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Biochemical and physical properties of collagen extracted
from aquatic animals

k2 A5 RIRTELZR R FID FIEE A 5 E AR

Far  BARS
EORE AP RN Y SN
R EP PR TS SRS R RE/R LA TS P kR

Received 30 Aug. 2011; revised 04 Oct. 2011; accepted 10 Oct. 2011

## &
Fetfiasd o SR T 30%4Ed %
MEERE EEDA A e o WR 0 A

W R Fv
G SR

)
=k

Ik
oy

- fERERG TS 2841 1A R XXVILA] - A& 45 &
mig b2 HAE S BRI BT RS e A PR

e B RFd UL BT FE S RES S BB
kS ER SRR L NEFRFFLRYE > RERp RS
B R B 2 X 2RI 0 F ok A B ek ok A
KA B2 B R FLEFARRLIIBREM @ 7
AP RRE IR edTERR I 225 Tty
o doB BT g LR o ¥ b T E R R R0 2P YRR
FRBEFLLPER  BEFAREREARPT R ET RAEE

L%ﬁfaﬁﬁiﬁ%%’fﬁiﬁﬁé¢1w54%#«@w

17



s kAR 41

CEYF SR RS TN Lo

ABSTRACT

Collagen is the most abundant protein in vertebrates and
constitutes about 30% of total proteins. It provides the major
structural and mechanical support to tissues. There are at 28 different
types of collagen, named from type I to type XXVIII, which varies
considerably in their complexity and diversity of their structure.
Collagen has been widely used in fields including foods, medicines,
cosmetics and tissue engineering due to its excellent biocompatibility
or biodegradability. Generally, the main sources of type I collagen are
limited to those of bovine or porcine dermis. However, bovine
spongiform encephalopathy (BSE), transmissible spongiform
encephalopathy (TSE) and foot and mouth disease (FMD) are threat
to collagen products based on these materials. As a consequence, the
alternative sources of collagen, especially from aquatic animals
including freshwater and marine fish and mollusks have received
increasing attention. Biochemical properties of collagen, such as
thermal stability, might be different between the different sources. On
the other hand, enzyme-hydrolyzed collagen plays an increasingly
important role in various products and applications. Its different
properties and functionalities benefit the end consumer now in ways

which were not present ten years ago. Over the past decade, a large
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number of studies have investigated enzymatic hydrolysis of collagen
or gelatin for the production of bioactive peptides. The aim of this
review was to characterize collagen from aquatic animals and to

investigate the functionalities of the enzyme-hydrolyzed collagen.
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» ««;&g@ A FREFET CERIE S RSl B R iR
SER SR BB AF P 1979 # (130 tons) T 2005 (305 tons) ¥
B4 2352 R 39 REZ REBHD F B R BT 1950
A BAEFE R D PR o e S U i e g
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Hikp 3o &5 9% R

R 39 (collagen)~ + H_d = 1% % 547548 (polypeptide chain)4p =@
B em & h= WL H(triple-helical structure) » 354 + £ 3
285 kDa: £ B 5 289 nm: E/f 5 1.5 nme @ & — i 5 93+ 7548(a
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kA B F R R KRS A A S B B2 EE R
AR MR R TR G %&ﬁi(ﬁﬁ'ﬁf@z‘ 0L RAFEE - 5
AR R BR(R RS S R0 o A FPR R Fod dik B
AT Pechds o fE A~ E e fofi e © A qh 0.5 MBr LR iR R P~
* ok AR R R g¢2%90%%2$ﬁ$ﬁ1§“wmm)wm
Fofhr20.5 Mg i e a5 S5 218 g 2 SN g3 v
RE o PR AT ATE RS IR 0 105 MBFLIR

o

7
~

f2o L~ FH479%¢ > 120.1 Mﬁi FLid R B FTHRAT 0 B (s BIERN B R
N E R E Y 3 % R -9 (acid-soluble collagen, ASC)> @+
20,5 MPS e iz e 318 0 g 3 5N erd LTI A
BRI B 105 Manfsfie 3 % v fR2 3R L A

