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This study investigated the potential of collagenous protein fractions (CPFs) as functional foods. The specific CPFs
studied were recovered from the roe of bastard halibut (BH), Paralichthys olivaceus; skipjack tuna (ST), Katsuwonus
pelamis; and yellowfin tuna (YT), Thunnus albacares through the alkaline solubilization process at pH 11 and 12.
The buffer capacity, water-holding capacity and solubility of CPFs with pH-shift treatment were significantly better at
alkaline pH (10-12) than at acidic pH (2.0). At pH-shift treatment (pH 2 and 12), the foaming capacities of CPFs from
ST and YT were improved compared to those of controls, but they were unstable compared to BH CPFs. The emulsi-
fying activity index (EAI, m?/g protein) of CPFs (controls) was 16.0-21.1 for BH, 20.1-23.9 for ST and 9.3-13.7 for
YT (P<0.05). CPFs adjusted to pH 12 showed improved EAI and YT CPFs showed significantly greater emulsifying
ability than those from BH and ST. CPFs recovered from fish roe are not only protein sources but also have a wide
range of food functionalities, confirming the high availability of fish sausage and surimi-based products as protein or
reinforcing materials for functional foods and alternative raw materials.
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ol A EFs 7] 7H(Food and Agriculture Organization of the
United Nations, FAO)2] 5-A| o]l wh 2, 2015 2] & o] A AF
2R0 ok Dol Eolg}il 519 0.1 (FAO, 2015), <L 10W7F, -2
Uete] $0|AAEE B 3277HE 2Z0]THMOF, 2017).
ol & oA 7hy B AlE Al Al WAEskE W, A,
frame, B|5, W4, & 59 B|7H] 7He-FAakEo] & of 7 ik
9] ¢F 30-60%2 Z}A|3}aL(Narsing Rao et al., 2014; Klomklao
and Benjakul, 2016), 7887 Zol s Al 2 2ot
227 A eEo] YR AT oF 10u] o)4fo] dhaygitt
(Lee et al., 2017; Yoon et al., 2017). A - HARE 9 71
Ael4=o] GUA 7= A EAE Y T GO R A =

OB A RAE oI5t Hrt. whebA A AR R
FE FoAE BES 3lpetala) ok g 4k A
o] 8- 913t AH|-8-9] M2g TS FAtst= Ao] 7155t
7] wj&of vl 23}tk Heu et al., 2006; Kang et al., 2007,
Kang et al., 2015; Kim et al., 2015; Lee et al., 2016b; Lee et
al., 2017; Yoon et al., 2017). AV - ANE A 7] gl
T TRl O] 3]0 o] gof] T At BA(Kim et
al., 2014) 2 A3} A (Lee et al., 2016a), ==+Al 2! A2}l (Heu
et al., 2010; Lee et al., 2016b), 7}5-# &]4(Lee et al., 2017;
Yoon et al., 2017)¢} 22 3-8 75429 34, A 5=
=(Lee et al., 2016a; Binsi et al., 2017; Yoon et al., 2018b),
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Ha)E(Lee et al., 2016¢), &4 7[E-3l&(Noh et al., 2013;
Intarasirisawat et al., 2014)2] Az L A&7]54(Park et al.,
2016; Binsi et al., 2017; Yoon et al., 2018b), &4 12|11
o]9] A 2]&4d(Heu et al., 2009; Intarasirisawat et al., 2014)0]]
tfstel s A7} ol 2of ek,

o5 qolA Tl 5155 98 R0 FHolE 258 5
3} 3]4>(Kim et al., 2014; Lee et al., 2016b), A =Z(Binsi et al.,
2017), 7FE A4 2] (Lee et al., 2016; Yoon et al., 2018b), Thal2l
o] §o1E B4 o 347180 L AL ol 48 58 (Kim et
al., 2012; Kim et al., 2014), A/2z+2] 71-8-8} 9l ) 7 (Kristins-
son et al., 2005; Lee et al., 2016¢) 5= &35} Q. £3],
7re] 1getBAL THE A Uaol A, WeIA o
BYE] BB 9 AT Ho|oo] 7184 ThaAS A7 e
2702 A gejo], A7) B49] AR collageno] Lt
gelating: 3]4=8}=0] -85kl glom, o|e} de] 5% 718
SHAATEL ot AR 2RE AVILE E o]§-sto] T
A e 7HEERE 5 (284 T EAY), 7Hg-ekElRol o
Stof Tl o] Goll=r} 247t B T oA T
HAAA 3]431= HHo|th(Nolsoe and Underland, 2009;
Lee et al., 2016¢; Alvarez et al., 2018). 121} Q72| Tzl
A AME S Y] i 4] F R ARGl wet 7HE
3t 34 Fol 30-60% F =7} 7HE} = oL, Y x| RE B8
A o] ZAkE JA Eltk(Nolsoe and Underland, 2009; Lee et
al., 2016¢; Yoon et al., 2018a).

T, $A17L g AR S0l A ol 7 2(fish roc) & o} ok S
EI AL Wb, PRN(11%), LRFRBAT) L 2
2Al(13%) %5 wha8 2 (Sikorski, 1994; Heu et al., 2006) 2 L=
Z)4FAH(Mahmoud et al., 2008)0] ZH.3F 116 oF 4 o] A1 77}
Holx|ut, Aoju} Hdo] &4ef 7HH|oi(caviar), T, L
A& AR PATRFL 2o o] 82 R ofF9] of o
aff =gt =] o] it

S2uteke] dizk Aol Y AI(BH, bastard halibut Para-
lichythys olivaceus), Q%o o] 724 A 529 7+
A= 21 7eh=doi(ST, skipjack tuna Katsuwonus pelamis)2}: 2
o+ o(YT, yellowfin tuna Thunnus albacares)= % %221 H
7124491 ol A SeuetE HIESE Al Al A E ] 48] E
= oFolth o] gt tharH] o= AF E 7k Alol] T
7R RabEo] WS HH, 53] Y7 S GO A
E AASEFY 1.5-3%5 A}A] etch(Intarasirisawat et al., 2011;
Chalamaiah et al., 2013).

