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(57) Abstract: The present invention relates to a method for obtaining and re-
trieving collagen hydrolysate from fish bones and shells through a reaction
with high-temperature high-pressure water. The hydrolysate obtained in the
hydrolysis process contains collagen peptides (<3000 Da) with a low molecu-
lar weight, into which collagen proteins (116,000 - 126,000 Da) isolated from
fish bones and shells are lysed. It was verified that the hydrolysate derived

M;ﬁ ;ﬁfffHHfE%E cc from fish collagen contains essential amino acids. The antioxidative activity
e of the fish collagen hydrolysate was higher than that of the initially isolated
l fish collagen. The fish collagen hydrolysate had a reduced smell that acts as a
-2kd 28 (MALDI-TOF-MS) | DD negative factor of products, but an increased smell that is in favor of sensory
;gmgﬁ;ﬁﬁ@ws e EE feeling. According to the present invention, the process is simple and eco-
HE! ffg) 24 i friendly, and the product safety is excellent, and thus the hardness enhance-
ment is anticipated. Therefore, the fish collagen hydrolysate obtained in the
) i present invention can be utilized as a functional material in food, medicinal,

AA ... Prepare crushed fish processing by-product

sample

and cosmetic fields.
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512 B g o] g 7hX] oA A Q1 A A g Efol whet o F -9 2kl
Tt E S 35, F5SIAL o] B HAEE W S e o8 A
FA LI o F 7hE WAEEE A Skl s 2] &6k, ol B
b el bS5 2 ALEEHE A f-ollim, & 1ol A" A o], o] Fo] ),
A2, W 5 Aol sl o] of 7 7Hg FALE MES #h)sla, ol & B2
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[55]

[56]

[57]

[58]

[59]

o] Al H 8 5], A28t} uleo] Bl oA AAX 0B NEAL S5
, Aol A &4 31 Z(freeze- dry)/‘V TR sA Az W
of 7t-of w2} 7 o] - o] = Fehallo] Aol &fste] W
2 53] 8% 7 Ak ol AERA e ol wel Wl fA s Td Ax
o)-&ste] AzstarA} hi= A, TA Ax S 5= e 20 A 1
A= -5 A 10°colH4 745 /«17&8 48 - 96 A[F 91 5= . o] ¢ gt

2 X e g
> o

NN E oE §2 o N
ol ™ ol 1> jo o R MM
iz
P> L

Ao md

foox Y

‘QEE X—?@@ 37]?’-— e
(mechanical blend) & AF-&38}e] A28 A&
FH, EEIUE A4S I E

4 E AT AT

T A A EREE S e Eh A A o2 -l Al Z
A% A {8 & A (protease), ol & S0 FehAllS 413 7]=
ZebA Lol A o] 9] o whilA Fal aARA il TS ANE S
F AL AFE3Ee] o] F ME 2 RE WA 7Hg A F2k Al (pepsin-solubilized
collagen, PSC)& gl 3tal, o] & &8 e =2 3|3 = Qo).

B o] g 7] AA[ 2 A o ol W E i B R AMGShE A9
Zbzlo] gl i AA] Aete], HAE A7 WE & &N 15 -
1:20 (w/v)o] B &2 Z3tsto] Hefsta, el §do= Hesto] 4 &84
o 5 ol 1:5- 1:20 (w/v)] Bl &= &3 A & 7}8le] &4 3] 83 o} 2,
A 3] 51l o F el 1:5- 1:20 (w/iv) o] W& R 4T LS Thate] ©A]stal, g
Al g of 7w o Zofl FAE Thete] Tkt st dAlE 23S 4 T
efzhe] &9 o 2= 0.01 - L.OM =9 A ER e A stz
FAe AES ok I AR = 1-20% T B MlE*J,

3] A 2 2K(picric acid), E €] E 2 Zo}H EAL 52 2Hacid) &

A EEZALAEZA ¥ 59 bz, F543 Loﬂ(Chelate)g 63” ah= =4,
o & 501 0.1-1.0M 559 o€ elt]o}rl g Eglo}A E4F(ethylene diamine tetra
acetic acid, EDTA)2] #¢3-S- o] &-5)= A1} -2 223} 4 &3] uhH & Alg-3
T o g Ay dA AN = A T -4 dHZE, A E E

FEYTES ALEE S Qo HAL o & 50 ol EqLa} & Ao 341
e = AFSE o AT

dastepd, ekzhe] 8o R A 5, A2 & A 5] st S
& o8 FAlst A F et WA, A 3 3] b o] Foll © A 5 A7 8]
AstA T s o2 FASHAY T3l stE @A, s v ] @A o] fof] o=
o AAS] st TR FAshE 9A T o= stvE U 28 ¢

o]

¥
%
o

N
P o

!

-

Tl %
In}

A0
oo N,
LY

S
=

ol
S
£

i

4t 6 5 So] obAlE4kT} 2 & gl 2

jg\

Hah N AE S A4 ehe,

2
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o) Foll YEIEF} TS G Wrhsto] Gl BES 2= W,
AL S YAVl oA B Sol Ao gaalis v

1= = =t

[60]

[61]

[62]

[63]

[64]

F, ool AR S B AR AL A5, 2L Belehs v,
HAE o H] HAL001-1.0M 559 FASUER Ti= 5218124

i)
ol
S
uly
e
)

e

SN 2 ekzhe] &3 1:20 - 1:50(w/v) o] vl & 2 Z35to]

Fzhe] g o] Ao o) Aol B84 o7 A, dE EH Tz 2H
B T 1-4709 S HE e85 1:20 - 150(w/v)4 H] &2 A 7}slo] &x