WACSE P 3 » v P8 Jd fE¥ BB R B0+ 5
(pepsin-soluble collagen, PSC)4v % 12 24757 » ¢ Z1u 57 L (dry basis)
PEZAAR R IY FPAFF % p 4 (black drum) (ASC:
2.3%, PSC: 15.8%) ~ #% 4. (skate) (ASC: 35.6%)~ =@ % % g (ocellate
puffer fish) (ASC: 10.7%, PSC: 44.7%) ~ ~ # #& (largefin longbarbel
catfish) (ASC: 16.8%, PSC: 28.0%) ~ # 4.(channel catfish) (ASC:
25.8%, PSC: 38.4%) ~ =& # (chub mackerel) (ASC: 49.8%) ~ sa.¥
£ & #(bullhead shark) (ASC: 50.1%) ~ P # E g (Japanese sea bass)
(ASC: 51.4%)4r 2 #&F ;@ @5 (brown backed toadfish) (ASC: 54.3%) %
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GUNANANAONDAY) |, 5 1 g [F;J% 2 78 (wet basis) % i 4e 1 40F 5
(brownstripe red snapper) (ASC: 9%, PSC: 4.7%) ~ & #& (striped
catfish) (ASC: 5.1%, PSC: 7.7%) -~ skate (ASC: 8.9%)frgLr s+ g
(brownbanded bamboo shark) (ASC: 9.4%, PSC: 8.86%) % 2_ "} i -
O R RV R - T AT NSy
Fofe b 4 A 9718 2 PSCA & < ** ASC > Zhangii@)q‘ did 3t g g
Jod-v B ek 4R Bk 29 Pk (telopeptide) ® 2 fip A B i A 5
S RARS  REBRFA KA 2BROGRS A8
WEpepsin (T # Fr 8T R :E VPR F 20 LB AL F

T AR R e =
Rt B R E B R R DB RAREEME LR FME A
Jﬁﬁﬂpepsin%;‘)ﬁwnya"iw”fﬁ i?id MAEAKE o do X
(bigeye snapper) ~ & @ 4. (albacore tuna) ~ /| & é‘é]‘ i (tongol tuna)

I #&(skipjack tuna) & § 3R #47F 1| chpepsinit i * B R Fv n
E*;‘B,,(9)(23)(24)(25) R
() BR¥IY LEHRBHERERAR S

R -9 2. #FE T ¥ 37 et (imino acid) (hydroxyproline %

proline)2. z £~ ZApk > W ¥ Y B Ay TR EF KA
BRI o A kABR I hL R GRS EL R PR
o TR EERP I REE T > FIAF B Pro 2 Hyp
Gt BT A2 B E AR TN AL R S B R A
FAARFO) o pw B A Y PRI R B BRIER S
TH A () E s £ F T+ £ 3 (differential scanning

|
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calorimeter, DSC) % ip| £ %% & F-v e $ 1408 HRpe s 2Es

B O FRBMIE-BRFRY T ‘H‘#W*ﬁrﬂ%ﬁiﬁi%w(}w i
WORTUERRITEN) G A2 B F (B gi) »Tuvd T
SRR AR ARG N R B R A (maximum

temperatures, Tmax) ; (2) " 2L B 3R R v e B B R
O OARPALR R > RPPERTLIRR R BRMHARLE
- 2 — % B PF 47| 9 g8 B (denaturation temperature, Td)?” o
™ DSC Rl H Tmax » ¥ fovf FL 476 fr 1R B - SR
RKABSL RN > AR R0 22 LR 9 FEIE RS DSC
BlasE 37.0°C17 s~ Aok Mgk A B R e W
F Ui 4o A 4E(ASC: 10.0°C)"Y ~ it B s 42(ASC: 15.0C)1Y
B8 (ASC: 15.7°C)% > + 5 chg By BiR ¥ 2 84 KB > 4o B
2 pa+ § (ASC, PSC: 34.5°C)" ~ 2 i# #E v % #(ASC: 36.3°C; PSC:
34.6°C)" ~ £ s (ASC: 33.5C)® 2 i@ # (ASC: 35.3°C; PSC:
353°C)% (% 3)c AR R R H Tdr 2 kB dfEz Td i &
L ACRE G 4o @ < 5§ s g (skin, muscles) (ASC: 16.4°C,
20.6°C)7 ~ 4 = T #h (skin, bone, scale) (ASC: 16.1°C, 17.5°C,
17.7°C)®¥ 2 it B e 42(ASC: 15.0°C)%) 5 — 88 -k 21 -k ff8
bt R Beie & w4 g (young fish, adult fish) (ASC: 36.0°C, 36.5°C)™
| #7(ASC: 31.5°C)C0 42 (ASC: 29.0°C)®~ = s {7 # (ASC:
29.0°C; PSC: 30.0C)®V (% 4) > B d 2 by e @2 R 3ov
HPHER X ATRAIBBERZ BT
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ASC#Z PSC L jApincrefifee s a EBRdy 7 ik
Wi fe 5 Gly At P 9 1/3 > g4 ¢k > Pro )1k 12% ~ Ala
% 11%2 Hyp £ ik 10% » % %2 4 %z ASC 22 PSC 2 37 =ik
(ProtHyp) z £ &1 # 48 % 145 T An M » © fwBRza s ¥ (ASC: 20.3
%; PSC: 20.4 %) ~ 2 # it v % @ (ASC: 19.6%; PSC: 19.7%)%" ~
Bovoagd (21.0%)° £ B 4 P (193 %)Y L w5 s 212
%) ~ g1 % 83a(PSC: 18.4%)°Y ~ 4 % uw(ASC: 18.8 %)* ~ ¥ 4.
(PSC: 18.6%) P « g 4 (ASC: 19.0%)* ~ 4 4.(ASC: 18.3%)@ ~
¥ #2(ASC: 18.4%)% ~ . P & PR(ASC: 18.0%)(36) 1L B & (ASC:
18.0%)® » Gomez-Guillén % OV 4 57 — dxi4 ok g b2 NG
4-12C &} » 17C T > dois fE8 b B ins 42 4 A (ASC:
15.0°C)*” 2 [ 4= 87 4c 42 4 (ASC: 16.8°C)7™ » v B k-k & 4 48
(~18-19CHr~24-29C) k enikC7 » 7 g 2 T v 3 £ 5 15-18%
Rk AR A g ASC Tefic 5 B 21.5%2 (% 5)
Bor 3 ende e KR¥TZ imino acid 2 £ F 77 B > @ LRk 7
BEWR RS 2 RMETMHT Y -