QFx1 9] - L(Lee et al., 2016¢; Yoon et al., 2018a)o| 4] o]+
o] e 7Hgst 34 SollAl 2t ddE 2848
AR S T8 R RN JdHor 9
shlom, ofn| Al 2445412 B8l ol F & Hrt Gly, Pro %
Ala®] 2387} 2-4ul7}5F =0} 2214 (Heu et al., 2010; Lee
et al., 2016b)2] ofu]i= Al 2Adu] e} F-Als|e] collagenous pro-
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tein fractiono|2}al 1 118k v Qlct.
wheba] o] Aol A= thiE AlF A &2 o] 8 H 4] Hoh= g
A, 7hekrol Bl stheo] &of e 7hgee S Sl 2
ot odzbe] B-843 502 A collagenous protein fraction
(CPF, Zepdld e d sl 2)o] thstod, pH-shift %|2]of wh
5 ot B4 2 AF7ISS
A& HABHL, o AAX] B AAIET B AR
ZoF ohefRt AlETe ] T s B A Tk

b

&3
A
Jo

M=

Y X|(BH, Paralichythys olivaceus)= 53 A A A
ollA Aolslis A Felsto], AFAR Syl 5, 9k 2}
o] Aglo|| AR o™, 71thedol(ST, Katsuwonus pelamis)
2} Seeol(YT, yellowfin tuna Thunnus albacares) 42 &
A4+ (Dongwon F&B Co. Ltd., Changwon, Korea).2. 2 ¢
SALH R 2 ot ARgSIRIT: Aol AMgsh] ZA7HA]
polyethylene bagell Wi5-5o] -70°C ol A] B35

Collagenous protein fraction (CPF)2| s|4

o] &= HE CPFs9 3|4+ Lee etal. (2016¢)2] Thna &2
& 354 59 ¢ 7He g ol whEk Al 2kl £,
7% 9k 100 gofl thsto] 6uiZHwiv)©] EHo] 842 fatar
Z7](Polytron® PT 1200E, Kinematica AG, Luzern, Switzer-
land)2 +#23K12,500 rpm, 3 min)3t tS, 2 N NaOH-Z A}
43lo] 217} pH 11 (HE5% 2.2-4.9 mM NaOH)3} 12 (]
F5% 3.3-5.9 mM NaOH)2 2435} tt. o|oj A &z 7}
$BHAT, | IS 73] the, BAREE HAISHgT(Su-
pra 22K, Hanil Science Industrial Co. Ltd., Incheon, Korea;
12,000 g, 4°C, 30 min). o]u| o} A4 A= A=
£ 53l £uslele], CPFs2A4] 2+ BHCPF-11, BHCPF-12,
STCPF-11, STCPF-12, YTCPF-11 ¥ YTCPF-12& #A|3}4L,
AE7)540) £Alel g 3lsict.

AE7154E 54 9% 1% (wiv) CPFs EAtallo] thul
A H = Lowry et al. (1951)2] Wof upe} Fchi a2 A
bovine serum albuming ARE-3lo] L5k Ak Bl =4
stk
UES

CPFs2] £+5-5(buffer capacity)> Park et al. (2016)2] ¥
of whet Z438k¢Ick =, 300 mgo] Al #o] 30 mLo| go] &4-=
7Fske] 1% (wiv) o] w4t & 2 A5 ok, 42%2] 0.5 N NaOH
E= HCRS A7F5Ha A, pH 2-128 9lol A 1 9914 ] pHE 1
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sFoh=t| 228 5= NaOH % HCI9| H3|& 7| 53310t o] uf
Zf pHE 24 9fsl] A7Igt deiel ko) ok 2Atl o 7
712 S78to] 2t pH'd 241eo] NaOHS} HCIe] HF-515
AArslALt. o) & S 7 Al 2 250 1 go] A|Rof tf5le]
1 ©+91¢] pHE ¥g}al=t| Z 23t Hy mM NaOH E+= HCl
o] E=2 e .

EPS

CPFs¢] 2= (WHC, water holding capacity)= Park et al.
(2016)°] "sioll whet 745kt 5, 50 mL o] 4] 300
mg®| Al 72} 30 mLe| Hol2pE 7l Ao 4 1027t vor-
tex mixer AA5HA TF5H0] 1% BANT RS 245
o, o2 0.5 N NaOH E+= HCIS 3718l A pH 2-12
Heloll A 26k o] pHE 243t 7 pHHYE 4t = 2A4]5F3)
t}. ofolA o5 A4S ¢4E2](12,000 g, 20 min, 4TC)3F

