] FEolA Aol folido] LERIT (Table 19).

2.1.2. Collagen A=< 7 3}
goato] BH7 A collagene] H A Azz7

g% (CCD, Box, & Wilson, 1951)°] ol&] FA3S A3tk NaOHS &

rulo
&1:
N
Ho
:(!)L_“
ol
>,
e
oX,
X,

= (09 N, X)), NaOH®] A AIZF (24 hrs, Xp), A ]

X;), A8 ARE (24 hrs, Xy) 4708 SR¥ESR YEUdew, SA% 2
Wl du ddS Fstol ASAT (Table 1).

WS- HEA A3 UEhd HA 2o Ao Bk (coded value)d A A
%X (uncoded value)= Table 20°] YEMSITE SAS == 1319 RSREG
procedure 2 ¥}oll o), A&z e] If gk (eigen-value)E 0] = TEM A
dreor FHuAE detdigdd. dude]l B5F A o] 83k collagen A
2 A HA 20d wo] BFEge X = 0.07, X = -0.03, X3 = 0.06 &L

% (1:10 ratios,

X,y = -0.01%2 YESTE 5 NaOH Azl Al 5% (X)E 05 N, AGAF (%)
2 362 hrs, 4 A7 A &% (X3)i= 1:4.9 ratio (83%, wiv), 7FF&3] A
(X2) 48.1 hrs donll HA #=&8 Hol= Z o= LENLTH (Table 20).
PSR A oo =@M AE8A= B¢ dE = collagen®]
& (Y, yield, %)< 33.09%= YEG o™, HAAl A3 Ay 323%= o4
A BTl oF 0.8% SHA vgko) & o]l Kol ¢EQkt) (Table 21).

Fig. 16 S8¥T (X, X, X5, X)7F THHFE (Do vA= IFS

e

a9

Maple software (Maple 7. Waterloo Maple Inc., Canada)E ©]-83}o] 329 1
Bz e Ath Collagen Al T4 T23 JFS A= 8do=
= A &2y AEet 24 AY F AR AAAY. wE e A
2ol A= NaOHO| 5= (Xi, N), AZAIZE (X, hrs)= = H
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Table 20. Optimal conditions of collagen processing from yellowfin
tuna (Thunnus albacares) abdominal skin

Critical value
Dependent Independent Predicted Stationary

variable variable value point
coded ' uncoded

X4 0.07 0.5
X2 -0.03 36.2
Y 33.09 Maximum
X3 -0.06 1:4.9
) -0.01 48.1

Xi, concentration of NaOH, % ; X;, treatment time, hrs; X;, additional
ratio of pepsin, ratio; Xj, hydrolysis time, hrs.
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Table 21. Experimental and predicted results of verification under

optimized conditions

Predicted Experimental
Dependent variables %
value value
Y (collagen content, %) 33.09 32.3+0.2

Optimized conditions : 0.5 N.NaOH concentration, .36.2 ‘hrs treatment time,
1:4.9 (83%, w/v) additional ratio of pepsin,-48.1 hrs extraction time
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T4 A NeE 249 FE (X, ratios) A AZF (X, hrs)S S WS
2 3t ages vegd oz Oy HYagde e 2
ol A A Za Vel ALY EAwEe AYAre] FEAAE
e ATt (Fig. 16). F70e 83w a8 Ts % K3 gko] 0o 717
T5 TEHF collagen TE& (%)< =okAE FOE UEYoHW, 4719
factor & X; (NaOHS| &%, N)o| 7} =& JFH S vA= HAoZE e
Sk X; (P19 F %, ratios) 3 B2 JEgS vA= o= YEg oL

1>}
Fago] 004 22 A T A9 58 %o TS AA vAE AL

f
v
rlu
o
odk
o
H
Flr
P
|o
b
2,
)
™
=
=
i)
>,
o

S,
=3
[0)e]