(Z) B R 30 2T

AR LR T o Bor A A ASC 4o PSC ehd & wfik 4 %
210-240 nm » 4= 357 g 4 4 9 210-240 nm©Ve R Beovom g
220 nm®” ~ & gt 233 nm®) ~ fe gt gE g1 220 nm®Y R iE
thd 2232 nm" ~ 7 A A 230 nm & = sk (bullfrog) ¥ B F-v 1B
Wk 236 nm“p i s ARF LR RFOATIREAZ Tp ¥
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d 280 nm T E P EGTAE > AT TR B2 39 LR
6 o WR 30 35 F #c® 0 Tyr ~ His &2 Met®™® » & — 41 Tyr g2
Phe sz % (& % 283 4 251 nm™) > F]pt 3+ 250-280 nm FF g

I AN L& -

g g gV e D AR g
O Hm s p Bip o @@ i s w@1V% 5 % e A
% — 31" & 39 - SDS-PAGE Rl:# & 7 type I collagen 3825 5 B 2
al~a2-chain» fe 284 g f2 f & 4ok & + %#@(32)\%\!«3*5‘!1% ,’&‘(20)\
A SSENEEY AR A S T Bayx R AN B
#FU S B e g#® Wy 24 y-chain v y-chain
a2-chain z_ = B %8> @ P-chain 0% = d & {# a-chain = @ ASC
2_ B-chain gg ¢ #& PSC % » P %% F-v fiz i A T A [ER SRR
%2 WA S 5 % B-chain % = &  a-chain > & PSC 2. B-chain
5% B o) 3t ASC™ o Mizuta % V465 p% £ 952 pepsin -k f# 14 5 B~
type I collagen f type V collagen » i i d SDS-PAGE &l & -+
al-chain % K& € 7] pepsin K f#j* 33 > @ &% a2-chain % & 3
4v » % 5% al-chain +* a2-chain % % | pepsin & f2#7§: 8 o ¥ ¢ >
Hwang % (9 dp e d & ¢ e red stingray f- yantai stingray £
a2-chain ¥ B-chain 4~ 3 £ ' H F 4./ o

¢ S g pHE B 308 MAtplpF > Fod FABEF T E T 0
Plecdon WA 203 Fand 54 84 §20plip b Pran ke
FE R TE 4 B4 0 ERFD FHRRITK 0 A AL R R
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P RARRES AR Flad AR ER2Z 28 o 2 FpHT @Ak
SRINEE S URLE CIRINE I 5 B ARSI I AN A S AN A
o dps i g A 22 Ve E e s apH 24
L3k d R B MR REAR S ERRM AEpH 7-10 o
Kittiphattanabawon % ®? 4 7+ % 4 f2 ch3=v 7 ¢ Tk B 4LR ¢ 49 %t
B AR fRRR S ol A SpHE2 X8 0 1 & LAY R 0
3 ke s o TR

B LR B0 A 0.5 M SR o 33 A NaCl ik & Rl L8
BAER % Bb(striped catfish)® ~ = s e @O« L4 4@ -
gAY R B d O e s B AL R ARE T A
N N R N L - AL A P & B )
Bogs 2% s7 0 ASC 2 PSC ¢ %% NaCl ek B+ 2 » 4 f
BFla T B9 U NaClik B <38 3% B3R T @ Fh 2 p
B oo A AR Y AT 0 §EF NaCl ek B+ > 3
TRAMAETE AR TR A DFE S > I B AEM A ERE
BOFARRAR T FlRd F-ky TR 4R @ R FokA
SR IER A @ FERD B2 RE @S ey Tk e
APl o p ey §mY2 ASC & PSC
%% NaCl Jk & 1-3%PF & § o ehj3 fa & » fe % 3% 3%pF PSC +*
ASC 7 iz ej3 f& R > ¥ iv F] pepsin "R fEIR > % 2 B s 3 0 HRK