o, <L AR FAIE S 5o] 2wt} ZF pHE Aol
gt Bl S offf o] Ale F5to] UrEh Sl

KX
=
=
ha

Weight of pellet (g)-Weight of sample (g)
Weight of sample (g) x C

WHC (g/g protein) =

o174 C= Tl (%)= 2 mlst3iet
ol

CPFs9] thildl 83| (protein solubility):= Park et al.
(2016)°] Wriol whef Z74sk3ie). 30 mLo] Zol2=of 300
mg Al 25 E3sto] 1% wAtlS 243 thZ, 0.5 N HCI =
= NaOHE 244 0] pHE 2-12 H 9] o]l A 204914 pHE 274
SEALE o5 AtelS: Ao A 30 & 5 SHESAIRI T,
AAIEE](12,000 g, 20 min) S AA3F T Al 2 0FEALA 7] o
Z(control)?} Z} pH'E 24t 0] A3-5-ofof] dijgt el o] &5
I Lowry etal. (1951)8] W of] wp2} S45}al, Z4keof 7
& Foto] Tl etES Albskgiet. ZF Al 28] 5 Tl 9
2 20 mg®] Al &) 0.5 N NaOHE AHg-sto] 2 5] 7183
gt &, o]o] e Feot HulS SAsto] FElGITh o5 F
3l Al o] Thld gaf = v o Ao whet Alibskar, S5
= F 4 33] vhEsto] AAfste] Hot + FEHAE Ve S
o}, obge] ook pH 243 A 17he] Tl geies
4% v askeich

. Protein content in supernatant
Solubility (%) = - - X100
Total protein content in sample

g4

s
CPFs9] #ZA(FC, foaming capacity)} 7= A(FS,

foam stability)> Park et al. (2016)2] o] whet 4514t
%, 25 mLo| H2ARE || 10 mLE| 1% A& #A4S &7
w3, o2 7](Polytron® PT 1200E, Kinematica AG, Luzern,
Switzerland)2 w2 312,500 rpm, 1 min)3}H T} 7&0] &
4 Al F=o17 AI7H0, 15, 30 % 60 min)E<et Aol A
ABHHA, & F e} AFE| FulE S5 5to] ol o Alof| wh
2} FCFFSE 15131t o] 1% Al & -4kl of] T 25H¢]
# pHE 243 Almsol HeiA®e AESds(FC U FSy&
S45to] pHE 24514 22 ti=H(control)2} A% B] w5}

of Lrebi gl

. . VT
Foaming capacity (%) = ET) %100

(FrV y
(FTVD

Foam stability (%) = 100

olul VI #4 A% % 27, V, = #9409 & 33, FTi
T4 45 AEe] 3], Freh Ve #0171 A7H=15, 30 and 60
min) 47} 9 AR @ F 232 ojujsieich
CERRD

CPFs9] 4-315(EAL emulsifying activity index)¥} 5-2}<H4
AJ(ESI, emulsion stability index)=> Park et al. (2016)2] B
of whet A 2k A& (10 mLo 1% 2ATH )= 418
(soybean oil, Ottogi Co. Ltd., Seoul, Korea)2} 1:3 (v/v)<] H]
&2 Esto] 7= 8 8K(12,500 rpm, 1 min)?k T, of
Aol g7l v AT 9] ofefjZof| A LA ZH(S0 ul)2] emul-
siong F3}o] 5 mL2] 0.1% sodium dodecyl sulfate (SDS) &
M} 3t o, 33 EA(UV-2900, Hitachi, Kyoto, Ja-
pan)E AHEsto] 500 nm oA FAsk 40| e
(A9 1087431 391 FHE(A,,, )& S4510] olafe] 4
0.2 77k EAT (m?/g protein)2} ESI (min)S 4313t

2%x2.303 %X AX DF »
IxoxC

EAI (m?/g) = 100

oltf], A% 500 nmof| 49| &g, DF= 3]41](100), K- 9
o] FH3k= cuvette] F(1 cm), o= SN Fofl A&7 A
A3k Hl(0.25) Z12|3 C= T o] s (g/mL) S ZH2f
Eh it

. A0 XAt
ESI (min) = ————
AA
olf AAE= A, O tigt A o SFES] 2], At 10

10min

minE 21| 5k3iT)
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Fig. 1. Buffer capacity of collagenous protein fractions (CPFs) recovered from bastard halibut (BH) Paralichythys olivaceus, skipjack tuna
(ST) Katsuwonus pelamis and yellowfin tuna (YT) Thunnus albacares roe by alkaline solubilization. Data are means+standard deviation
of triplicate determinations. Values with different letter within the pHs are significantly different at P<0.05 by Duncan's multiple range test.

SAXE

BE 38 2|4 33] o] A ukE A1A|5H9 00, B (mean) i}
xHAK(standard deviation)2 YEF I H|o]E]+= SPSS
12.0 K (SPSS Inc., Chicago, IL, USA) EA| = 2 132 0] 835}
o] ANOVA testE E3f BAFEAS A A|8}a, Duncan] th=
S OE g3 B(P<0.05) ALk

Znt W DA
UES

ofF A= FE & 7MY S Ol Bt e o
Hl 21 51 B(CPFs) ] ¢+5-5(buffer capacity)ol] tjgt A3}+= Fig.
1o YreFigict. A, pH-shift 2] A 1% +AFl(controls)
o] pHE 5.2-6.2% 912 YR Itk pH 2-6 13 912] pH-shift 2]