[¢]

on}

2
BN
>,
N
X
o
ol

2.2, ool ER A collagend 715 54
2.2.1. obu| =k A
Collagen®] o}n] =2k A2 Gly-Y-X #jgo] HEEE o] glom o]52 3

T YAF2E ol F i3l =8 Gly-X-Y7} Gly-Pro-Hyp¥ @ hydroxylproline

2

7] & pyrrolidine ring®] hydroxyl group®] ©]3ll collagen 3% WA %9 &

2

A& = Ft+ (Johnston-Banks, 1990). H=3F hydroxyproline®] 3=

¢

collagen® ZHH Frs= Agtdel Fo3 7[ed F4A #

oft
o,

s
o

(theological properties)¥ 2 Z %= So Q3 G3FS v|x, ghako]
T F& EAS 7MY ¥E AT (Gilsenan & Ross-Murphy, 2000
Gomez-Guillén et al., 2002). ™2}A Imimo acid{! proline, hydroxyproline 7t
71¢] gk collagendll S1olA wi-¢- T astrial & ¢ vt

& Adel AFgE -] (calf skin)et FriEo] 55 A collagen] o}yl
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Fig. 16. Response surface plots for optimization of collagen
extraction from abdominal skin of yellowfin tuna

(Thunnus albacares).
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Table 22. Amino acid composition of collagens from yellowfin
tuna (7hunnus albacares) abdominal skin and calf skin

Collagen Type

Amino acids
Yellowfin tuna (%) Calf skin (%)

Hydroxyproline 8.8 9.9
Aspartic acid 6.0 6.8
Threonine 3.2 2.0
Serine 3.8 3.5
Glutamic acid 9.8 10.9
Proline 12.2 11.7
Glycine 25.3 241
Alanine 8.7 7.8
Valine 2.6 2.8
Isoleucine 1.0 1.7
Leucine 25 3.3
Tyrosine 0.3 0.6
Phenylalanine 21 24
Histidine 3.6 11
Lysine 1.5 4.0
Arginine 8.4 7.3
Cysteine 0.2 0.1
Imino acids® 21.0 21.6

Total 100.0 100.0

* Imino acids mean proline and hydroxyproline.
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w=AF 22X A 7S Table 220 HER AT

3 (calf skin)e} Frisro] EHHE A A collagen® glycine (Gly)Zt7] 3k
= 27 24.1%, 253%%= 7 =7 WEEth Hydroxyproline 332 53]
(calf skin) collagen®] 7% 9.9%= YElgom, 3opgfo]l EXF A collagen
o] A%+ 88%% $3 (calf skin) collageno] ¥ &S et
Proline X7]& -3 (calf skin) collagen¥} &thato] HF A collagen©] 7t
7 11.7%%F 122%= ool 55 A A collagend] o] 2w =A
Ebwtth. 939 (calf skin)9} &FoiEo] EHE AA collagen®] imino acid?!
hydroxyproline®} proline®] &% ZF7Zk 21.6%, 21.0% = S¥s= 3
collagen Bt} vrAl YElL, & F4F AE 8 collagen® & 4ES o

EFU 2t} (Jongjareonrak et al.,-2005; Ikoma et al., 2003).

2.22. 1719 % (SDS-PAGE) 54
SDS-PAGES 53] & fyellA A&k o] 547 A3 collagen (B)
Fig. 17¢] wlaste] 1}

filo

¥} -3 (calf 'skin) collagen (A)S] 7|95 HE
B ATt

3 (calf skin)S.ZH-E AL collagen=-type 1 224  FI1e a
-chain (ai- 3 a»-, 2:1¢ w]&), B-component % 7 -componentZ -4 % o]
ATH (Giraud-guille et al., 2000). WFH 2 Ao A A F3k FFrigho] HH
A4 collagen & A] marker protein® = ©] &% 3] (calf skin) collagen¥} 7+

2 Fdo=z F/9 a-chain (ai- ¥ a» )@ G- 2 ¥ -components’} LE}

o
s

o2 FAb JhE ks £3to] A %3 collagend H719% HES
A3 B, 3159 (mackerel) collagen 342 a-bandE P om, o]

