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Studies on Utilization of Salted Antarctic Krill
(Euphausia superba) (II)

—Some Functional Properties of the Krill Protein Concentrate (KPC) —

MakoTO KAWABATA, KUNIKO TAGUCHI, Kozo OHTSUKI
and YOSHIKO TANAKA*

The protein characteristics and the functional properties of the krill protein concentrate
(KPC) from salted antarctic krill were compared with those of KPC from raw frozen krill.
Water holding capacity, emulsifying capacity, emulsion stability, foaming capacity and
foam stability were determined as the parameters for the functional properties of the KPC.
A slight proteolysis on the myosin heavy chain during salting of the krill was suggested
from the results of the gel filtration on Sephadex G-100 and SDS-polyacrylamide slab gel

electrophoresis.

There is no significant difference between the functional properties of KPC from salted

krill and that from raw frozen krill.
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HEiEA + 7 I OWE U KPC 2A4HRE KPC,
B4+ 7 I 05N Lz KPC 2 KPC &9 5.
2. KPC oWty

KPC 1g ic 8M R#E—20mM y AEEKER (pH
7.2) 20ml ZinZ THMBET 2 SRMEAL 2 1%
SDS B 2-AVh Sz /) —vEREEL%
LB ESICMATRET —KEBEETSE. 20T,
10,000x g, 1053fH, BOLABELTESN/ BF %
0.19, SDS-5mM » AE%E W (pH 7.2) IC—WE
WUTRABABKET S.

3. SDS-#uvipd:

LETRRLL oz ABK 1ml 1220, 0.1%
SDS-5mM Y AEE#EE W (pH 7.2) TRELLcE
7557y 7 Z G-100 22wl F 4 (3.0x28, 0cm)
BRNT, FVFRETIES. BHKIEZ, 777 Vs
var s g—756ml ¥O4HEL, I/utal vt
O Tl ABRORIERTTIES.

4, SDS-KV T 7 YNT I FRF5THFVERIKEE

FRETARL LA BT B X0U0.6 M KCl AT
e ABICDOWNT, 0.19% SDS 241:12.5% KUY 7
YT FRSITHEAMERY, 0.1% SDS &t
0.025 M-+ Y x, 0.192 M-2'Y & v ZfE¥, 27 mA

(2mA/cm) OEHETH 2 Bk EI %173, Coo-
massie Brilliant Blue R-250 THEATIES.
5. #&feskdE (Functional Property)
1) ff/KkF1® (Water Holding Capacity)

KPC 1g % 3.5% NaCl #5i% 30ml |2 /#% LT pH
APE%T S, 058~/ 2 F v 7 28 —5—THRITL
7z1%, 85°C DB/ TISHRIMEAZEITEY, 10537
AHI U744, 000 rpm, 1553, #MOSEEZTEV E
EA . kklL7 KPC o—EEE2HIL, K4
BksEr (r v M, F-1A B) TRBZTEL,
RER lg CdTBEKE (ml/g) ELTEDY.

2) #tH" (Emulsifying Capacity)

KPC 1g &5% NaCl (0.02M NaHCO; pH7.5)
10ml k=T L&~ (AAKEHE Ace-AM-8) ©
30ml BDOH v S AN, 5,000rpm, 3 HfEFEFER,
a—vil0ml 0% 7T, X 5iC16,000 rpm, 1.55>
R IET 5. DWT, FLLHEK 10 ml & HEARREIC
AR, BB TI0RImE L, ARk L7cKkE
DEBEEEINNT, AR T ZERFACROE
BEARELTEDT.

3) FtZEH® (Emulsion Stability)

KPClg £1.0M 7 = v{E-0 ABBKRENR (PH7.0)
75ml k2T L/ —DI0mMI EH » 7 I AL,
5,000 rpm, 1AMOM@EET 2. DVTa — il 25ml

%1N%C16,000 rpm, 2 RIS, O ALK
BARVY VE—KBL, <Y vyBbhTh
B3 2 F CORKM (min) Z2HELUTHAEERE L
TEDLT.