4y

P
ok 4 g0 Fofok A X R e ks g it o
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IR R Bed 2 = BAREORIRARY 7 R S AR L
FEF AR Nam 2Pl g A2 B R 3y B okt S
98.5 H,O pL/mg of collagen > p A % 99.7 H,O pL/ mg of collagen -
A2 R Fee ok 4 1 51.0 HyO pl/mg » B g g L 9 R

Bd R N B RRFRA S T LR G & p Y
T T TERY SIS RS R
MoeA s BRECY S a R 30 hz IR S e T ook
£ {;{g d Fadrkdg s F s z 2 (COOH)# z 7L (NH»-)
%%*ii@*ﬂﬁ&@éoa:&msw%ymgwgm%ﬁi
AP AR LT o H OB B Tt 4 BB TRR A

%

A
F
S EEORE AR RS B M hope R v M B

KRS RIG BP YRR LB R

8 OFERS Bd TORERRE AR iy niER BFET LG5 7
%uﬂmﬁﬁﬁﬁ%ﬁﬂwﬂfﬁﬁﬁwWH/ %H}wﬁ
(Alcalase 2.4 L)**pH 7.0 ~ 60°C * -k f#854 457 5 ~ K f&2 R >
R 30 -k 24 (collagen hydrolysates, CH). ¢ Sephacry S—lOO%
A R R te it IR E i M ER ol
B o d g~ fE R oS FEE TR 2 R Bv 2 % b ke TR
18 5 ASCHrPSC B B 5 f it 5 210-240 nmPUVV s 2 gy 3
G R £ 236 nm*V4p i o @ Ark e RS A F € ¢ (5 4R B i
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1% # 7 (reactive oxygen species, ROS)+ £ & # » Zhang% V3 -k
A FPr B2 R R0 ShkME R B8 SN Y BRokfRfs 0 &
T ARG B E 250~ 200 mgkgz B E A2 B CHYE X
CORAB B H e T LR BARB A K 2% FIUVR A 3
~AZF Y B 1 fF(SOD) ~ #kH PR ¥ 1+ 4 fF(GSH-Px) ~ j§ fis
(CAT)%&'%“@? MEEE TR % > B CHY @ L REil4z2 1§

v J8 T B R fRIEPRY AT 7 2 HORER  WORM B SRR MR B
f-,’ﬁi#‘a;‘? bz OVeq K55 kjad | BUGUVE SIS 4L F e
2 %4 "R (GSH)"Hyp i £ %3 ka2 ) BldpiRz T 5 p &g
ba A - FE(MDA)Z B P BH 4 o BT ARG KRS T PR
% kPR s ROS2z & 2 T drdlid g F i F %5 > MDA
B r T TR FRAr w2 R gAY B PR E
ARga*rme k- aWhke 2R 2ZHT

Li% OV & 2§ g ps % oK figar @2 % R 3o 9225(11.7-25.3
kDa)¥ g * *r @ it b b FIH B g g R v F A PAp R

{25 242 Resfed ~iRoRk4 s sojed Bgtit 4 (P<0.05) > 42
1 HE

N

Lin
w
~d

we B LT R HIZ “Hvk'riik[@]oNamass“% I A AR R B

v i Alcalase-k f#1s B fug i 4 B pLvepd fr ] 4 il [EJq
#} I H B R K RTE 2 X AR E o ’?ﬁ«‘}g’giﬁ'lvﬁﬂ] S B fﬁ}fﬁ’ L5 ’?%f-,

FpE oY Zhud Vs g L RO E AT 2 CHLrS
(130'3000 Da)‘l‘é\"” A %fﬁ}?‘:’ P TQ _ﬂ_@_\ ,&'_‘JPR?* ]'9 ’y © ff’/%‘"
#7545 f ~ cytochrome P4504-% g & C-& &1 39 (high-sensitivity
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CRP, hs-CRP)ip RS2 48 fs 7 2 ARBE 4L > F & 2 0 dp i haom PR
R B0 EEIEIRT — 3 B 4§ 404 jepe (bradykinin) & ' Mom 7
% (prostacyclin) » ¥ & ¥ & ° P87 %5 & ~ cytochrome P450f-
hs-CRPZ &> ] & J|* B PRRIF B es (o f B o BRE 52
gL B ﬁ o Bru A LR B0 EPRAR G207 #2 E Erpl
R WO & Rg s it B & 3 4 BDNF  (Brain-derived
neurotrophic factor) ¥? PSD95 (postsynaptic density protein 95) % #¢
ERAFF2ZLIAB 3 ENASPEATRE - FaP g2 £ -
v 2 E % B od s b P2 (passive-avoidance task)£? 3% ok
# ¥ (Morris water maze) k (¥ 5 # 4 T B ¥ &1y | 2 (7 5 plE%
¥ Aar 45044902 1.329% (wt/wt)e fE 4 £ ¥ R F-v 2PKE 2
R A RT > AR R LB AR CHY B A L1
ﬁ‘iﬁ?ﬁ%%ﬁﬁﬁﬁﬂﬁﬁﬁwoé*ﬁﬁ%%ﬂ%?ﬁ
AR F0 AL BRI R G SFIRT > 2 S FEAF 0
A g B R bA  REE FRRE MDA TR -
Han% V4 0 g g p g4k & 4 9P LR > B ¥ TR 1 Bl d 45
Zoorid A2 F £o @ CuneoCO% BB 2 & ¢ 48 AW R 3ov vk
ARG AT 200 TR pag i ZdF4 & p PR 10 g CH
P24 - d g H B PR EET S e LR J W ERBE