2|41, BHCPF-119} 12¢] 9155-2 1 ek9le] pHE ¥i3kA]7]
=4 ZzF Hat 36.5 % 36.7 mM HCl/g protein7} A~ 8 %%}
o} =3 pH 6-122] oA, BHCPF-112 1 ©9]¢] pHE ®H
3IA7]=Y| Hat 27.2 mM NaOH/g protein®©] 2515 0™,
BHCPF-129] & +5F (24.2 mM NaOH/g protein)©| A}t 4] 2
22 7o 2 golg]lc) 4 STCPF-113 122] 39, 1 ¢
9je] pHE WA 7)) pH 268104 212t B 177 2
21.7 mM HCl/g protein®] £ Q%% 2™, pH 6-122] H$ol|
A= 2¥2F 3t 40.6  36.7 mM NaOH/g protein®| 223}
t}. YTCPF-119] €58 20.8 mM HCl/g protein (pH 2-6)
1} 44.2 mM NaOH/g protein (pH 6-12)°] 1 ©¢]¢] pHE ®13}
Al7]=d a351%2™, YTCPF-129] $5-5(19.2 mM HCI
q 38.6 mM NaOH/g protein)of| H|3j| AF W 2b7ka] o] @ ek
o] W2 A o= ettt o) A3E F3l, AHd pHE Hol
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Fig. 2. Water holding capacity (WHC) of collagenous protein frac-
tions (CPFs) recovered from bastard halibut (BH) Paralichythys
olivaceus, skipjack tuna (ST) Katsuwonus pelamis and yellowfin
tuna (YT) Thunnus albacares by alkaline solubilization. Data are
meanststandard deviation of triplicate determinations. Values with
different letter within the pHs are significantly different at P<0.05
by Duncan's multiple range test.

A BHO| €550l ST % YTof| H|5}o] et 2 0 = vepedt vt
Holl dzhe] A pHE HolA= ST H YTE] €5-5°] BHe| H]
sto] & 702 FRIE QI T8y STeF YT = 7214
Ql 2pol S HERA] RUTHP>0.05). 3 e 7Hg-eked
of 9lojA% CPFs-119] $5-5-2 CPFs-120] H|sto] &4zt
pH ol Al 75t HhdHof A G Aol A= W3kt o8] 5
Aoz odzhel4 pHolA 9] eh5-50] AMd pHoll Bl =5}
&t} Chalamaiah et al. (2013)°]] 2]}, Mrigal egg 55
2GR FEEEo| vlsto] 50l ¢k, o= 55
0 Fo A gwo] Ab g @S ol $EFel %
¥ R Aapekal Buskgieh E3F 1 ©Helo] pHE WSk
7l 28¥= A Gl o] Hatd aspol 217 0.65 mM
HCI1 ¥ 1.22 mM NaOH/g 2.2, o] A¢ o] CPFs2] ¢+ H]
3l & A3] Wttt Mrigal (Chalamaiah et al., 2013), Cyprinus
carpio®} Epinephelus tauvina (Narsing Rao, 2014), S}t}eo]
SH(Park et al., 2016) 2 7}t}eto] &(Yoon et al., 2018b) 5=
HEF, 7231 gum karaya seed £'2(Narsing Rao and Govard-
hana Rao, 2010)2] &Z2] pHE| ¢h-5-0] Aol Blal|A] {2
% 0.5 b sjol, CPFso] Ald ket x5} el.

B4

o]& o2 BE 3]4=3F CPFs¢| ®<=8(WHC, water holding

capacity)oll gt Z3H= Fig. 20 YRtk WHCE 43
(hydration)@} ¥HARE Thald 7540 S = A Thal s} oA &
i Q7R 4B A% % 9l texturee] FHE T
ZItHMohamed et al., 2012). pH-shift %] 2]3}%] ko o 2+
(control) ©. &2 4], 1% BHCPF-113} 12 ¥-AtoH o] WHC= 717}
25.23}23.7 g/g protein®| 1 ., STCPFs (6.1 ¥ 7.4 /g pro-
tein) Z18] 31 YTCPFs (5.7 4 4.4 g/g protein)2] WHCo]| v|3}
o F55] & HpgS e ATH(P<0.05). ok oF Y
dze] 7Rgak2d 7ol = 19121 Q1 2ol & LrEk $itt tilapia
F2XE 3]4=3F thil 2] Ba]E(protein isolate)2] WHC:= 2.63-
2.51 mL/g (Mohamed et al., 2012) 2.2, Labeo rohita (Balas-
wamy et al., 2007), 12|31l Mrigal (1.79 g/g, Chalamaiah et
al,, 2013) & T p=mof wls, o] ¢15-9] CPFs7} @ 4|3
=2tth Narsing Rao et al. (2012)2} Chalamaiah et al. (2013)
L o)F QT 53 Bo] 7| BT RS SRS S5l of
Zhe B 552 S47](CO0 % NH3)S| £412 913
Hot fA & A Adehe S 71Qletia Huskgla,
Park et al. (2016)2 Sthdo] & s5E29 WHC7}4.1-4.7
g/g protein®. =, Labeo rohita (Balaswamy et al., 2007) & &
Zep AR 9 steha Haak ot glom, sjrkete] oF %
E2H(Yoon et al., 2018b)2] 7-9(3.7-3.9 g/g protein)= o] A&
o] o] v]5) WE WIS ey st

S, pH-shift %] 2]o] w2 WHCs2] ¥l tjafjAl=, A4
(pH 2)0] 4, BHCPF-113} 120] WHCE 747} 23.8 2 20.5 g/g
protein®| 1 2.1}, STCPF-112} 12 (31.6 4 21.8 g/g protein) ~1
212 YTCPF-113} 12 (25.4 2 29.2 g/g protein)of| H]5}o] T
4 -2 7ggFo] it BHCPFs (20.3 ¥ 26.6 g/g protein)@} ST-
CPFs (23.6 ¥ 27.3 g/g protein)+= pH 100]| 4] 12|31 YTCPFs
(25.2 2 21.6 g/g protein)= pH 122] &zHe] 4] pHH S0l A |
o] WHCE Y $ie}. 18] 3 BHoR= 22] ST Y T+= ©|
S o] o z520] Hlako] pH-shift 2]o] ]3] pH 29} 10-12: 9]
ol 4] <3t mEo] sholl 0 = A MaEle] M ATHE 917
=] 21ch 7} pHE WHCS| Q1014 = £-21 4121 2jol7} 14 E]3)
©O(P<0.05), AA A 0.2 BH7} STSFYTO| 1|3k w220
910] 248t TS LR et o] H7A7] A whakel electro-
static repulsion) ] S7}] 7]Q1gt Ao 2, SA™(pH 4 2 6) F
<R o %2 pH (< pH 4) E+= 52 pH (>pH 10)2 243
SOl WHC7} 5715k th(Azadian et al., 2012).