4) i EEREEY
Foam Stability)
KPC 1giz 25 ml OF 4« DEEOEBEEK N,
pH 2#EEUIcHFsETL VA —0 100ml Bl v 7
ic# L, 15,000rpm, 3 RIENLT, 353%ET 3
AT TS, COWEA XAV YE =B UAN,
1 3% B LU0 % DHOAREE € 3 5. HEK
100 ml (A9 % 1 PR OBEOREEL RS, 605
BOBOERKE L EE 1 ROMEOERICTT S
603 DIEDORAEAZER, MERRICHLT, @
fgicEn U AREAEEINERE LTRDLY.
5) ETRIABERE?Y (Salt soluble protein)

KPC 1g iz 5% NaCl (0.02 M NaHCO;, pH7.5)
25ml 2NA T, =R F v AEx—5—T3HEH,
RECERIEUCTHBETES. MEKREFAELTHR
- AR 70 alby NETERT 2,

6) MEEHED (Suspended solids)

KPC 1g ic7%®/K25ml N2 T, =/ *Fv7
22— 35— 3EBIEETIES. COREARY)
Y& — i UAN, LS ES, LIFH 5ml ZFF
Biiic &b, 105°C THE L TERHEEZRD 5.

(Foaming Capacity and

ERERBRUEER

1. AEkcAAD SDS ¥ ViFR

—IT 1z A EE DIRIRAEDMREAK T, BALIBLUE
M B AEBRIRENVOEINTHEDT, T,
KPC ORI DWW THET L iE#R % Table 1 1KoK
L7, #Emickb, 5% NaCl icxtd 2 a3
BHLTHWE. 8 M RFEMFAT, AHHSIUER

Table 1. Solubilization of the Protein from Krill

Protein Concentrate (KPC)

Solubility (%)®

KPC —
59, NaCI» 8M Urea®
Raw frozen 20.6 88.0
Salted (A) 15.5 94.4
(B) 9.5 82.5

(A) dialyzed, (B) washed with acetic acid betfore
dehydration
a) soluble protein (%) to total protein in KPC
b) in 0.02M NaHCO; (pH 7.5)
¢) in 19 SDS-1% 2-mercaptoethanol-20mM
phosphate buffer (pH 7.2)
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Protein (mg/ tube)

Tube Number (5 ml1)

Fig. 1. Gel Filtration Patterns of KPC on Sephadex
G-100 in the Presence of SDS
® — @ KPC from Raw Frozen Krill,
O---O KPC from Salted Krill
KPC was solubilized with 8Murea-1%

SDS-19, 2-mercaptoethanol-20mM phos-
phate buffer (pH 7.2). A column (3.0X
28.0cm) was equilibrated with 0.19, SDS-
5mM phosphate buffer (pH 7.2) and eluted
with the same solution. Void volume are
indicated by the arrow.

KPC D7z AHHEDIZEAEEMMBEL INTVWDS
TEERLTNA.

KPC D ABHKRAE®ET2FRELT, 8M K
FTHRAL LTI DT SDS #viF@EfTid -~ 7
$#mA Fig. 1 RL7z, 3 7abtaly PRIGICK
270y FTIR3IDODE—7ICAhE SN, F1, F2,
W3O —7 ORI, AKE KPC Tl345 :25 : 30,
i KPC 233 :23 :442 720, i KPC T3,
Hegikk KPC It _RTHLMICE L ¥—2 DD &
33— oEmBRE SN, CoEEE, BSY ofF
1o o EEEA T IO NVIEE S E — D OHEET
Z2E,81E—713FELTIA YYD heavy chains
EEZ b, ZORABERESSERTIC oS
NTESFREDOCARBAKBITLTNSZ EZ/RLT
AV
2. SDS RV T ZYNTIFRFTHNVERIKE