’Jo] (bulhead shark) ¥ 5°] (Japanese sea-bass)i= + 79| a-bandE 7
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Fig. 17. SDS-PAGE pattems of collagen from yellowfin tuna (7hunnus
albacares) abdominal and calf skin. The 5.0 mg/mL of
sample solution, 4% stacking gel and 5% resolving gel
were used for electrophoretic analysis. Calf skin type 1
collagen was used as mobility makers of a-chains, S
and 7 -components. A, type I collagen from calf skin; B,
collagen from abdominal skin of yellowfin tuna (Thunnus

albacares).
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govt a-band7} I WAl YEFRETE (Nagai & Suzuki, 2000). 23}
Muyonga et al. (2004a)9] nile percholl gt Aol o]stH Srfeo] HE
A2 gelatin?} v}FR7FA 2 a-chain (a3 a,)¥ B- £ 7- componentsE

e 7 &= skl

2.23. FT-IR 29 EY 54

gogol BE AA collagen?} -3 (calf skin) collageni}2] FT-IR
(Fourier transform infrared) spectra® Fig. 189 YEFH AT} Spectrumol A 1
Eld amide A, I, I % 119 992 polypeptidee} Fejo} Aoz o
o] gJom, amide B 9 92| peak= CH,9| streching vibrations YEFHTE
Amide A 49 (3200-3600 cm )] peak 'band:= N-H stretching vibration®} ¥
#o] 9lth. Amide I &9 (1600-1800 cm™)e] peak bandi= peptide®] carbonyl
group®| stretching vibrations ¥} ¥&H o] glowm thwid o] 2z Fx &5 Yol
= g 88k A olg® k. T3 amide I 99 (1300-1600 cm™)2] peak
band+ N-H bending ¥ C-N stretching® ¥+l o] 1 2w, amide I (600-1300
em )92l H ) peak bandi= C-N stretching@} N-Holl €& 4] eb}n,
collagen®] 35 Y29} d=le] 9t} (Muyonga et al., 2004b; Jakobsen et
al., 1983). Muyonga et al. (2004b)°] Ao w2, X]o] nile perch® A4
collagen® 749 Z}7Fe] amide 99 (A, 1, I % IS 3434, 1650, 1542%}
1235 cm'ol A A peak’} VEFSEOH, Aol nile perch 7 A collagen?
amide &39S Z}z} 3458, 1654, 15559 1238 cm ' oA Z}7}9 peak”’} Y€}
ok 2 Aol 3 (calf skin)¢t Sriero] ER A A collagen®] amide
A, I, I 2 I 999 H peak band:= Z+7} 3433 cm’, 3437 cm’
(amide A), 1659 cm”, 1661 cm’ (amide 1), 1549 cm’, 1550 cm’ (amide
) 223 1240 cm’, 1236 cm’ (amide M) H] <23+ 9}l A peak band
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Fig. 18. FT-IR spectra of collagen from yellowfin tuna (7hunnus
albacares) abdominal skin and calf skin. The Region was
amide A (3200-3600cm’), amide B (2500-3200cm’), amide

I (1600-1800cm™), amide II (3200-3600cm”) and amide III
(3200-3600cm™).
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S YeER T (Fig. 18).

2.2.4. Collagend] J = 54
0.03% (w/v) &=°] Fvhdo] 553 A collagens 0.1 M 552 acetic
acid & xo] % (viscosity)E S5t (Fig. 19). Collagen &9
adte A%S UEdod,
3-50°Ce] W= Haso]l @k a9 dAg A= collagen®
T2 TAA 4 Age] Aoy il (Wong, 1989), E=g]o] w}E collagen?]
MAL HeWsls doFlt) (Nagai et al, 1999; Nagai & Suzuki, 2000;
Nagai & Suzuki, 2002). Kittiphattanabawon et al. (2005)%] X 1o wW=1H,
bigeye snapper®] M (bone)2} ]3] (skin)ZH-E| collagens 7| x5l 8
o HA=E S8 ZA# 30°Ce olEZ|Z7A dASA FASR o,
35-50°Ce] ®HdM = Fago] Folrlas A= Ued, o= 2 A