A, g@A A2 E o F HAE zko] &l 418 Thsto] 7 dEl 5k

T AT} o) 7w o} v 7R 2 A2 o & Fof oA EAL

A= AREE 7 ATt

zZhe] gdom A 5, 4 & A A 8] ko] S

Az ghshe= A 9F, EW A shE @A o] ol i %—%

T2 FAHShE GAE E3E - ok Eeh d E =

Abell 3] A gk 2l & AP%L 7d-5-2b4, 1 o] F¢] NaCl# &

& A= AR

Sl ot A, oM EANS /T E o] &8t FA 8=

AX ANRE TA AZX(AE 59 20 WA 10°C)3h=

™~or
ol
S

>
by ol
o T
o

Y
rlo

-

=2
ax M
rﬂ -1

4 e shchu,

2 o
2, o M
m o5
S
- O
LAy
my ol @
= op T £ 4 67
o 1% 2 o X
:1m

M lo

5o &

3 Z g eto] = AQlo] 37hH o]
Ur’d (helix) 725 FAAstaL Qo o] ¢ Do = A 25 7] A
%= D= EFo] E(telopeptide) 725 7HA AL Qlrk. EEbAl 2 Ab 2ol A
gl 2 A glo] = = F- 2} (intra-molecule) 2 F-A}7H(inter-molecule) 7} ul 7}

o Fo) x| = ol th S, A A el A EebzllS 2 g Efo] & ol &

7t g o BE&3tE ) o] B84 S-S A To TR oA R A std
7hal o] dm feo]| =t A 7], Aty o] 7HE 3t olH EEd S s

o)
DA

olo1A, o1 frehol 941 718 2ehe] 3, kel B8 e 7hs
R U ool A AR e A S5 T,

A F Fol, ¥ o] WhE mE, uete] B3 o] &3 719 A5 A1k
9o % 200 SAHO] D A0 P2 ol gotel £ T2
o, o179} RE ol felel W WL F AR 2o T
£ 207N WEINOR &3, FREE T BR WIS At
U AR

i
h)
il
kd
it
ot

m o 4¥ (o

27

o (T g ou
o
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o]
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A
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Q29 a

2=

@7 Bt oo 3 A 5 FHx), 4 WA

o] k&3t dol A
Ao 2 VERG T (A A o 5 3

=

SDS-PAGE 41 23} 37} &] A}

ML =

WO 2015/182859
o)

N

ol

Mo

F.5 2000 Da
% 10 WA 13

[e]

T

A
47k 5

=

of wj, 74, f

=

I

/Ké Aé%gi

[¢]

of whe} 3¢ Al b =

T

w2l 7

‘I Y

bt zelu, of

A
)

ks)

st

FAAATHE 7T HA 9 R A 7 3 =x). o]

+s

[70]
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[71]
[72]

[73]
[74]
[75]

[76]
[77]
[78]

[79]

[80]
[81]

31591 (Scomber japonicus) 7t& FAHE S A A A o] AR

7HE B AN LAY N A Al F ik Qhek. A&l Al H(1 2], protein marker,
54 55 FeH4, 2,2-diphenyl- 1-picrylhydrzyl(DPPH),
2,2-azino-bis(3-ethylbeznothiazoline-6-sulfonic acd) diammonium salt(ABTS),
potassisum ferricyanide, 3-(2-pyridyl)-5,6-bis(4-phenyl-sulfonic
acid)-1,2,4-triazine(ferrozine), 6-hydroxy-2,5,7,8-tetramethyl chroman-2-carboxylic
acid(trolox)<> Sigma Aldrich(St. Louis, MO., USA)ell A T3t e, 1 9] t}-&
AloFal S i= ¥-48 3= HPLC 53 AH83H3 T

2] 1: 5] wel 7oAl o] AN B

asol o] mel A S A7k Bl A FAIE T AIRE 72ARF Ee 5 A
Az Az A2 E AV A 24§ F -20°Cel| A Bstgltt. 1550
i o} 74 Aol o g A\k A4S ¥-21517] 9l3le] Association of Official Analytical
Chemists (AOAC) Wi ol whe} =3, 3]+, =AW 2 bl g of 3)eks
SA st v -k A ek i B3, A H gl g o] - ghako) A Wi
oz Akt B Ao M= 5d Az aigo] mel A ANRE
ARESETh 871 3 12 A 2E arEo] Weol Ao Ao e A AW g
WA AR A, Az o] AL Uz 5150 W) vshe] vl v}
A A9l gaFo] iAo & == AL < 5= T

%1
[Table 1]
AzH a1z mef g 8 74 AR
A5 PR (A @) 2R %) D) |- (%)
Az 6.68+0.07 [6.89+0.06  [17.59+1.10 [47.25%1.25 |21.59+1.28
5o 1

4.60+0.06 |4.50+£0.05 29.47x1.26 [49.49+1.52 [11.94+0.76

oY R
ot BN
s

A of 2. s1=0] o} A A A A FFL A SalA Hg

i
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[82]

[83]

[84]

[85]