0.6 M KCl BXU8M JEEANEIABPICONT,
BRI EITIE » 7ok % Fig. 2 1WRLk. 0.6 M
KCl AREMC BN TR S HIEENBH SN, L
% KPC TlZ 4 RD/ v FHEE S hie s, ik KPC
T34 46, 0004 E DN v KA LT, 30,0001}

U W

OVA SUB RK SK RK SK
0.6M KCL 8M urea

Fig. 2. SDS 12.5% Polyacrylamide Slab Gel Elec-
trophoretic Patterns of Soluble Proteins in
KPC
OVA :Ovalbumin (M. W. 43, 000)

SUB : Subtilicin (M. W. 27, 600)

RK :KPC from Raw Frozen Krill

SK :KPC from Salted Krill
Electrophoresis was performed with

0. 025M Tris-0.192M Glycine- 0.19, SDS

buffer (pH 8.6) at 27mA (2mA/cm) for

2 hrs.

FED2AD/NNY FUDEELISL., Fi, 8MIR#EH
Bz ABICBOTS, HE KPC TlIESFRESD
NY RSB LTHWA. iU, Figel o7 77
v 7 A G-100 [Tk B FviFEORRES L —HL
T3,

INSDRERD» S, HERPICABREDES T
SWIMREAZITNB T EDbhs T,
3. BEReAEME

EDXSIEHEN, B oRehE LTRbA
BINTICHIS L TWAEMIZ, FOMENC L - TEIED
EEOEAEEHLITWCEEH B, Lich-T, B
FNCROERSER 0 2E) & U TG 5 O HSEEN
Th oY, H—RUEEBLENELLVLOT, 4
13, RKF, BALABIURIEINCONT, A
KPC ik KPC A h#r U7ch5E% Table 2iToRL
7. 153, ¥aEk KPC Iz oWTid, BTkt Lo
etk KPClA), Figsdeinthiati Lol 21 K
PCB) & LTH#EL:.
1 {#Kk7

FAH, BI6F1E medium O pH OEENKEL
72 ABEOUERM EEATERICH B E b T30
7% Table 3 RN S, KPCicHB T3, pH4.0T
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Table 2. Functional Properties of KPC
: KPC
Functional Property -
from Raw Frozen Krill from Salted Krill
(A) (B)
Water Holding Capacity® (ml/g) 4.9 4.6 3.3
Emulusifying Capacity® (%) 95 94 84
Emulsion Stability® (min) 10 25 35
Foaming Capacity? (ml) 336 380 128
Foam Stability® (ml) 220 250 100
Foam volume change (%) 34.2 24,2 21.9
Volume increase (%) 240 252 88
Suspended solids (%) 13.5 14.8 4.8
pH of suspension 6. 95 6.75 4,65

{4) dialyzed, (B) washed with acetic acid before dehydration.
a) amount to water retained per gram of dry KPC.
b) percentage of oil & water, bound to the KPC after heat treatment.

c) time required to emulsion breakdown.

d) volume of foam after 1 min. (pH 7.0, 0. 5MNaCl)
e) volume of foam remained after standing for 60 min.

Table 3. Effect of pH on Emulsion Stability and

Water Holding Capacity of KPC from
Salted Antarctic Krill

pH Emulsion Stability Water Holding

(min) Capacity (ml/g)
2.0 60 4.4
4.0 0 3.9
7.0 25 4.6
8.5 0 4,7

BEOMEERL, KPC Oz AHEOEE L pH4. 0
fHEich B Dbtz pH 7.0k B0 3 A
KPC L& KPCA) DFAkNZEET S E KERR
LT DS, EEK KPCB) 2MEWVMEZ/RT DI, iR

HIDBEYEEIC X D, BHEK D pH 234.65 2 ;RLTU -

5C&p5, pH OZEBEEZ OGNS,

2) #AtA

FAbSc DT Table 2 IR LUEREMLD, 4
Gtk KPC Xk KPCA) TRRIZEALFEBRLNK
WS, BALREMIIER KPC oFMT T3,
A REMICET S pH OFEIL, Table 3icoRL
#D, pH 408X pH 8.5T0 &7, pH 2.0
BEHEWVEEARL TS,
3) &ElEh

#1713 Table 2R L2ED, 48K KPC &
D HIEE KPCA) DF2Rd ShTED, OTFhd,
b EDEERARDS. 4~3. 8 icimL, T <hri-i
HAEEFELTOBZ Ebsbho .