4 5GP A EL 2T Fla - HRP ARG
R R Y AR R R R RS R T YR

5L EF G E R TR o
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SO AT BT TR B AR AT TR T 2 R gt
4 4. 4 A P 9% 9+ 25(G-P-H-G-P-H-G-P-H-G-P-H-G) & § #r 4| & Fr
e E itk RS o L < et 4 & (Johnius belangerii) g A B ¥ 1
% 30 fa (Trypsin):& {7 -k iz > ¥ $| 9797 Daz #2*<(H-G-P-L-G-P-L)
£ 4 Frdllinoleic acid¥ f* it 4 ¥ B *“tocopherol®™ o & 4 4. 4L P
WA R k24 (<3 kDa)2 2 121°C T B304 &7 @43 £ ] %
700 Daz p? 3 oresy Bog L ppid Be poF 1 el a4 3
DPPHp o £z it 4 oie T 3n g 4 #-kfRA S 8277 B Jg L2
e+ g 3690 Daz KRy 2L R REF 2 F L4 > Yang®
O Ak AR 4 AR Y B 3T
WO AR PP T ¢ %‘»%‘b’%%«‘:’iﬁi’?&ﬁﬁﬁfﬁ PRy 4 o X
G5 V)% % K f2 5 47 17 2 EPALATZPEPMPF (1382.57Da)%%
R AL iR 8§ CDPPHEES 1 p d A2 IC504 =) 4
7.56 ~ 8.82 ~ 17.83 uM  Gimenez % V7% 45 41 § p& 9 5 Alcalase
KfRATE 2 MR E f Asje b gr it 4 5 ¥ i d FRAP ~ ABTS# 4
LA R A HE 4§ L4 BHT) » R 8 5 % &%
DFNPERT BT TGS e 2 FARM g N7 A EY
BRI M RET B REA KRS > SREE AT BT L T2
AR K A7iE B - A e it v F iR e] Angiotensin-I-converting
enzyme (ACE)Z "3"5® S & & 3 o B~ HE 4l piR T 7 F 5
i R > od A ST IEMW 840 Daz dirk > HimA A A a & %
Glu ~ Asp ~ Pro ~ GlyfrAla > B ICso(F¥r#]f% % & 1450% 7% 2 k&)
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%0.0142 mg/ml® o 4& & 4 P Wk f2 47 2. G-P-L2 G-P-M:HACE#r
F175 0 ICsoA W) % 2.6£217.13 pM® 5 @ yellowtail fish & % % B 3-v

k% t5 SACEFr41751Cs 5 0.16 mg/ml® o

EHAY R 0 KRS 0 A HA %P ¥ R Pro-Hyp »

Pro-Hyp-Gly -~ Ala-Hyp - Ala-Hyp-Gly ~ Ser-Hyp ~ Ser-Hyp-Gly ~

Leu-Hyp ~ Ile-HypfrPhe-Hypz. "#+*x # £ » 2 @ M Pro-Hyp s i &

ek Hoe R v Pl R a R e i 4 OV gl 2

LA, 2T TR A FISL2 YR R KRS T oL AR

e w9 Nakatani % ©7 ):}% 1 Pro-Hyp™ e F13#EB~ B Bidk & 134 8
2 B & 3 o Shigemura® Vg d § nat @ s g kg LAl
=R N S L I R AL E R S %"f, i ¥ Pro-Hyp
b 7R ¥ Hyp-Gly » £ Hyp-Gly#Pro-Hyp? % < I /¢ 92P5f%