[86]

g} W el 7ol gl Al vt
PSC)£& -4°Col| A o} el 9} & MY
Zbzlo] gl S Al A S feha,
1:10 (w/v) Bl &2 Z38glt). £3-E8 A4 1;_}71 250 rpmoﬂ ] 24A 3F Fo
A &Aoo w2 wnkslich oju &zbe] & NS 6Al vt wEkskgith 1t
A &9 pH7F 54 e =2 & W7 4] AR & A7k SRR AL, 42
12 A A THEYELA FDV-2100, Rikakikai Co. Ltd., Tokyo, Japan). 1 ¢, A| &9
0.5M ol &t ol vl e)] E g}o} A EAHEDTA, pH 7.5)2 1:10 (w/v) H] &2
A7betaL, 49 &t &4 355t itk EDTA € 42 vf A L ghs gl dbol &5
A7bE SR AL A S Al AT #1E, S Aol E S 10%((vv)
butyl alcohol <& 3} 1:10 (w/v) B] & & E33}o] 244 7} F<F = &) 8} o).
285 YA FHFZ AL TGS, T FAES 0.1%(w/v) FAl o] 35 0.57M
OlA EAL S]] 1:10 (w/v) & :mw A 3 FoF A5z, 12,000 pm &
500 B AR ST A ES o P2 S0 = 3YU FoF thA
%%% A, Esdd 2o R YAEY 3tk Aol = &9l NaCl&
HEA OB FEE 2 0ME XA T o] £ 244 7F HoF
A E A E-S 20%-7F 12,000 rpmo ;cz QAR E F 0.57M
OMl E*POH %8 AN AL o] NS 0.IM oA EALY S /4R F ” A7) 5L, 54
HEAG YR, FEAAX 0}04 2 7R F A e

=

-

T?OH’@E}.

o] AERREHE e 22 ‘%}‘ﬂégi s FE gl
3159 A9l 0.1M NaOHE- 1:35 (w/v) H] & & £33t v} 8- 4] wHb7 | &
o]-&alo] nHkaA X 244 7F FF A 2] 5 A D} ojuff ekzhe] &N & sFFo 4
WA SR T 1P A AR TR TR A O, 4 Azt 52
A3 Al 55 10%(w/v) butyl alcohol 5~8 23} 1:35 (w/v) H]| & & Z3}5}9],
24X 3E Fk g el th @ x El gl 58 AEE SRR A & o=
0.1%(w/v) 21 0] 3Hf-5 0.57M oA EAL 8- el 1:35 (wiv)2 Z3HAA 39 &
Aelstlet 7L ok, go] ol A Zeballs el vk Tde 8
Fgate] Al 7HeA Fahl s 5

ol I HEZRE A2 A T = 711 i o] Fepll g
ol 71 Al ¥l HHH(D.E. Goll et al., 1963 J. Food Science, 28(5):503-509)°1 t}2}
S| EH A ZE S A v, 3 AlFE wrste] Fekglth
B EF A ZEH ] e ol 7] Al E WAL Bergman et al., 1963, Analytical
Chemistry, 35(12):1961-65)& <zt 3] 3}o] A =Fs} i),

st7] 3 2+ also] ol HA oA A2 A Al 7R Eebal
Zba (g Ay Ak AR skEF B4 A9 S el 51550 o H

Al vhebsk T alsof w e} 7 A o] v
N

s&iﬂm

¢

O

9]
}]

Z]

r
O{N

t

-

O

AA o] ;A 7+-gA Al gFeko| 3
BleRe 7H7F 90.0542.34 2 86.89+2.48%°] 91 TF. 1},.—1100‘133194—7@@9]

HH

=
=]
L

4 &
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S 6.28+0.12 X 7.48+0.10%, 3] &2 3.48+0.09 2 5.37+0.06%, < %
kS 0.1940.02 2 0.26+0.03% ] AL}

[87] %2
[Table 2]

A ol Mok Aol F53 WA AHeA Fekal Bk 3o
e eh) 3 L AR o

alel i
Z4(%) HA 7HeA e
e a4
TE 1.75+0.07 8.10+0.12
o 90.05+2.34 86.89+2.48
T 6.28+0.12 7.4840.10
3] 3.48+0.09 5.37+0.06
A4 0.19+0.02 0.26+0.03
[88]
[89] A A 3. A 78 Sepzlo] FApEF =4
[90] Al 200 A D2 A 7FEA FHekAll ] A SDS-PAGEES
o] &3] 743 vl @l A S 3.0% stacking gel 2 5.0% resolving gel<
°]-&35 Ho = AT AAl ) 26 4] D2 54

Fi= Laemmli®] 54 ¥

7184 F2FA(PSC) ¢ A& 2g-8 1.0 mL2] 0.02M sodium phosphate €% Al (pH
7.0l &A1 T, &8l E A2 E ¢F A (IM Tris-HCI, pH 6.8, 10% SDS, 25%
glycerol, 2% bromophenol blue, 5% 2-mercaptoethanol 3 &)<} 1:1(v/v)H| & =2
23tel i), grell A =) H 23 A & 20 uLS- polyacrylamide gelsol] S+-ZA] 7] a1,
30mA AF 2 AE20) Av|adEor By Hy), TA3 U o &2 $olx
A Ao P20 Sold FAE& TEEd 2 AREsho], A A4 20 4
agol o] wef e A Hel g Al 7HgA] Eeball 3 vl al fA] el o wE gk
W AFMW) O] 5-& markersE WA O] xS 546171 9 &) ARSI T

[91] arso] wieh el A el | fA 7HEA FEA(PSC)el A A1l o
SDS-PAGE T8l A3}& & 3] ZAIS T 2709 - A Ql(ay and o) 4701
Aol 72t 116 kDa(Oh) 2 126 kDa(o) 0| 131, 5 ezl o] W Ap
FrAFSE gh-& Holal it} arEo o el AR R e H p-A F A&
W AFEFo] 205 kDao] QA Th. o] e] g+ A ihi= a1F o] of w e} 7 A ol A -]
A& FE Al el fARE 2719 HAEES 7HA AL vk AE
ojuj gt}