utebA pH-shift 22| = Q1sto] CPFse| YA 2 ¥sbh o
ofg oz A EHO eEH = e ofnlicito] T Eof 4
A Adstod WHCZF 57koke A ez Bl 3, of 7 4o
AR 220 pH 4-6% 910l A Al ofF 7S] WHC #2
S YEt =1 o]+ pH 4-6011 4], CPFs2] v 2] o] -3-3] (pro-
tein aggregation) = %A (precipitation) 2.2 <13} WHC7}
F A 3] fadt= AuE 28519101, Azadian et al. (2012)S
silver carp T2l B2l 59] 2|4 WHCE SAFH H29] o] 7
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Fig. 3. Protein solubility of collagenous protein fractions (CPFs) re-
covered from bastard halibut (BH) Paralichythys olivaceus, skipjack
tuna (ST) Katsuwonus pelamis and yellowfin tuna (YT) Thunnus
albacares roe by alkaline solubilization Data are means+standard
deviation of triplicate determinations. Values with different letter
within the pHs are significantly different at P<0.05 by Duncan's
multiple range test.

<(pH 6.3)9] pHelA] T2 lekar Hashgl. o] 2k WHC
0] 7+ 4= ekl A 31} E(protein-water)7Fe] A3 280 9lo],
w2 g opu| i Ako] 47| (polar groups)2] 471 F 8.8 o
& 517] fiizoll, 53] SRR = T Sdolu A
Ao FA4719 mEolut EA7E HdaE o] vehd Aitoltt
(Tan et al., 2014).

BT S5z

pH 2-12 #9]¢] pH-shift 22| f-of w2 o}F & CPFs9]
-3l %= (protein solubility) & 5743t A3= Fig. 33 2. o
A Eolees AR B, 73 e L A BT s 2
SR 7)Aol QRS vl 2l 88 ol A<(parameters)
o]t} (Kinsella 1976; Mohan et al., 2007; Azadian et al., 2012).
pH-shift & 2]8}A] &2 o) =-(control)2] 4%, BHCPF-11
I 129] gl 242 172% 9 21.5%2 AS7toll= &
o]2jel Ao|Z e, pH 2 W 129] pH-shift 2|3t
BHCPF-119] ©hil3 g3z 717t 16.3 9 20.3%= 4] BH-
CPF-12 (14.0 2 13.0%) 5.0} -] 81| =9FcH(P<0.05).
STCPF-11 ¥ 129] pH-shift 2]2]3}%] 95 control] &3]
L= 27 17% 9 2.7%E e xtels FEZ 20|71 ¢lal
O}, pH 28} 1204 STCPF-112] Thal A S-38)j =7} 2+2) 12.1
9 21.1%2A] STCPF-12 (11.9 ¥ 14.6%)°] 4|3} 2|5}

A~
T

=l A
it

<l

Al =2 S35 YERATHP<0.05). YTCPE-11 (1.9%)%}
12(2.0%)2] control €3l %=+ STCPFs2}+= #}o|7} ¢llont,
BHCPFsol] H[sto] 8415 ol o} 7k Zjol7} Q1 =gict.
$HH pH-shift 22| pH 29} 129]|4], YTCPF-112] Tl 2] -85
+ 247 9.8 W 13.8%%A] YTCPF-12 (7.8 ¥ 8.3%)X.c}
OJSHA| = UTHP<0.05). whebA] All ofF 25 AMd (pH2) 2 &
7243 (pH 12)2] pH-shift A 2] o 4i= CPFs-110] At A o=
CPFs-120]| m]sto] T gl =7} Lottt o]t At
+ pH 29} pH 129} -2 57+9] pH-shift ] 2] & & F=32] ¢
Zo] o W2 she wA HA, Hop e 4717 =E
HomA e B e s FIAA 5= U2 Snstaltt. of
=] T2 gl e el Al-chul 2] gl ekl 2L Gof) 7ho] A4S
Zp-gof| ofsf Fafe wrom, Tl F o] T Apd-Z A oS
o] oJ3f| FFE W=}l 3}tk (Mohan et al., 2006; Horax et
al., 2011). steto] & (Park et al., 2016)3 7FctEro] &(Yoon
etal., 2018b)2] 7}¥-7Z(cook-dried) 34 53l A|=35F ot
W F5ET] Soll== pH 12-shift 225 53l 22} 8.9-
9.5% L 12.9-14.2%2A], o] A& A1}of H]F=0], CPFs2] &3]
ERrHE2 A0 shelE gt o] g Aol 1A% 3
R PERECPE NP E R B R
Z719] leFo] Hrf o] ool wg go = vt HhdE
Zolg} Bt 9l ch(Sikorski and Naczk, 1981). wj2}A] 544
H(pH 4-6)] pHE 7| )3t pH-shift 4] 2] &= tha A o] g3
£ 7hAskE AL 2 YelRdtH(Kinsella, 1976).
e dds