DD (R RS w2

T~ %3
R R B G GEA 0 X A ATIER ik

< - v e \ 2 / A S 2 z 2/ AL &
%‘r Fag o ¢ REAKERESE S FREEVBRLSZRS

Ptk 2 B R kv A5t (69)“%&;@4@7#@ kR e R Ren 2

REEFIFR O I kA Fddg R Bed 1T 5 R KR
fl]g’\‘iin’ :‘LA\?IJ} 1](::!"@%;‘}‘;24“___[_ %; Eﬁ'ﬁ)‘iﬁﬂ'é‘ﬂ ~ ’ﬁl"g‘ "313 \@Lj: N
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Table 1. The yields of ASC from different aquaculture products

The yield of
Source Wet/Dry Reference
ASC (%)
Skin
‘|- 3¢ &% Minke whale 0.9% wet 30
0 5 B% Cttlefish 2.0% dry 15
% # # 4 Black drum 2.3% dry 17
¥ gg# Sheephead seabream 2.6% dry 17
#% 4. Sea chub 3.4% dry 2
# & + 4 Dusky spinefoot 3.9% dry 2
= z {17 & Balloon fish 4.0% dry 31
#] £ & Unicorn leatherjacket 4.2% wet 45
i #& Striped catfish 5.1% wet 22
478" Paper nautilus (outer skin) 5.2% dry 11
# ¢ Eagle ray 5.3% dry
& 4 gz Yantai stingray 5.5% dry
7 2 #r Red stingray 5.7% dry
¥ ¥ # Brownstripe red snapper 9.0% wet 19
BLparh
Brownbanded bamboo shark 7% wet 20
2 i85 p% g Blacktip shark 9.5% dry 21
g % % 5 Ocellate puffer fish 10.7% dry 15
% E ~ P24 Bigeye snapper 11.0% wet 32
~ #E# Largfin longbarbel catfish 16.8% dry
fo Be@ w0 v g Nile perch 25.0% - 4
#& % Channel catfish 25.8% dry 14
7= #4. Arabesque greenling 30.3% dry 25
#% 4. Skate 35.6%/8.9% | dry/ wet | 13
R B v 4 Nile tilapia 39.4% dry 39
#a_4  Carp 41.3% dry 29
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B B a4z Cod 42.5% - 29
% v I & Deep-sea redfish 47.5% dry 28
' & Chub mackerel 49.8% dry 70
i B # # Bullhead shark 50.1% dry 70
p & Z gg Japanese sea-bass 51.4% dry 70
2 &7 & Brown backed toadfish 54.3% dry 18
vv p 4 Flatfish 57.3% - 34
fo Be@ & v g Nile perch (adult fish) 58.7% dry

f B@ & v gg Nile perch (young fish) 63.1% dry 4
Bone

4. Carp 1.1% dry 29
+ k< P4 Bigeye snapper 1.6% wet 32
& v= I b Deep-sea redfish 10.3% dry 28
+ ## Yellow sea bream 40.1% dry 70
P~ E gg Japanese sea bass 40.7% dry 70
1+ #& Skipjack tune 42.3% dry 70
“ % 4 Horse mackerel 43.5% dry 70
4 4 Ayu 53.6% dry 70
Fin

= % @ Japanese sea-bass 5.2% dry 70
Scale

4. Carp 1.4% dry 29
% v I & Deep-sea redfish 6.8% dry 28
Other

% 4 Octopu (arm) 10.4% - 71
= 7 @ Jumbo suid (mantle) 15.0% - 72
% @ Sipunculida (coelomic well) 45.6% dry 42
B Callistoctopus arakawai (arm) 62.9% dry 71
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(pepsin-soluble collagen, PSC)

A%
Table 2. The yields of PSC from different aquaculture products
The yield of
Source Wet/Dry Reference
PSC (%)

Skin
B 1.04% dry |20
Brownbanded bamboo shark
3 ¥ M Brownstripe red snapper 4.7% wet 19
fE 2 Striped catfish 7.7% wet 22
LE Sl §

8.9% wet 20
Brownbanded bamboo shark
2 8o px g Blacktip shark 10.3% dry 21
3+ Bullfrog 12.6% dry 40
T-#%. Arabesque greenling 14.0% dry 25
% % 7 4 Black drum 15.8% dry 17
= @ {177 # Balloon fish 19.5% dry 31
% g # Sheephead seabream 29.3% dry 17
~ g & Largfin longbarbel catfish 28.0% dry 3
‘|- % #7 Minke whale 28.4% wet 30
#. % Channel catfish 34.8% dry 14
g % % @ Ocellate puffer fish 44.7% dry 15
¥ 4. Grass carp 46.6% dry 33
7= "8 # Chub mackerel 49.8% dry 70
4 %" Paper nautilus 50.0% dry 11
ma % B 4 g Bullhead shark 50.1% dry 70
vt p 4 Flatfish 85.5% - 34
Bone
% 73 "% Purple sea urchin test 35.0% dry 71
7 % 4. Horse mackerel 43.5% dry 73
Mesogloea
-k 2 Jellyfish exumbrella 46.4% dry 74
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Reizostomous jellyfish 35.2% dry 27
Other