[92]

[93] A o] 4: A ZHRA] et o] FT-IR 4]
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[94]

[95]
[96]
[97]

[98]

[99]

Ao 20014 J1iF0] 2 W of 7ol A 242t 4 & A 7HEAd F R Al(PSC)
o] tf &l FT-IR ¥-41& G35ttt 4 11x% 515012 w e} 44 ] PSCs
FT-IR Z=3] & 712 Perkin Elmer (USA), Spectrum XE AF8-3to] & 4= 91941,
22 E 72 4000 - 650 cm,4 em 1 9] S| 5ol A S 51l T a1 o] w9}
AR g Febel th3 FT-IR AHEd B4 235 1 42 50 47
EAE T o] & oA B Sl gho] argol el Ao A el
Fepzl o] ME7E3283 cmt 3 3285 cmtol| A HHEFRETE o] & el ATH amide
I, amide II, amide I band®l] o ¢+ 3}-d-2 ZabAl o] Al g3 27 4 <l #e o] a1,
amide I Y1 Z=(1600 - 1660 cm!)i= 35 2] 1 E}o] =9 91 3= carbonyl groups (C=0)<]
A3 #H o] ). Amide I band(~1550 cm )= N-H bending 2 C-N stretching
&3 3%, amide I band(1220 - 1320 cm )= C-N stretching 2! 53} N-H

=

W AT o] 2] & FT-IR 2F Eq 4] AR 258 AA o 2014 D&
=2o] THAlYE A 5 AT

Aol 5: AN LA Sehle] Ay W WA S8 5

Aol 2014 P A 7HgA bzl Bel AR YoMy e%
=459t

Brookfield DVII + Pro viscometer (Brookfield Engineering Laboratories, Inc.,
Middleboro, MA 02346 USA)E Al-8-3to] 3150 of W e} G2 o AA-& of2-
ol %7438kt 0.1% (w/v) PSC7F 3H7-¥ 0.1M o} A EAF 8 mLE 2043k
10°Col A v kgt 3 §7]o) Tk 1 ohs A 58 A FE2 SC4-18%
AR-&3Ee] 150 rpmell Al B A A A= o] A& SAHS L, H el del=
centipose (cP) @9 &2 TAISISI T S22 57 =2 Flo] Sa3g 54,
B Aol o] whe} argo] el HARE FelE FEAPSO)e] H5=E 3 30
FAIEFATh A 5 ¥ 913 18.3420.25 Z 20.26+0.21 cPo] At

S M 25(Td)E e 2o 4383 0.1% (w/v) PSC7F §Hi-¥ 0.1M
LM EAF 8 mLE 10°Coll A 40°C7HA] 7FE A A 3°C FA LR Al E
A Ak A G NS QHE 5ol A 208 B B3 Fol] FA S
S8tk PSCo & WA =4l ofapl £ 5ol uhe} A 5 7F ofgl W st
Ao Yetyth(k 6 2. Ho) s 74 Lo S8E AR e
fractional viscosity S 7|48} a1, fractional viscosity 7} 0.5l <275 3} < o 2]
s WA 2er 245 6] 3 32 a1 o] o] wef HA oA 27
ol Zaale H ek WA 2 =5 et Aol

fij

st
il
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Table 3

[ﬂ%oiil W o} a1sof o] Ao A el FebAdle] Amek WA 25
=4 il

e G

A5 (cP) 18.34+0.25 20.26+0.21

[101]
[102] Ao 6: 7S = TR El & o] 83
[103] T 20 EXH A Fe 31

ne
lo
'
>,
N
L
ofo
oX,
- i
k)
B
o
N
L
&
T
:C‘>L_r‘
ok

XH Z: Hastelloy 276,
83kl 200 mLe] 334 wh-g- o= ofefjol] Hr ek
f vhg& g8kt

0.5 9)¥ =2 1:200 (wiv) 9] H| & 2 £3}5}0]
F471 5 ARE-3e] 200 - 250°C 9] £ 529} 30 - 70bar]
183l = ZoFul2 7] o] &9} ¢tel g &
743150t 150 rpmell A AFA wHb7 ] &

A Fo Y= 50 mE3gla, o)

S 7)o Wzt 3k AL AAste] WakEl &
gobaL, o] A E ALG-she] of 25}l

> N
[ o 1o
_}LHHE

uly

°
x

{t

> D
Mr

2
[\
2
ne
rlo
el
)
B

[104]  AA]

=8
=)
olo
~
=
ol
Nl
32
2
N
N A

Rl 22 f X
m

oL
225
)
= n@
o o
DORN T
e
W
-— ¢
oo m[o
S
_& f-

LN %)

¢
ol
S

P 5
3
¢
e

7
A skgict. w

N
it
iz
i)
j?L'

Mr 2 of N
& x

o w

o Ho

iz, off

olo 2 39

[105]

[106]  AAlol] 7: e}l 7hpEitsl = ol i $F MALDI-TOF 2 g 4]

[107] AA o] 6ol A A2 Zehal 7 sl B HAEE A4 ] Ak, g5
Al 73R8 & o] tshe] MALDI-TOF-MS(Matrix Assisted Laser

Desorption/Ionization-Time Of Flight-Mass Spectrometry) w212 5=3] 3} 31 1},

A AT el 6ol A 315 o] of e} HA RN E FelE 4] - FeAl(PSO)
Tt E A E L uls 3 Y 384 34 Fhof] 31 2,5-dihydroxybenzoic
acid (DHB) 1 uL$} 1% THF7} 2338 §908 &8st AzA Z . 4 A S S
377 nme] B~ A& glo] A 7} ¥FA] ¥ Ultraflex T A & +-4 7] (Bruker Daltonics,
=2l)2] MALDI TOF MSE o] -&-3}¢] ¥413}%1 ). 700 - 6000 m/zoll A o] 23}
2 HEAL o) A 200 H o] A AEoEH-E Ho]H & 4] 5te] g 5atglt

