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Changes in Myofibriller Proteins during Gel Formation of Pacific Whiting Frozen Surimi

and The Effects of Bovine Plasma Powder

Noboru KaTo, Hiroshi O1kaAwA, Kosaku YASUNAGA, Yutaka YANO, Seiichi KiTakami and Kenichi ARAI

Abstract

A study was made to clarify the polymerization and degradation profile of myofibrillar proteins in the salt-ground
meats during heat-induced gelation process of Pacific whiting frozen surimi and the effects of bovine plasma protein on it.

Frozen surimi was thawed and ground with 2.595 NaCl in the presence and absence of bovine plasma powder (0.5~10.
09%). The salt-ground meats preheated at a fixed temperature in the range of 20 to 60°C for 2~34 hours were subjected to
subsequent heating at 90°C for 20 minutes. The subunit composition of myofibrillar proteins in the gels was analyzed using
SDS-polyacrylamide gel electrophoresis. When the salt-ground meats were preheated at 30~40°C, myosin heavy chain
(HC) in the gels slightly decreased with the production of its polymer, while at 50°C and over, HC was degraded to the
unidentified components with lower molecular weight, namely X, and X,, which were postulated to be limited degradation
products of HC. The subsequent heating at 90°C markedly increased the production of X; and X, with the decrease in HC
and its polymer in the preheated gel. Bovine plasma powder suppressed the polymerization and degradation of HC during
the heating process of salt-ground meats, and the suppressive effects was concentration dependent of the plasma powder
added.

Considering the gelation profile of the Pacific whiting frozen surimi introduced in our previous paper (Kato et. al.,
2003), bovine plasma protein was presumed to reinforce the gelation of myofibrillar proteins in the salt-ground meat
through the inhibition of the production of the X; and X, from HC as well as the heat-induced gelation of bovine plasma

protein itself at higher temperature.

&

i

FEHOX, RNV T 4w KT7A4T 4 >7 (Pacific
whiting, Merluccius productus) D¥EHT YV HD20°C~90°C
TOT7NVEKEE L, FIMER RO & 2 7 VPED R E
IR D TR L 7S SR D W T U 7z (i 52003) . %
DRI BV TR, FRCHFEHICERI N TOWRWARD S
FHELL - D B RS A CHEER L7228, ZhiC b
bOTHEITVADT MERRIIKA L L TH->TED, iz
BhEs v O E I — R B v Vg L, 22T
0.5~10.0% D&M 77 A~ REZHRINLI: & 2 %, FEHl
SN DT N OYIEELE, EITEOEIMIfE-> TR S

208, ZERINENS OV OYIEE R, * OBEERE & 7 VIO
BE» 512 L, winbEREHL CiuikREo 7 v Th
5 ZEDHIS T,

Ry T 4w 7 KIAT 4 ITHAOY 7 b, N
EOTu 77 —XiEEEBEELTBD, 230 BHomH
HRHES N7 BOSRIZ) YV —ABFEDOY AT A T u T
T—PIZEkB MU SN TS (An et al, 1996, K>,
1993, Seymour et al.,, 1994), & 5IZ/KE 5 L OB@ERIZE W
THT 7Y >BEHMBBRESNLOTHHEFTEIH T 7Y
Y LIEESERIC R B 2, R AREE IS B iE L S
S5°CIZE WIS/ RENE DT, IhoDEHETICBT 5 E
LAY 4 — Vv OECIHEE, BFEEHER D S 4 v ol
SR DO WTSDS-RY 727 V)7 & K7 VESRIKE

20034104 1 H=z#

* 1 AT HRHE K ES R

*2  JSTITBUE KR EWITE Y > & — PRk ENTSENT
*3  2FET ) GWEhdiien

#H1%5 (2003)

51



P e BB - FKHERE - KB - L L - B

(PAGE) 2 X 253 fTbit T2 (An et al., 1994)
AT T, 20~90°Clcb 7z BIAWIREBR TD/ Y 7 1 v
7 RTAT 4 YT ERTVEOSNVEEROBRICREI 23D
oy o2 B0ZbE & SRR EZRML 72 & &
DFER ¥ T, SDS-PAGE I & > T L, Zic#k
CFICEH BT 2 7 VIEEOZELE Db Y 2 5
MZTHZEEHE LT,

ESL 7P

RNV T 4w RUAT 4 T OWET O FIZ, B
W] OEES, 2003) THW2T D & ER—0HE ((BR) R
BiEd) T, YU BEEE IR 144me/g BEE TH - 7z,
HER L 724 MR U727 A~HERE T %) Eid A
B (MR BT, FTERSEL T 28 (75.6%), K5
(10.8%) BXUv 7z v@>- Y v A (10.1%) 2E&ATWY
7.

TV OFEL L ARG HEER U B v iE, & CRTER (I
BES, 2003) BWTYHEOHE LD THS, 7
bbb, WITVEETTATF v 7 BRIBICANT20~60°CT
2 ~38HFRTIC 7 D FAEIIE L 721, 90°CTAIME L T2
FEIME, RISV TH S, 7077 A~HERI
0.5~10.0% Z%ML T 1 5HEES & ¥ 7.