% 4 Octopu (arm) 62.9% - 71
& B% Cuttlefish (outer) 35.0% dry 75
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Table 3. Denaturation temperature (Tmax) of different collagen source

Source ASC/PSC | Tmax (C) Reference
4 #& Hake ASC 10.0 10
A B eja g2 Baltic cod ASC 15.0 12
-4, Arabesque greenling ASC 15.7 25
% v I & Deep-sea redfish ASC 16.1 28
% v= I b Deep-sea redfish (bone) ASC 17.5 28
+ @ * v #£ Pacific whiting ASC 21.7 76
¥ 4. Grass carp PSC 24.6 33
Rainbow trout (muscle) ASC 24.9 13
B A (H &3 H b

, , ASC 27.2 45
Unicorn leatherjacket
+ i@ 8% Tiger puffer ASC 28.4
# & + 4 Dusky spinfoot ASC 28.7
% E ~ P24 Bigeye snapper ASC 28.7 32
#% 4. Skate ASC 28.8 13
#% 4. Sea chub ASC 29.2 2
= = {;7 # Balloon fish ASC 29.6 31
= = §;7 # Balloon fish PSC 30.3 31
3 ¥ # Brownstripe red snapper ASC/PSC 30.5 19
+ &~ P Bigeye snapper (bone) ASC 30.8 32
~ wE# Largfin longbarbel catfish PSC 31.6 3
R % v g4 Nile tilapia ASC 32.0 39
~ g #& Largfin longbarbel catfish ASC 32.1 3
£ fr. Yantai stingray ASC 32.2 2
% E ~ P24 Bigeye snapper ASC 32.5 23
# 3 g Red stingray ASC 332 2
£ # @ Ornate threadfin bream ASC 33.5 25
# fr Bagle ray ASC 34.1 2
2 #t 4 Black drum ASC 34.2 17
LB Y ASC 34.5 20
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Brownbanded bamboo shark

BERpa Y

PSC 34.5 20
Brownbanded bamboo shark
2 B v P Blacktip shark PSC 34.6 21
fifk. Striped catfish ASC 35.3 22
B fk. Striped catfish PSC 35.3 22
B PSC 36.0 20
Brownbanded bamboo shark
2 8% P Blacktip shark ASC 36.3 21
B ASC 36.7 20
Brownbanded bamboo shark
2 4 Calf ASC 37.0 17
F¢ £ Porcine ASC 37.0 39
< B Rat ASC 40.1 13
#¢33 4cF  Chich sternal cartilage ASC 43.8 77
% @& Sipunculida ASC 54.5 42
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2457 KRR 36 2 $HE R (Td)

Table 4. Denaturation temperature (Td) of different collagen source

Source ASC/PSC | Td (C) Reference

A Rees g& Cod (skin) ASC 15.0 |29
% v I fh Deep-sea redfish (skin) ASC 16.1 |28
e 3 #74c 42 4. Alaka Pollack (skin) ASC 16.8 |78
% v I fh Deep-sea redfish (bone) ASC 175 |28
% v I Deep-sea redfish (scale) ASC 17.7 | 28
e 3 #74c 42 4. Alaka Pollack (swim bladder) ASC 184 |78
= 5 v4 & Chum salmon (skin) ASC 194 |7
= 5 ¢4 A Chum salmon (muscles) ASC 20.6 |7
4 % Starfish (body wall) ASC 23.0 |79
# 7 4 Saury (skin) ASC 23.0

# 7 4 Saury (muscles) ASC 24.0

¥ #Z Walleye Pollock (skin) ASC 246 |35
s R & @ Bullhead shark (skin) ASC 250 |70
"L & Chub mackerel (skin) ASC 250 |27
"L & Chub mackerel (skin) ASC 256 |70
4 -k -+ Jellyfish exumbrella (body wall) ASC 260 |74
# 4. Mackerel (skin) ASC 26.1 |7
P A # 4 Japanese sea bass (skin) ASC 26.5 |70
v B 4 Flatfish (skin) ASC 26.6 | 34
v B 4 Flatfish (skin) PSC 26.7 | 34
# 4. Mackerel (muscles) ASC 269 |7
# P & & Cuttlefish (outer skin) ASC 27.0 |75
7. & 3+ Ranatigerina (skin) ASC 27.0 |80
Callistoctopus arakawai arm (bone) ASC 28.0 |75
% 74 "% Purple sea urchin test (bone) ASC 28.0 |71
i % & @ Ocellate puffer fish (skin) PSC 28.0 |15
2 & 7 & Brown backed toadfish (skin) ASC 28.0 |18
£.78 4. Red sea bream (skin) ASC 28.0 |81
#_4. Carp (scale) ASC 280 |29
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% 4 Grass carp (skin) PSC 284 |33
797 A Sardine (scales) ASC 28.5 | 81
Rhizostomous jellyfish mesogloea (mesogloea) PSC 28.8 | 27
£ Silver carp (skin) ASC 29.0 |29
= = {17 # Balloon fish (skin) ASC 29.0 |31
P A @ 4 Japanese sea bass (fin) ASC 29.1 170
i 4. Eel (skin) ASC 293 |7