[108]  AAel 79] ¥4 A¥E w7 WX = 9L 7] F 4 A 60l YERNSIT o] &
L A ol e A o, ago] wol A FelE Fekzl-S 200°C, 30
barZ 1o A Zh8l g 735 S eFo] = o] Wb 9= ©F 759 - 988 Dao| 1 4L,
& 27004 A el sk argol o] A Zebzl vkt =2 flElol =
B A e 789 - 1632 Da W o] At} 7hE-&l vk-g 271 250°C, 70 barol] A
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Aeg argo] g Fepal 7k Eell A8 FEol =] FAME-2 952
-1638Da HAE Bt} ol An2 Ry FA 7t &9 ¥ AES
7h sl ) A e ekl o] A 9] 116 - 126 kDadll v &l AL A] 7hA- g
AL ¢ 4 ) 7R =0l =4 8= F Bl o] =& Mascot Database &
Agste] FA4staL, o E = el 2 E 3 4 WA 60 HER SLT

[109] ¥ 45 5ol W FakA 7F=E8 & 2] MALDI-TOF 2 2 #49(200°C, 30 bar)
A g, 357 e g2 el 7kl = ol o ¢ MALDI-TOF & &
F-21(200°C, 30 bar) A=, & 62 3150 W Z}al 7hEH-a] Eof o gt
MALDI-TOF & & ¥-41(250°C, 70 bar) 2 3 & 27+ B o] 3=t} (3£ 4 WA 69
FAE ko] A~ C-A] A H| Q) D-of A9 2 EAL E-F R Fal d oeh
G-= 8 A, H-3| 2B H| [-0] A F21, K-2 21, M-H E] .1, N-o} 23} 2} 7],
P-Z &5 Q-=FEW, R-ol27 W S A- T-Ed o, V-ibal W-EHET
Y-E| Z21; *of] 4} 1 E}o] == mascot
] o] ] H] o] 2x(http://www.matrixscience.comd®l| A <1 7}5)

[110] it 4

[Table 4]

a0} W etz 78 & o] MALDI-TOF & % +-41(200°C, 30 bar)
m/z Molecular weight (dalton) |Predicted peptide” Intensity
760.13 759.12 K.TKATLAR.M 144.83
762.12 761.11 K.RMDLAR.I 212.60
764.14 763.14 K.VTFNRK.Q 129.75
889.63 888.62 K. ATLARMAR.G 181.04
891.62 890.61 R.MARGAMVR.F 178.46
953.29 952.29 R.FVFIYQH.- 282.55
985.22 984.21 -.MKIITAPAK.K 3335.74
987.21 986.21 M.ADAELEAIR.Q 2814.04
989.21 988.20 K. TLWHCSDK.L 987.93

Ex

[111] 5
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[Table 5]
150 A e 7F4 8 & 9] MALDI-TOF & & +49(200°C, 30 bar)
m/z Molecular weight (dalton) |Predicted peptide” Intensity
790.36 789.36 R.SDGSRIR.F 114.43
1121.27  |1120.26 - MIQMQTKLK.- 91.13
1133.11 1132.10 K.DAAADKAEDVK.D [150.02
1146.10  |1145.09 K.EGLGKLTGNEK.L ([138.77
1148.09  [1147.08 R.RYANIGDVIK.Y 70.98
1217.12  |1216.11 K.QLDTLGNDKGR.L [2173.88
1219.12  |1218.11 K.DAVEDKVEDAK.E [1036.45
1221.11 1220.10 K.KGDVYDAVVVR.T [169.52
163392  [1632.92 R.SAQFMKIVSLAPE (120.54
VL.-

[112] *6
[Table 6]
a0} W etz 78 & o] MALDI-TOF & % -41(250°C, 70 bar)
m/z Molecular weight (dalton) |Predicted peptide” Intensity
953.30 952.30 R.HAEVVASIK.A 5328.47
955.30 954.29 R.SVDPGSPAAR.S 1027.45
976.27 975.27 -MKTAQELR.V 398.92
1369.13  [1368.13 K.INLLTGSASESVYK. |163.41

A

[113]

[114]  ZA[e] 8: Fehl 7hpatalzoll th g ofpv it A 44

[115] A 7ol Qe el e Ra B A% Z457] 9stel, 858
PR R o] obn] vt 24 WAL Sl Ch obul Ak B 141 S 98

S430(SYKAM) o} =4k b #-41 7] & A5t 3l vt
KO7/Li (4.6 x 150 mm)&] 5137 - 74°CE, 54| pH =290 - 7. 953
SHATE ol 542 1359 0.45 mLe] 7ol 4] 5 mM p-toluenesulphonic acid & 2%
AL-8-3} 131, 5 mM p-toluenesulphonic acid¢}, 20 mM of Bis-Tris, EDTA 100 m2]
TS B 025mLe] FEoR TAE A AJeko F AL EEQ ) v
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¢

o] W] 7}

°F 32.38 - 35.25%°] 2t}

=, Al
T

(]
}\}1\_1_.

oln] =4k Fof] =2] 2l (glycine) ] &0l =

of 4ael 7}

[e)

27.90 - 29.44%, 315

ok

=
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[Table 7]
e 7hg it E o] o] Ak 24