ZVOYERE  EES5mm ORI VY v — %
ALTVA X =8 =X DHIE LTz, BWEE (g) &
M& (cm) OfEZHTHR (NEES, 2003) »o5|HLT.

SDS-PAGE =12 & 2 E Vi 5 > o8 7 B RS R ER D
IHEZNZTNOMET V0.4g 2 & D, 2 9% SDS-8M FR%E-
0.2% B-X)NA 7 N1y /) —)VRIKT.5ml 212 CHEE (B
B, 1987) WZft-> TMEAEREL Tribs e, ¥ o7&
ERAEAWEL, M TAHLs Ry 327 E (%10
ng) %, Weber & Osborm (1962) D FiEICHEL T 5 %R
V7 79ONT SRS VEIRRE L CESEKENCE L2, *
728 o 7B O3 Coomassie Brilliant Blue R250
W07V, wEIRI 2 R LT,

SDS-PAGE Icft U728 > 2B DY 7 2= v s K
X, BEDFE (BAES, 1989) ICH U CikEh7 v TE)
BEO/NS VRS (DT A ANKEWEHETE SN L) »
SlEw, 34y HC%&EMAE (HCn), 34 ¥~ HC, KA
ED Xy, 77FrEbuRI4+yroRE (A+TM), K
FIED X, D5 oMLz, £z, 2o DEs=IT
2WE 7o~ b AF v+ — (CS910 B (FF) BHESI/ER) %
FAV-C, 640nm & 700nm DOWLSEE O 76 TYAOHE % HlE L
TRDz, KV 7 2= MNESOEREIE, FRINEGHTO M
EXEE L, KBV EOSREisE 23 L TZ ORI D
PERE OMIHE (%) TELUK., 2B, MEERTIZH
HCn ICHHS T 2O DTFEET 205, TODIE a4 7 F >~
ZDOMOESTFERICHRT 2 AREMENDH 208, & 2 TIHHE
HEHCnE S E L TELE, iz, iRe 335X
T, FIVEOEPREEENRD T 25E, BLULXIZZO
SDS-IRFEH I T 2 AELENMET T 28581, b

52

DEEFIEL TERSOERERD I, Tabb, HiEHDOY
EIZkEISVRICBATERWIEE ISR LI S A v >
HC Z &k (HCn') %, 7HBEOHE I EbRICE
fRL Z7WIFEERE LT S 4 v > HC £ &k (HCn”) 3
ERLIIbEAZL, TORZNFEL TREREE L.

TR & EBE

WD FOFMEICEES ¥ > 2 B D2 & INBGEE D%
BT 5 220~60°COMO—ERE THMINEL, &
FC—E8% £ D, 90°CT204 AL T, FhhnEs v e =
E¥hNE7 L % FASIL 72,

Mg v D 8 287 8o SDS-PAGE K %, Fihn
B OB Y T, Fig. 1ICiRL7z, BB, 25 DOukE)
TPV EDBRS % T Y b A MY —TERST LSRR
BIRLU7Z2WaA, DUTOFHXHICHiE L TR 3,

ZRICE B E, IV FTO S Ay EEMHLKRS (20
EHEIX0~33%TH 2) ETFMMBItE-> T 223,
ZHFRMBYRESEWIE EEL IR > T, KIGERY)
1220~40°C Tl S 4 v VEELEERICHYS T 255 (R
HCn #320~25% 1233 2 %%, HCn’ &£ HCn” 131Z £ A Y4
L) ThBH, 500CLLETIE S A v v EEOESME
gy (X BLU X, ST 20 EHERIEZ 07 40~
50% K U25~35% 12T %) ko, kBX, B3I 4y
EHH 777 e0MIC, $X BT 2F LD HREL
WEI 2B TH D, T2 F VYT S IR TR
OBE B L o T2, FivTI0°C T4 RN L 72 B
T M DOWT R 2 L FEINERE 2 BEbL Y 5 L, v
THOBES S A Y VEBEEBAX AL TX, & X, HY
B5r (BEIEZ N Z45~55% K U25~35% I L 72) 14
EL7:. 2B FHINEEED60°COBGE R EN RS 7 7 F
YIS, B elkS oY, AT S
HERRDIZ, £18000590°CTMEL 728581%, IS4
CEPEOEBEEAICES X, RO X, GRS (EEIEE
NZN45 R U25%) Thlz, 4 ¥ > B RS S
(5 %HitR) DML 2 2 L E2EDT-.