I BRI TR BE DR E A Table 4itR L72Ds,
AEEEA0, 0.1, 0.5, 1.0 M E&(LX¥7 & &,
BEREOMINC OV TRETIZOPE MO ERL,
ZEbHEMmL.

Table 4, Effect of NaCl Concentration on Whippability of KPC from Salted Antarctic Krill
NaCl Concentration Foaming Foam Stability® | Foam volume Volume increase
Capacity® change
M) (ml) (ml) (%) (%)

0 332 250 24,7 252
0.1 372 248 33.3 280
0.5 380 280 24.2 288
1.0 388 324 16.5 308

a) volume of foam after 1 min.
b) volume of foam after 60 min.
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Table 5. Effect of pH on Whippability of KPC from Salted Antarctic Krill
Suspension Foaming Foam Foam Volume Volume
pH medium ‘ Capacity Stability Change increase
| (ml) (ml) (%) (%)
2.0 | water | 288 220 | 23,6 ] 208
0.5M NaCl 192 134 30.2 ] 140
4.0 water 132 96 23.7 ! 92
0.5M NaCl 116 ; 80 31.0 88
7.0 water 332 | 250 24.7 252
0.5M NaCl 380 ‘ 288 24.2 1 288
8.5 water 316 | 228 27.8 | 220
0.5M NaCl 488 ! 420 13.9 | 388

Each suspension contains 4% KPC and pH were adjusted with 1.0 N-HCl and 1.0 N-NaOH

iz &i29 pH 023 Table 5IT/RLICE
DERZEICHEbLNTED, pH 4.0 TREDEZRL,
pH 7.0ic B81F AT OFIL/3DMHE LIV XL,
Table 2iz/RL7cigE KPCB) o /1hsEER KPC
AD 1/3DELIARIITNDIL, pH OEETHS &
ZEZIohb.

F7z, AL pH BN TKENS M &AFEKOES
IOV THET 2 &, BHEMoO pH TREED fF 7
I @ X, i, wEEts b, KOSHE
X0 HENVEERLTHNSED, pH 7.0~8.5 itk
T, SEOEFCXEET], wXeks bicsn
LT3, coXkdic, #Binhd, HKIBIUCHA
F1ER CERERL, T ABE OB & &I B
LThW3dEEZIONS.

PIEOfERM G, BIRENELTTIE - 125 KPC
B)iTERE KPC@A) Izt ~T, BEekthnd s En
AR U7, BgEaE®%, DRLEETTE - 7238
ik KPCA) ICAWMEERT T EPBBDOLNIZDT,
iR KPCB) 0F4&d, #FHEC pH O~z 1712
2, ERAMCENTI A &7 T 3R,

Alal, EEETIZ - IHETIE, B KPC H3Af
# KPC KT, HiIFH B HIRLNT, A -T
BRI <nTBY, FLOCABRME LTI
BEANDOIGHEBRIENWEEZEL SN,

-3 #9

1. KPC 5% NaCl Bis7- A B2, Hdkk KP
C Ti320.6%, K KPC TI315.5% TH 55, 8
M RBZICEDEDIFEAENTHHELLI NS,

2. &k KPC tho/c AB AR KPC /A8

SCI. REP. KYOTO PREF. UNIV. (NAT. SCI. & LIV.
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3. KPC o OlEHREL D, EHEK KPC (3
HEEEE KPCIZEANT, BKkDR20E 205, HALh
BARENLL, Lt Blahslolgeeitics
WTTSNTHB T Edsbhoiz.
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