(mg/g)
ofu] = Ak 24 Bone collagen hydrolyzate  |Skin collagen hydrolyzate

Temperature (°C)/Pressure(bar)

200/30 250/70 200/30 250/70
EAZA 0.3240.03*  [0.2740.02*  |0.20+0.01>  |0.16+0.01°
ER- 0.40+£0.02:  |0.48+0.03*  |0.18+0.01>  |0.26+0.02°
o}~y = E A} 2.28+0.05*  [1.89+0.04*  [0.99£0.04>  |1.01+0.03¢
slo] =EA| L EH 5.99+0.09* |5.33£0.07°  |5.37+0.08>  |4.71+0.06¢
Al 1.67+0.06*  [ND 1.08+0.04>  |ND
= A 1.1740.04*  |1.24240.04+  |0.73£0.02>  |0.64+0.03"
zEd 13.2040.12> |11.5240.17¢ |15.36+0.11=  |11.92+0.15¢
=2l 40.86+1.80* [35.26+1.12° |38.56+1.15* |33.59+1.25
ety 24.82+0.88* [21.19+0.82° |24.83+0.92 [19.36+0.78¢
a-ohm] = E] Z AL 1.09+0.04«  |1.1540.03*  |0.59+0.03>  |0.31+0.02°
sl 4.44%0.15>  [4.0740.18  |5.2740.16*  |3.89%0.11¢
Al =1 2.6140.09¢  [2.28+0.08:  [1.70+0.08>  |1.36+0.07°
B 21 2.2940.07+  [1.3540.08>  [0.64+0.03c  |0.5940.02¢
A 2= BHE] - 3.3440.100  [2.80+0.07°  |1.4240.06c  |0.88+0.04¢
o] &2l 436+0.15¢  [3.7740.12¢  |1.78+0.09>  |1.42+0.08°
2l 8.0540.18  |4.0720.11¢  [5.3340.15>  |4.47+0.12¢
E] 2 A 5.3420.16*  [4.53+0.11°  |1.90+0.08  |1.63+0.09¢
Hddad 6.03£0.13+  [5.89+0.11=  |2.30£0.10>  |2.02+0.08°
B-&tetyd 0.0120.01  [0.04+0.01  |0.02+0.01 0.010.01
B-o}v] =Bl 241 0.18+0.02  [0.12#0.02  |0.10+0.01 0.110.01
v-ob] =-n- - E] Z4F 10.03£0.01  |0.05£0.01  [0.03+0.01 0.03+0.01
S| ~E 5.46+0.11¢  |3.50+£0.10>  [1.93+0.08  |1.73+0.07¢
sl ==A 2] 0.1320.01>  [0.5540.02¢  [0.06£0.01°  |0.43+0.02¢
AR 1.0940.05>  |1.0120.06>  |1.91+0.062  |0.83+0.04
24l 7.08+0.12¢  [6.7940.10¢  [4.21+0.11>  |3.6420.09°
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o Bhz-o} w1 0.79+0.032  |0.62+0.02° 0.4620.04¢ 0.28+0.01¢
ol=7|d 3.42+0.09@ |ND 2.11+0.08> |ND

[117]

[118] A 9 A st Ra = ol shabsl s B

[119 Aol 6ol A A2 Ze}7 7t B datsl 2498, DPPH A #hu] 2
o715, ABTS A 2 A A A5, A 391 ¥ (Ferric reducing power activity), Fe>*
Zdol' 24 o= alstgitt.

[120] DPPH A §- &ft] 7 A7 AW

[121]  DPPH A &F A &7 41S f18he], 7hatall A 3o thekst
0.1 mLe] Za}Al A Eo] @7 Test tubesel 0.1mM DPPH ™ EH2- &9 3.95mLE
=] 7]:51114 iﬁLEV__ Z+7F 10% ZoF iﬁ]—o} ol—N 01]7\1 305 FoF A}L oﬂ}\ﬂ
W& T 517 nmol| A Z 5 AZo S =E = 57@ 3} t}. DPPH A} radical
A2ATE Us A28 A4E ok

[122] DPPH 2}t ZF 22 5(%) = (1 - [As/Ac])x100%

[123] (Asi= 517 nmoll A SAHE ABE2] &35 Aci= 517 nmol| 9] 5428

[124] TSI A S Ao (gl trolox/] thokdl F ) o A A
7o AxE B B8}

[125] ABTS+ A5 2] 2 A A #4145

[126]  ABTS+* A o] d Al A A48 & th&3 o] 3313 ok 7mM ABTS
A3 2.45mM AR 8 NS 1019 R 2 E3slar, el ol A Ab-
2704 BEGA| A ABTS & NS Al x8ka1, AMS el 12 - 16A]1F 5t
H A

[127] ABTSh@Lou S 734nmell A & F 5271 0.7020.027) H =5 80% ] gF-E2-o]]

15}a1, 314 H ABTS+ 29 3.95 mLel] PSC 2 1 7531 & A< 0.05 mLE

I7he ohg, £ S o T2 A A 6 FF A GEHE FrA ST

=9 53 %= 734 nmol| A =433 TF. A} radical &7 B4 ABTS+

EZ gy -2 g2 o g ALksksit

[128]  ABTS* &}t Z A7 5 (%) = (1 - [As/Ac])x100%

[129] (AA714, Asi= 734 nmol| A Ao AF2] F3F50]al, Act 734 nmol| A &2 g
SORL sl

[130] AP AE5E A -280% W EHE trolox 2] T w1) oA Arg gt

[}

b g 5ol A

Holm N o
e N _l
muénﬂ'
mruL

[131] A 3199 H-21 W (Ferric reducing power assay)