o] Frleto] ER A collagen®] M= WIS H|=F H3FES YEUA

2.2.5. Collagen®] HAA2E (TS §A4
gopgol 55 A4 collagen?}t 93] (calf skin) collagen®] W% (Ty)
S 3435k Fig. 209 WEFH AT Collagen®] E A2 collagens AHY

i

o= $8% 49 F@ S4ol ¥ 4 Atk ol AR Bl
+ imino acid (proline + hydroxyproline) =¥ %= 212> o] 9t} ofF

collagen®] WA LSEE ¢olEW HAo]F{ (chum salmon) 19.4°C, X5
(saury) 23.0°C, 15 % (common mackerel) 26.9°C, =Jo]ito] (bullhead
shark) 25°C, “5°] (Japanese seabass) 30°C “1&] il 7}th&o] (skipjack) 29.7°C
Z B 3HAt}t (Nagai & Suzuki, 2000, Kimura et al., 1988).
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Fig. 19. Relative viscosity at different temperatures of the collagen

solution of yellowfin tuna (7hunnus albacares) abdominal
skin.

_72_



Fractional change

Fig. 20.

1.2

—&— Yellowfin tuna

1.0 |
-0+ Calf skin

04

0.2 |

0.0

15 20 25 30 35 40 45 50

Temperature (C)

Thermal denaturation curves: determined by measuring
the viscosities of yellowfin tuna (7hunnus albacares)
abdominal skin and calf skin collagen solutions in 0.1
M acetic acid. The incubation time at each temperature

was 4 hrs and collagen concentration was 0.06% .
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oA AR ool B3 A collagend WAAZEE 31°CE
E}tt Kimura et al. (1988)2] X ilof w=TH, 3] (calf skin)e] HAJ =
= 35°C= 3rato] 5 A4 collageno] WA 27} 4°C 7F=F A
ot o] ZobEto] o $-3] (calf skin) collagen®] o}m]=AF B2 Al el
imino acid®] = (21.0%, 21.6%)3 HlHst= A= UEerE. o)X o
Wb o2 offF -l collagen®] WALSE=E SAEE Fd9 collagenk T}
A debdn 3, SohEo] collagen®] WA 2= 5= collagen®]

HAA 2% (35°C) B v Zlo 2 YElyt) (Nagai & Suzuki, 2002).

A

i
o

it

o
Ho
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7bsd Grigo]l (yellowfin tuna) 54 A2

collagen¥} gelating 5% B Alxsb7] 9% A4 =de Fsta, H4 =4
o A A Z3% gelatin} collagens A5+ XEr5= gelatin (bovine gelatin,
porcine gelatin) 2 collagen (calf skin collagen)®] 4 2 H]ul -« 32 slo] 2]

F % JepFomAe offis e Augte.

1. goigo] B ZAAZRE gelatin A|£2] HHFAS Fa17] fste] +
At A gRel mhel 4742 =¥ (independent variable)E A7 8141
A A% (Vi Bloom) % gelatin | ¥ (V%)= THFW T (dependent

variable) = 4178 3te] WH-S-H W A3 (AARE AR, 47k SHwee] F

A A ZZALS NaOH 5% (X1) 1.89%, NaOH A A7 (X)) 293 o, &
FFEE 2% () 56.61°C, AFFE AT (X)) 4.69 ANFo 2 EREL

2. AtEE soigo] B A gelatin A2 HA3 oA dAaEHE
W0l Hgke A % (Y) 406 Bloom, gelatin 3 (Y1) 90.6%

oy, AtFH HAZAAA HAAl AFZA= A FE (Y) 402 Bloom,
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] §lste]l dsdl