+ 4 # Yellow sea bream (bone) ASC 29.5 |70
7 % 4. Horse mackerel (bone) ASC 295 |70
1+ #& Skipjack tuna (bone) ASC 29.7 |70
% & Ayu (bone) ASC 29.7 |70
P @ 4. Japanese sea bass (bone) ASC 29.7 |70
= s {];® # Balloon fish (skin) ASC 30.0 |31
4. Eel (muscles) ASC 302 |7

3+ Bullfrog (skin) PSC 303 | 40
#] & & Unicorn leatherjacket (skin) ASC 312 | 45
/| % #% Minke whale (skin) PSC 31.5 |30
#_% Carp (skin) ASC 31.7 |7

#_% Carp (muscles) ASC 325 |7

#4 4. Channel catfish (skin) ASC 325 |14
f B@ & v gg Nile perch (young fish) ASC 36.0 |4

fo Be@ & v g Nile perch (adult fish) ASC 36.5 |4

¥&¢ £ Porcine (skin) ASC 37.0 | 15
2 g Calf (skin) ASC 40.8 |26
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%5~ %R F-v ¢ & il f& (Proline + Hydroxyproline) 7 &

Table 5. Imino acid (Proline + Hydroxyproline) content of collage

Imino acid
Source Reference

(Pro+Hyp)
ASC
# & + 4 Dusky spinefoot 13.5% 2
#% 4. Skate 15.3% 13
#% 4. Skate (muscle) 15.3% 44
A B s g2 Cod 15.4% 8;29
% v I fh Deep-sea redfish (scale) 16.0% 28
7 % Squid (inner skin) 16.1% 49
% v I #h Deep-sea redfish (bone) 16.3% 28
& v I g Deep-sea redfish 16.5% 28
5 % Squid (outer skin) 16.9% 49
X & Megrim 17.0%
% #& Hake 17.0%
F M % A gt Squid 17.0%
#& 4. Channel catfish 17.1% 14
=z {];7 # Balloon fish 17.9% 31
v B 4 Japanese flounder 18.0% 8
¥ 0 5 p% Cuttlefish 18.0% 36
4 4. Sea chub 18.4% 2
¥ #= Walleye pollock 18.4% 35
4 A p@a Ornate threadfin bream 18.8% 25
#_4%. Carp 19.0% 29
v B 4 Flatfish 19.0% 34
4% Carp 19.0% 29
#_%. Siver Carp 19.2% 29
£ E < P24 Bigeye snapper 19.3% 32
f B@ & v g Nile perch (young fish) 19.3% 4
# pr Eagle ray 19.3% 2
2 8449 P g Blacktip shark 19.6% 21
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2 fr Yantai stingray 19.7% 2
fo B & v g Nile perch (young fish) 20.1% 4
BT R 203% | 20
Brownbanded bamboo shark

f # Striped catfish 20.6% 22
R B v 4 Nile tilapia 21.0% 39
% & Sipunculida 21.0% 42
. A 3£ Ranatigerina 21.1% 80
¥ ¥ # Brownstripe red snapper 21.2% 19
~ gg#& Largefin longbarbel catfish 21.3% 3
2 g Calf skin 21.5% 3
# 2 g Red stingray 21.6% 2
¢ £ Pig skin 22.0% 82
PSC

4 -k 2 Edible jellyfish 12.2% 74
3+ Bullfrog 16.7% 40
s % %k @ Ocellate puffer fish 17.0% 15
- = 1;7 # Balloon fish 17.5% 31
# 4. Channel catfish 17.7% 14
vv p 4 Flatfish 18.4% 34
¥ 4. Grass carp 18.6% 33
2 3k 4. Black drum (bone) 19.4% 17
X gg# Sheepshead seabream (bone) 19.5% 17
2 8449 p% g Blacktip shark 19.7% 21
2 3k 4 Black drum (scale) 19.9% 17
| % #% Minke whale 19.9% 30
¥ gg# Sheepshead seabream (scale) 19.9% 17
BT R 204% | 21
Brownbanded bamboo shark

B L 207% | 20
Brownbanded bamboo shark

B fk. Striped catfish 21.1% 22
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% & i+ Rana tigerina 21.3% | 80
A A Calf 215% | 83
¥ § M Brownstripe red snapper 22.1% 19
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