[132] PSC A& A 7lridll &9 Fer 18 & 3 g2 Wy o= 717}
At o). 7hasl] %ol thFEE 5 =2 0.125 mLe] PSC A &£, pH 6.6%]
0.2M A4t 58N 0.625 mL, 1% 3 &) A 9+ 3} 2-F 0.625 mLo} = ,;s}Oﬂu} o]
S 3HES 50°Cel A 20% F <t vl T 105 5 <F 3,000 rpmoll A
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10% Eg|E 2 2o} EAF0.625 mLE 7} 819t S A= 2H | omLS
ZH51.0mL 2 0.1% 934234 1.0 mLe £33 o). 28] 32 700 nmol A
SHEE A59519 0. FH o e g St AHol = Ao R

e
[133]  Fexo] Zeo] =3} 344
[134] M 0] Fe2+ Z] 9 ]E sES ey g vhd o 2 AAE ) 7S
ZF o] thokdl H oA PSC A& (0.1 mL)S 7 3.0 mLe} =333 v, =3k

2 mM®] FeCl, 50uL} 5SmM ferrozine 0.1 mLE 7} -3l 5192 PSC 4 &l
2y A7bstaL, Aol A 204 E <k v kel o] ol 562 nmeoll A 3 =S
SAsIA o e 559 EDTAE ¥ A 82 AFEalth /T8 24
2" 0 2 AL-8-31 9T}, Chelating activity (%)E 8}7] 2] o] &35} ZA|4FsF3

[135] Chelating activity (%) = 1 - [As/Ac])x100%

[136] (1714 Asi= 562 nmol| A Ao H A2 &34 5 Ac= 562 nmo| A A4 th 27

+35)

[137]  E 2AAde ¥4 2395 5 10 WA 13 ‘;—l st7] 3 8ol e ST & 102
o] el A A FeE Fehs o E vhES Bl 3 g vk =
DPPH &}t Z &7 5 & YEb 21 2 2 "5 % 10 mg/mLoll A ¥] %] &
gakshd & Bola 9tk & 112 also] o} Ao A 2] ¥ Fek2(PCS)2k
7hEisl=oll ti gk ABTS &A% 57482 vlulgh A3, 7hedtall &9 aatsiAd o
Zhea e Febzl 2ok A vEbETh 12 2 13- TR o] Fe
Zh el o Fehall fleto) = R Tkt a & o] Fer 39 ¥ 7 Fer A H o] E
ol &t A5 Yt A28 ofF FehAl e Thrital] AR FEukE
F9] Thpit ol A w2 & & Bolal ot 7kl jEg &3 250°C ¢} 70
baroll A - a15o] HAE A el Fepzl o Tkt el 52 vhdgh s o) A

o] ol A He]E Febzl vh el & R T Fer 3l o] A A YR

o] W el A o] Fahall T el =2 v g Fer A # o]’ A3 E Vbl AL
RomE alFo] wef fHao A elH bzl 7t isl =2 Fexr A # o] B
7158 & 9 J5E Bl a1 T} a1-g o] W)l A &] PSCs ICs, k- 200°C, 30
bar Z 7 | A 78l ® A Eofl A 8.21+0.15 mg/mL, 250°C£} 70 bar =71 of] A
7R g AR ;oﬂﬁ 7.2740.14 mg/mLo] o, a1go] HA2 A5 200°C, 30
bar Z71 A 7hpEaall E Al 52 7.91+0.11 mg/mL, 250°C, 70 bar 2= 71 ol A
7hr R E M E-2 7.01+0.12 mg/mL e ICs, kS B.o|aL glt}. ol ef & 8-S
=&} 2 7553 5 9] DPPH, ABTS #4t] 2 &A% 2 Fex+ Z @ o] B 4 (1C) S
HolE= Ao 2 A, o] 52 reference 4t H.UF 0 += 412 ¢k = 3t}

[138] 8
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[Table 8]
b7 7hEl & ] DPPH, ABTS et 275 2 Fex Z ¥l ol & &4 (1Cy)
Activity Collagen/Reference ICso(mg/mL)
DPPH #}- i o] Fh 7l 7F 8l 2(200°C, 30 bar) 8.710.14¢
S 2715w o] sa)al 714218 2(250°C, 70bar) 8.38+0.13¢

[139]
[140]
[141]

A9l Fe}z 7h4 58 E(200°C, 30 bar)  |9.57+0.12

Aol Fe} 7h4 58 E(250°C, 70bar)  |7.58+0.100

Trolox (reference) 0.35+0.05¢
ABTS free ol A 2] ¥ bl 10.77 £ 0.11¢
radicalscavenging |uj o] s12}71) 7}4= 53 £(200°C, 30bar) 4.18 +0.07¢
o] Al 7H4=4-8) 2(250°C, 70bar) 2.61 +0.05
HANA Feld ek 12.12 +0.13¢
A2 Fe}7 7448 =(200°C, 30bar)  |4.05 + 0.08¢
AR FA 7H4 58 2(250°C, 70bar)  |2.50 + 0.050
Trolox (reference) 0.25 £ 0.03«
Fe2+chelating o] =} Al 7F=+-8l = (200°C, 30bar) 821 +0.15¢
o] g} 7F4= %8l & (250°C, 70bar) 7.27 £ 0.14°