Fo] B8 A dntdES SAY Ade TR 57.3%, 22 33.7%,

re
(12
¢t
ftlo
oft
:(x)L_‘,
2
BN
it
[0)e]
[N
8
=
Lo
ulfe
i
ftlo
K=
12
ol
ol
N

ZA 6.9%, Z3] % 6.8%°1A 2, gelatin®] AT collagene] 3

A4 AxR Frpege] ER A4A
gelatin®] YW B pHE SAT A= 7 8.0%, =T 91.7%, =
A 0.7%, 232 0.2%% o2 e Gelatin®] v= EET1 Aol
ok, 2% (Gelatin, FCC, 1994)¥ ©]°F# (Gelatin, USP XXIII NF 18,
1994)e] Hu I ETFF2-Z7 3% 2%0|n=, Frido] EHERZA
gelatin®] 3] &% (0.83%)> ol SHAIX| KT} wigkom, Zriglo] =
A4 gelatin> pHE 7322 93] gelatin®] Helo] ETHE o] Xt}

]

=
H
T

Cw AdE e AHzCA Az o] 55 A gelatindt A3

B

2
He §4 LfsE gelatin®l 7] (bovine skin)®} 3] (porcin skin)<]
=% 247 402 Bloom, 216 Bloom, 295 Bloom ¢l Z © % UEbuE
AWA o 7 o] (fish)e] 8] (skin)olA] FE38 gelatine 2t A A=
= Yetsd, gdgo] 258 744 gelatine V] 9 =3 gelatin K.t}

ZtzE 2wl 1.4v0¢] 73 A-JE S YERRSiE

o
ftlo

ool HE AA gelatine] gt A FFEo] A gelatin®] &

A5 el ofrlweat FAL BAG A, Fo ohulwste 74

rlo

glycine  25.48%, proline 13.47%, hydroxyproline 9.46%, alanine
11.14%, lysine 3.67% %S¢ Aoz vehytth ol¢t nluste] 93
gelatin®] o}v| =4k 42 glycine 23.56%, proline 15.47%, hydroxyproline
10.29%, alanine 8.92%, lysine 3.52%= , =3 gelatin®] o}v]=2F 442
glycine 23.37%, proline 15.87%, hydroxyproline 10.32%, alanine 8.97%,
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lysine 3.58%Z YEFSTE Gelatin®] 2 7%= 2 F3 ok Ao TS v
%= imino acidq! proline¥} hydroxyproline®] 3&2 ¥ 5= gelatin}i Th
gogo] 55 744 gelatino] w2 A o2 e WFA glycine, alanine
2 lysine> rieEo] HH AA gelatino] =2 IFS UEWorn=z
thgol B8R A gelatino] =2 A FEE AAE AL 2 Tk

glycine, alanine 12 3L lysine Wil oz ot}

Cgugel 55 A4, 59 2 =9 gelatin®] @WlE ZAFS dotru
#} SDS-PAGE ®41& shalvh @rpgol-&54% A3 gelatn 2 =9
gelatin> U2 3 (calf skin)] tyipe I collagen¥} H|=3F 3] 9]
band FHE YEFN O 93] gelatin>  B-component (& -chains®]
crosslinked dimer) % 7 <component (@ -chains®] crosslinked trimer) & B} &

e A= e

L Gorgol BER HAE gelatin®] =3 SAY GAAAS oty 9t
o &, 4N HEAE 2 FAAT e mE A FEe] ®igE A
3 Bl Gelatin “F=E (0.5~6.67%) 2 =S W= $y9 £y
gelatin®] A% 2 27 1%%Y ® 714 rheometerE ©] &3] =4 3}7]
e A2 wg ofe AS PSP o), doste] R A gelatin®
B A FE 1%IAE A AxE YERen, A w7t 1.5% °F
B 6.7%7b A s A BRI SUbskdv A A e i
st 99 B =9 gelatine 4 6AMHA] A AT Frbs o, &

Sgol B5 44 gelatin® 1047744 7k Z 0% teh dhaol

B gelatin®] Ha A AEE A7) eI E oA $A7I00] Ao
Ak 7ol o A F= Wl Sdrpeto] B8 74 gelatino] 21%2] 2
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10.