Table 1-& | 2|(BH), 7Fehgo1(ST), 12]aL Fepgol(YT) &
o] 7h&8}abg ol Al 8]4=8t CPFs9] 413% 7| 554024 7%
ol digh Axkg yebd Zoloh WA AEA(FC, foam-
ing capacity)®] ¢, tiz=7++= BHCPF-11 (145.8%), BH-
CPF-12 (159.5%) ~L&] 3L STCPF-12 (120.7%)0l| A5t 7 &4
o] ol oz IHEA LK (P<0.05), A&7 (FS, foam
stability)2] 7~ BHCPFsito] AEZA 5 605714 41.9-
69.9%92] #&o| A=t} pH 2-shift A 2]ol| 4], STCPFs
(144.5 2 150.1%) L8] 3L YTCPFs (151.4 2 127.2%)2] FCs
7} BHCPFs (111.0 2 103.2%)0] H]8te] §-ojH 08 k5t A
EAL JeRf gl o, 0]59] FSs= STCPF-113} YTCPF-11
o ARE U5 QI 9S Ho]glrt. T3 BHCPFsi= pH 40] 4]
712]31 STCPFs ¥ YTCPFs:= pH 69114 7134 UeR)#]
Ao, o]= SHH F29l pH 49} 60f|4 2] E42(WHC,
Fig. 2) 1211 thal 2l 83| = (Fig. 3)2] Ak} Ux|5k¢ich ot
2ha] Bae gl gl =t AR T U To] 9SS AlAt
stal ¢lrk. BHCPFs®| FCs 9 FSsi= pH 6-12% 9] €] pH-shift
A e oA AgA 2 AFME o] FA = 9o, STCPF-129]
FCs 9 FSsi= pH 8121 $Jol| 4] U 21 =] 9& #o| it Al
o] @I pH 12-shift A2]o|A] FCs 2 FSs7} 0|5 o=@ o
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3 43S et glon, HAlA g AEA W AFEA
o] A¥= Et= BHCPFs7} ST YTOl| H|sto] A% FA45
o oA S8 ATHP<0.05). A% 7]5/dollA 71544 (FC)
2 AZOFY A (FS) S A]E0] Al 7H(refreshment), =28
A (softening) “12]a WeFdRo] A 22 =53 54
= FofRith TRl AFo] A= B¢ M2 AAE 571-9
¢ Al (interface)ol] A1) F2IE]= T ASS A A T
W2 9] £} (unfolding) B THal A 22t0] e 2] & A 2] A| =
of, e o] FAs| = A #F B0l FEtH(Damo-
daran, 1997; Klomping et al., 2007). Lee et al. (2017)2} Yoon
ctal. (2017)& SRS ET} 842 ABA o] S5 AT
& Uehfiel, AR50 thild Srrt AE 502 AR
FHAof 9lo] Z=Q 3t elx}e}ar B 1519 th. Intarasirisawat et al.
(2012)3} Chalamaiah et al. (2015)& o5& & Thal 2] 7}-Ba)
=ol Aadgo g QI thl R o] A 2t gal| w7 S5t

of A&/o] A= tkar 51l e, 42424 (hydrophobic) oF
0] =Abe] F7tE Qlsl E-37] AlHolA] 545] F2tE o A%
do] ZWAEHkaL Bargk vp Qi o]ef o] aaA|elE Sl
CPFs?] w2 8ol =5 Bk 7HHAIXITHA AE B85 % 7N
A= Aolg} wetE| ¢let. 3hA Park et al. (2016)2 Yoon et al.
(2018b)2 712l 7A% A 2] o] 7 o E BT 107.9-111.7%9]
AFE HEFH 1AL, pH 4-611 915 A| 213t pH-shift %] 2] o] 2]
off 7 Bl AAlS T3 AFAE A E kL skl L
2L} o] Al Aol vlste] A& F4d5ol JlotAl= EAIs| #
S A2 SRRIF Gt whaba] offF dollA Iz 7183k
< &9l 3|53 CPFs= 7HE-1 & F5gol vl A& 34
TOoEA O] AF7|5A ol Srstith

o5l M=
wat dds

43F5(EAT, emulsifying activity index)-2 water-oil 7] Hof|
A el o] oil 52Fsto] emulsions F/4d5h= 59 olH, &

Table 1. Foaming capacity (FC, %) and foam stability (FS, %) of collagenous protein fractions (CPFs) recovered from bastard halibut (BH)
Paralichythys olivaceus, skipjack tuna (ST) Katsuwonus pelamis and yellowfin tuna (YT) Thunnus albacares roe by alkaline solubilization