Aol se} 7h4 58 E (200°C, 30bar)  |7.91 +0.11¢

A &7l 758 2(250°C, 70 bar)  |7.01 +£0.12b

EDTA (reference) 0.34 + 0.06*

A Ao 10: S19A] = H(VOCs) 4]

algo] wel 7 Ao A By Zeball o R A B L= vhekeh S
AE %9 3 100 HERH AT oA Gr2] 7Rt =4 whgol] ol Ak
Lol wel HAo bl Eels A A f71 EEE gl AAY
A =22 DA 771 B2 o] A E A aLigo] wel el M Arke =l
Heto] =9} o] =ito] -9 ZhpEEa Eoll A T4 U 71 =4

%ol ] methylene chloride, methyl ethyl ketone, 3-methylbutanal and
2-methylbutanal> F 20l £ G F= Aot o] A 77 =242
oFAA Frell ol g Tkt itg A 2] Ao aLgof w e} 71 o) Fehzllel A
A E = A F7] =2 R HA ol g gs A o) -k ltt skl 3 9=
ol W Fehla Tkt s = o 2 = A (VOCs) 245 A4 Bofae

|t}

ok

o,

urd

2
o
>~

i

S
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[Table 9]

ago] w FHe Al 7 Tkl Eoll th gk 3] &2 (VOCs) &4
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Volatile organic Area (%)
compounds Mackerel Mackerel Bone collagen  |Bone collagen
bone bone hydrolyzate hydrolyzate
collagen (200°C,30bar) (250°C,70bar)
Ethanal 3.50 ND ND ND
Parapropionaldehyde |15.57 7.53 ND ND
Furan 2.21 ND ND ND
Methylene chloride |[ND 1.89 3.04 2.11
Isobutanal ND ND 14.42 14.90
Propanal, 2-methyl- |3.14 ND ND ND
Propanol 2.52 ND ND ND
Butanal 9.85 3.58 2.50 2.16
Methyl ethyl ketone |2.75 ND 5.50 6.76
Furan, 2-methyl- 1.50 ND ND ND
2-Butenal 1.60 ND ND ND
3-Methylbutanal 5.67 ND 26.61 23.11
2-Methylbutanal 2.89 ND 17.01 16.03
1-Penten-3-one 3.40 ND ND ND
2-pentanone ND ND 1.18 1.44
2-Ethylfuran 4.01 ND ND ND
Furan, 2-ethyl- 9.44 ND ND ND
Heptane 2.17 ND ND ND
2-Pentenal, (E)- 1.69 ND ND ND
1-Pentanol 2.51 ND ND ND
n-Hexanal 9.65 5.03 1.26 ND
Heptane, 2.09 ND ND ND
2,4-dimethyl-
Heptanal 3.93 2.02 ND ND
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ND

ND

2.07

2.70

Octanal

[143]

A ZEAVOCs) A4S

3t 10

[145]
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[Table 10]

aso] A Al sl ol thek SE A = H(VOCs) =4
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Volatile organic Area (%)
compounds (VOCs) Mackerel ~ [Mackerel  |Skin collagen |Skin collagen
skin skin hydrolyzate hydrolyzate
collagen (200°C,30bar) [(250°C,70bar)
Diethoxyethane 16.66 ND ND ND
Propionaldehyde 22.37 8.13 ND ND
Ethyl formate 4.48 ND ND ND
Methylene chloride ND ND 5.15 3.09
Isobutanal 1.48 ND 14.13 14.09
Butanal 7.78 2.64 1.85 2.36
2-Butanone 2.22 ND ND ND
Methyl ethyl ketone ND ND 6.03 6.61
Chloroform 1.91 ND ND ND
2-Butenal 2.58 ND ND ND
3-Methylbutanal 2.08 ND 19.18 20.05
2-Methylbutanal ND ND 12.49 14.48
1-Penten-3-one 3.11 ND ND ND
Hydroxycyclopentane 8.90 ND ND ND
Furan, 2-ethyl- 2.58 1.32 ND ND
n-Heptane 1.58 ND ND ND
n-Hexanal 6.92 5.27 ND ND
1,2-Butylene glycol 1.38 ND ND ND
Heptane, 2,4-dimethyl- |2.01 ND ND ND
Cyclotrisiloxane, ND 1.34 ND ND
hexamethyl-
Allyl Isothiocyanate ND 1.29 ND ND
Heptanal 2.44 4.72 ND ND
Octanal 1.31 3.90 ND ND
Nonane, 1.53 ND ND ND
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379

ol W, A L gL FAE Pl MR s ol el

Aol JofA,

A7) A E2 e S AL 3,000 Da ©| 3Fe] ¥-AFES 7FX]) = Al

o) fref el A A Fetdls 55 WYL

Aol JofA,

Nﬂ7w1*@ﬂff 5o+ 150 - 370°Ce] &% 2 5-400
ar Fe 9] 20| AFEH = A SH LR &, o] 7 9

Hfﬂﬁﬁﬂ IS 55t W,

Aol JofA,

A FHepll S b ThE R El vEEA Y] = B

oA, 11z X - o F 7 FAE AR 2 E] AL Ao
] S|

rrz
rE

ﬂ%ﬂmﬁ1 i%%lSJﬂwaﬂ =
A GA E BA] A el arso]
o]

Al1akel] 9lof A,

AR Fepll g FE5hE v A= 4
AAS 1:20- 1:50 (wiv)2] v & =2 3|43 <

A el steE 9 gk 8o Aol of 5
AA dHLS 1:20- 1:50 (wv)Q] HI &= &
Aelsh= Gl R A HelE also] g ol Eol fAls
7heto] 7hpEat-sllsbis B Al E EdSE S, o 7 frElle
A2 Faals 5 W,

o} i ), A L o A E el A A B E = st o] e
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[Fig. 5]
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[Fig. 7]
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[Fig. 10]
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