2 A5 HA F FF9 X5 E gelatinol] vl & hgAdo] sk Ao =
Uetsth s4e wE A Fewsts s Sl SUks wek o
& o] A4 gelatmTJr =3 gelatin t=F 13% 7FA3te] $-3] gelatin

w5 SEAl e, imino acid®] FHFel whel A FAH I H=F o]

HlEshs AS &4 5 ASdTR

ool BERAA gelatin® 2 A5 WS dolr 7] 9fst
HEd (viscoelastic parameter)= A8k T Soieto]l ER A A gelatin
2 7ty ztay 5o A elastic modulus (G)©} loss modulus (G")& F

T SHEFEE gelatinRTh Sl YE o™, 7FAAA F elastic
modulus (G")¢} loss modulus (G")= SHXEFEE gelatin®] FFopdo] &
F A4 gelatin® o} =4 BENST o] Y S50l AL
= gelatinolA] E=H= ZS Yu|doh. £ 2EWsl glo] 20°Cel A
elastic modulus®] =4 A} &vpde] SfH-gde] A5 Frhshs 4

of WA edgkont, 10°C Af-olA = Frdeo] 55 A gelatin]
3}

S

griefo] ER AAZHE collagen A% HHEHS F37] $18Ho]
FTARAAAGHA whet 4709 HHWHETY FTEHHFEA collagen®] T
& (vield,%)s d78ste] dv] A3s Ad3E ol &ste] WHExW 4



11.

12.

13.

S AAEAT 47bA SEwge] HA4 A3 NaOH A 25 %= 0.5
N, A7 362 Az, B4 A FE=H] 149 (83%, wiv), 7HEEF
AlZE 481 A W HA &S Hole o= YEy

WS HEA S Fall Aozl FHA 7oA o5+ collagen®] +&
(Y, yield, %) 33.09%= YEtstom, AA Az A= 323%= o4
A Bk oF 0.8% YA Ugtou F AolE WolA Stk 4709 =
AT T Xi (NaOHe FX%, N)o] 7MY =2 JdFH S vA= Ao=

LHERSE

A zollM Alx¥ collagen®| 7ls 542 3|7 A 3 (calf
skin)9} stohero] EHE A collagene) olv] A2 S EASH A §
9] (calf 'skin)®} Frigto] EH5 24 collagen®] glycine 7] 3h&Fe 2zt
Zk 24.1%, 253%% 7H& =A WESH. Hydroxyproline $& -
(calf skin) collagen®] 7% 9.9%= YENton, 3coigto] H3 77
collagen®] " 4 = 8.8%= 53] (calf skin) collagen®| =2 & FS e}

WAt Proline #7]+= 93] (calf skin) collagen®} 3fr}sto] HXH 74
collagen®] Z}7t 1117%3 12.2%% Goh=bol E5F A collagen®] 3

o] 2w =A uWEt%k

o] BE AA collagen®] FAFS dolr 7] 93 SDS-PAGE &

1%

St A3}, -3 (calf skin) collagen< type 1224 F71¢] a-chain (a
-2 as-, 2:19] 8]€)3 B -component, 7 -component= T4 %o Ao
H, & dAFolA Az Fridol 55 HA collagen A marker
protein®] $-3] (calf skin) collagen?} 72 F3<¢ F7012] a-chain (a -

I ar- )% B- 2 7 -components”} LEFRE
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14.

15.

16.

gtoheo] B35 ZAA collagen?t -3 (calf skin) collagens FT-IR spectra
5 543 A3, $39 (calf skin) collagen®] amide A, 1, I % I 9
9] FHUu] peak band= Z7Z} 3433, 1659, 1549, 2 1240 cm'o)glom, 3
theo] HR A collagend] HU peak band: 3437 cm’ (amide A),
1661 cm (amide 1), 1550 cm” (amide 1) 1236 em’ (amide IM)= H]
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