Sample Control pH 2 pH 4 pH 6 pH 7 pH 8 pH 10 pH 12
FC (%) 145.8+3.7% 111.0+7.5° 100.0£0.0%® 119.1£4.7° 117.0+1.2°%® 119.4+1.3°%® 142.3+2.5%° 188.7+2.2%
BHCPE-11 15min  88.0+0.7 - - 98.0+0.2 84.0£3.5 83.7+8.3 80.1£9.0 87.8+0.8
30min  79.7£1.9 - - 92.5+1.3 74.745.3 77.5+3.5 725456 83.612.0
60 min  69.9+0.8 - - 70.7£1.7 63.2£1.1 59.4+1.8 61.4+4.9 77.8+0.8
Omin 159.5+7.58 103.2+1.5° 100.0+0.0°> 119.1+9.4% 116.7+5.8%% 125.9+2.5% 156.5+6.0%2 188.6+4.8"
BHCPE-12 15min  67.410.3 - - 58.1+0.1 83.1£5.0 76.418.6 84.317.3 89.5+2.2
30min  55.1+0.4 - - - 66.314.5 64.5+5.3 78.4+9.7 86.413.8
60 min  41.9+0.0 - - - 51.3£1.8 45.2+3.9 67.2+7.3 79.1£1.5
FC (%) 100.0+0.0°¢ 144.5+0.1% 118.0+0.0° 100.0+0.0°® 116.9+0.1¢% 120.1+0.25% 100.0+0.0> 121.7+6.6°2
15 min - 61.8+11.7 - - - - - 78.317.5
STCPF-11 )
30 min - 58.4+2.3 - - - - - 68.1+£3.7
60 min - 54.31+0.9 - - - - -
FC (%) 120.7+£0.5°Pc 150.1+£8.3% 115.4+2.8°* 100.0£0.0%° 121.5+£1.2%@ 124.3+1.6%® 122.3£2.0° 131.3+0.78°
15 min - 37.8+0.0 - - - 48.9+0.5 87.8+1.9 70.9+0.2
STCPF-12 )
30 min - - - - - 52.316.3 86.8+0.4 62.5+0.9
60 min - - - - - - 83.4+1.3 -
FC (%) 100.0£0.0% 151.4+0.7¢ 118.7+4.4° 100.0£0.0°® 117.4+1.5%® 100.0+£0.0°¢ 100.0£0.0° 131.0+8.28%°
15 min - 85.3+13.0 - - - - - 84.913.2
YTCPF-11 )
30 min - 84.2+10.3 - - - - - 774104
60 min - 76.317.9 - - - - - 67.8£0.5
FC (%) 100.0+0.0%¢ 127.2+3.5** 100.0+0.0%®® 100.0+0.0% 112.6+5.5% 107.5+1.0° 100.0£0.0%¢ 122.1+4.8°°
15 min - 45.6+1.1 - - - - - 75.6+2.2
YTCPF-12 )
30 min - - - - - - - 69.1+0.7
60 min - - - - - - - 60.5+0.7

Values represent the mean+SD of n=3. Means with different capital letters within the same row and small letters within same column are
significantly different at P<0.05 by Duncan's multiple range test. -, Not detected.
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3} QP AJ(ESI, emulsion stability index)2 &A% emulsion
o] AT &k olF FAIATE TEeE HolHrkCan
Karaca et al., 2011). % 23 (oil in water) EAI (m%g of
proteinyi= TH A F o by sl B Avle] WAe] hel &
A5}, ol Al A4 emulsion®] 4] 8 9P 4 & B T
ul 2 0] Fe& H7Fek= A S = 500 nmol| 4] BHeof| ofs A4
Hth(Pearce and Kinsella, 1978). o]+ & CPFs 9] 3-3]5(EAI)
2 33} A (ESI) Table 20f| LFeFU| itk pH-shift 2] 5}
A -0t 2 (control) 2] 7%, STCPF-113} 12 (20.1 % 23.9
m?/g of protein)= BHCPFs (16.0 ¥ 21.1 m%g of protein)2}
YTCPFs (9.3 ¥ 13.7 m?*/g of protein)o]] H|g}o] 2o
S foksS YER e, CPFs-127} CPFs-119] v}
of Fo4 08 w2 F3Fs= UEHo|(P<0.05), o]F 4 o
2] 7Hg8ks Aol whE Aol Q1A% I}, Park et al. (2016)
7} Yoon et al. (2018) 3ttiafo] W riohato] o 7hd-HAzx
FEEEO] EAlsE 242) 2.3-2.5 9 3.1-3.7 m%/g of protein'H
o], egg white (14.7-15.2 m¥g of protein)of H|3|| &3]
e f3s2 Hlokal shqint. o] A dxtof| H|S=o] CPFs
= Tl Hig €53 T fIeS B Wk ofy
2} egg whiteof] B[St e fFASEAL -3 FokeS LER
O 2A A RAE o] 870 & AR HHHE It
pH-shift A 2](pH 2-12)0]] w2 EAIS] ¥zh= 58 24
pH 40]| 4 2= CPFs (0.9-4.2 m%g of protein)7} $+5%5(Fig.

ol . 71%]

2~ .
1o L= RNy

= 2~
Rl

<l

1), 542 (Fig. 2), 1= (Fig. 3) % AEA(Table 1)2] 2}
P HR7IA| & 7 e fasa U of, A Aol T
O] AE758E Uehle A o2 SRIE Ik B3 A ofF &
5 pH 12-shift #]2]of| 41 2] EAT (18.8-30.2 m%g of protein)+=
pH 2-shift 42](6.7-12.3 m?/g of protein) E o} =2 335
B}, stetoi(Park et al., 2016)2} 7FkEo] &(Yoon et al.,
2018) F524e] 7%= &2 pH-shift A 2]of| A 15.4-21.9
m?g of proteind Y ] 3= LEFU 0] AF4J(5.2-5.9 m¥/g of
protein)of| A 2ot -2 -3k LFERHTEAL Sloq, o] A9l o] 4
EEENEEE

oH, 3% emulsion®] A== AIZFO 2 LrEbd o2
o] 83} A(ESL, min)2 BHCPFsol| i3] 20.2-30.6 min,
STCPFs2] 7% 27.6-66.4 min ~12]11 YTCPFso]| thf 38.9-
62.0 min©. % YTCPFs7} AA = emulsion?] -2 & o] ¢ 2.2
7= Al 2 yERgdtt EAIZ}F 20 m¥/g of protein 502 F
Shso] 9=k pH 12-shift #]2] CPFs2] ESI= BHCPFsol tf
3f] 26.4-28.9 min, STCPFs2] 7% 24.4-31.5 minH $] 18|12
YTCPFsol| thafjA] 23.5-26.3 min] ] = pH-shift 2] 2]o] u}=
ol£7H ESIe] Aol 21| ekgkel.