Z NS DIE v OYIEEIC DWW TIEERICHR U (g,
2003) 2%, Th5EHEE B L, 20~40°CTHHINET % & =
&, AV UEESEERMELESOERK L, [F7VOBETER
& LM A OBEINZ R SIG L THB D, mFIEMHEL Tw
2E91CR2 %, X51250°CIT B 2 FHINENT VO &AL
VIO, K U60°C & 90°CIZ B\ 2 INEV v D4 4]
D5 ORD TERWIIEEEIZ, 34> EHEOE8RRD &,
ZHUCHED TR RFEMDER & £ RSSIGLTBY, Z
nobHEIESEL TWwWE L3 IEZ 3,

DX, Xy 7497 KUAT4 > 70ETVE
OHIECEES Z Ptk & S 4 v VESEOB IR S X, &
U X, B 04 E O WRERRD S 2 O T i
BS54 2 7a7 7 —XYORENRMEbNZDIZEARDOE LT 2
5, LrLZOWMEDREREZLDIZ->ED SHE0ICIF
& 27 BACER RS B & & IRl G 2 T B LS

R FAC TR



Preheated gel

Two—step heated gel

Pacific Whiting {33 D 5 O 7 WALICHE > TR 2 2 FEHRHE Y > /7 B OZAb L AR IMB KRB ORI R

Preheating temperature Preheating temperature
; 30°C 50°C 60°C - .
HCn . i y v HCn y‘u:(w'!‘!' HCn i‘“"!""" HiCn " g 3
% ;H:-E‘E‘E!ﬂ e Emmg Cerele . “TYIRELY
x‘:i “ | l 3 X»i: i v!i X “!li?;"’ % ‘(M
{ {1 H o 3 18]
L | D | | g2 |l & )
8 fi’y‘#’}"?? Eoa=grratet A=tcinll AS000000
sv124102234 FS135789 F$0512346810 Fs051152 3
) F $051 235
Time (h) Time (h) Time (h) Time (h)
Time (h)
HC "" Frr>y ™ ™ TEEY HC" 'M\’! r\""" _ el HC ™ e
FERRi ;“”@m: TR R
le“.n!\pis—: [ "‘ 3 i’!\%:iil [ ':Wis.
1 | | H:\‘!:'. i : X X |8
R RN " g
aZeretere b mnr M ;mm I o m
Xz|:;}: ‘l % X % 5
, ‘ _ ‘ Il
sjo124102234 F s0 13 5789 F s00.51236810 F $00511523 5 s 0051152
Time  (h) Time (h) Time - (h) Time (h) Time (h)
Fig 1. Changes in SDS-PAGE patterns of solubilized proteins from salt-ground meats of Pacific whiting frozen surimi during

preheating at 20-60°C and following heating at 90°C.

The frozen surimi from Pacific whiting was ground with 2.59% NaCl and preheated at a constant temperature among 20
and 90°C. At appropriate time intervals, a portion of the salt-ground meats was subjected to a subsequent heating at 90°C for

20 min.

The heated gels were solubilized into SDS-urea-mercaptoethanol mixture according to the method of Numakura et al.,
1989. The soluble proteins (each 10ug) were analyzed by SDS-PAGE using 5% polyacrylamide gel. The protein bands were

stainned with Coomassie Brillant Blue-R250.

(HC)n: Cross-link myosin heavy chain (myosin heavy chain polymer)

HC: Myosin heavy chain

X, Unidentified components migrating between HC and A.
A: Actin

X, Unidentified components migrating faster than A.

F: Frozen surimi

S: Salt-ground meat (just after mixing with NaCl)
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Fig. 2 Effects of addition of bovine plasma powder on changes in SDS-PAGE patterns of solubilized proteins from salt-ground
meats.

The preheated gels and the two-step heated gels were prepared in the same manner as in Fig. 1, except that 0.5~10.09
bovine plasma powder was premixed with salt-ground meats. The gels preheated at 30°C (A) or 50°C (B) were subjected to
subsequent heating at 90°C. The same abbreviations were used as in Fig. 1.
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Fig. 3. Relationship between the maximum of breaking
strength of two-step heated gel and the amount of
bovine plasma powder added.

The maximal values of breaking strength of two-
step heated gels were quoted from our previous paper
(Ref. Kato et al. 2003).

(@) : Gels preheated at 30°C.
(X) : Gels preheated at 50°C.
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Pacific whiting 3 0 BOES MBIZEEL T, WYV EThO sy Vo7 BRI 2% b e, T 2404y >y
B OEIORNRIC D W THRET 21T 72,

BT 5 2%, 2.5% NaCl F72132.5% NaCl £0.5~10.0% - IMEHRE 2 THEHIT O L, #HT Y H%E20~60°CD
M D —EWE T 2 ~34BF R P NEEE, 90°C T2 AE L 72, FH8 X 17 B v th O 155 R ke 5 > 2% 7 B #LK % SDS-
PAGE #:12 X > THHT L 7=,

30~40°CTHIEAT 2 L & S 4 v v EH (HC) 13D L TE»ICZ DL ik 2 AT 228, 50°CLLETIE HC OERS 4l
MICHS T 2 X, & Xy i RER LTz, £7290°C, 2053 0hi#E Tk HC kO HC Z&ESHEL TEED X, KU X, 5%
R LTz, PR RERINT 2 L, 20X k8 287 EHEOZ 0 IRITE S KE LTI S nure.

INEDRER LB UTET D 50T VEREORGR» S, 41y v 8781k, HC D X, & X, ~NOSME 2/ L
T, TV ATOFEMIES X7 BO7 b e, BIRICB T 240 v o8 7 EEEROBRT VL& 2008 THETRT 2 L5 2
Sz,
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