Park et al. (2016)2 15 m%g of protein©| 48] EAIE H.ol+&=
siohato] & 71E-AXR =549 ESI+= 18.2-20.3 min 18]
31 positive control2 4] egg white (14.7-26.2 m?/g of protein)
O] A% 19.7-26.3 min®] {3} d& YEplThL s1lom,

Table 2. Emulsifying activity index (EAI) and emulsion stability index (ESI) of collagenous protein fractions (CPFs) recovered from bastard
halibut (BH) Paralichythys olivaceus, skipjack tuna (ST) Katsuwonus pelamis and yellowfin tuna (YT) Thunnus albacares roe by alkaline

solubilization.

Sample BHCPF-11 BHCPF-12 STCPF-11 STCPF-12 YTCPF-11 YTCPF-12
Control 16.0+0.75 21.141.3% 20.1+0.38 23.9+0.58 9.3+0.9%e 13.7+0.8%¢
pH 2 6.8+0.77 6.7+1.0% 11.841.1¢a 11.7+1 4¢e 12.3+0.8¢ 12.1+1.2¢2
pH 4 1.7+0.2¢ 0.9+0.4%¢ 4,240,952 2.4+0.2% 2.8+0.1% 1.440.2F

EAI pH 6 7.0£0.5 3.6+1.0% 10.4+1.3¢ 4.1£0.7° 10.3+0.5% 7.4+0.5%

(m?#g protein)  pH7 8.240.7 9.541.0°P® 7.3£0.3% 11.540.3¢= 10.1+0.3% 9.3+0.7%
pH 8 10.0+0.400 8.1£0.3%c  10.141.4c0 11.942.9%  13,041.1¢e 8.0+0.6F
pH 10 11.740.3%%  10.9+1.4Ce 21.8+1.180 24 4+2 3 17.141.280 13.4+0.48
pH 12 18.9+0.6% 18.8+0.88 28.8+1.0% 29.9+1 .44 30.2+0.6" 28.9+0.9%
Control 30.6+3.9 20.2+7.7 66.4+10.8 27.6+3.9 38.9+13.5 62.0+15.1
pH 2 16.3+0.2 17.40.3 14.240.7 13.9+1.8 17.241.4 20.142.1
pH 4 20.9+2.8 30.3+5.6 49.6+23.4 45.8+9.0 52.7+15.7 77.5+7.1

ESI pH 6 15.0+0.6 18.1£1.3 35.3+6.5 261427 53.0+11.8 72.1+7.5

(min) pH 7 15.4%0.7 11.740.4 55.7421.9 48.9+13.5 71.3+17.4 47.6%8.0
pH 8 18.0+0.9 26.6+2.4 21.7+3.9 29.5+12.7 28.75.8 46.6+12.8
pH 10 16.9+1.1 15.4+2.9 28.0+1.6 18.242.1 344453 52.946.5
pH 12 28.9+1.2 26.4+0.7 31.5+3.0 244414 23.5+36 26.3+2.6

Values represent the mean+SD of n=3. Means with different capital letters within the same column and small letters within same row are

significantly different at P<0.05 by Duncan's multiple range test.
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Yoon et al. (2018)2 10 m%g of protein®| 4] EAIE LR
L s}rlete] oF 7hel-71 % 2 Buro] ESI- 18.1-20.1 min®]
2hal HAIsHGIT) o] Akt Hatof| Bl 3o o7 o CPFs
= 7HE-AE STl vgf diF g Eakgo] & 58
S Sk Qlo] Boll e Hapgo] Y- whdof, £
2 FHEAEE U= A o= Sl E gl o]
ApFo] A o2 F peptide”t AFA|8h= Bl&o] =AY

/3 peptide®] 2rgo] W% emulsion®] QHg/d ol 7]o]
SHA| =w, ot 2st ol A M= P oil o] o ¢
27 peptide”} F2HE S 241, oil H-&7]2] 9] Aok A5}
= B3uso] vhEo] A emulsion®] A HtH(Dickinson and
Lorient 1994; Mutilangi et al., 1996). ©] ¥15:2] CPFs %]
= LEAF Tl 9l peptide®] 514 (charge)} ¥HAE 444
(hydrophobic) %! %=/ (hydrophilic)2| 2}-8&-71° 2J3] +%
23 (oil in water)®] emulsion®] A== Ao 2 FAHES]
THGbogouri et al,, 2004). 322] o] 5 o2 R g azke] 7183}
345 53l 3]4=3t collagenous protein E+(CPFs)5-2 BH-
CPFs7} 5hA © & ST9} YTof Hlsto] -5, Ha2, 83|
T, A% 4 #3F F450] $5kal e n, STCPFseF YTCPFs
of A9 Y IS Alolelie St AB/ AL
UERA QAT 9841 ] ¢A5H(Yoon et al., 2018a)9] ze] &84
s3] o|33He S5} o] QTS F3 AE715A0] A7)
T AT 2 Aokl 58] A, AW, oS A4
Al Tim AR At Bl A7) 5/d AR B
A=A 249 o]-g-o] 7Hse Aot

Al AL

o FEL 20149 % R (WL L) HUOR 33
ATATES] A 91 Wob 4l 7] 274491 0] AR (NRE-
2014R1A1A4A01008620).
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