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BIpRRReE KR M GEHIRSIKE EMRRER WEEmRRER

(B KENMILRCHEMNEN3EENaCO)RAROEBEEZ2EDZ LB, TOE
RETVAFYy—ODRBIZFETEZZILREI<ASNTVS, 2D X572 NaCl OEHR
BZORECEKELTHREINZOT, KEMIROREZHET 22D, BE
HAICX> THEMENS NaCl DARKCHTIEZIRECEBRECOVWTOERER
D, FORBELZRAGTIZENBETH . —F. NaCl ZRAROERSD TH 2 Hi Rl
MDY ONIVEDEHEBBITEEZRETIENMAONTVWSER, Z0okd72 Mf
YOUNRDVEDOE{E NaCl OBBEHEOEBIODVWTHEMHERZENTWIRW, £I T,
AR TIIAROEERICEZS Mf ¥ UNXVEOLEANR NaCl OBBIIRIEFTEE S
BAoNCTBZEE2ENELE, ERHET ME Y ONVEOE{LEARARRNBOKS Z
HEoBERIEDODWTHBRFLE. ,

[H¥] NaCl Ic k- THlERZENE ME ¥ NV EOBEMREEMEIT Mf 2HWEET
NWEBRICIDBRHELE, Thbb. Mf ¥ ONJEOEFEIX Mf BBEROBELHET
LB, EBCTHE{T Y NV EEREREL TR LE. /5. Mf ¥ VXU K
DEMRITEI FREDELEZELSBIZLVERT I KSENSRFALE. 51T, Mf
FONVEOERSTHD. AROERKEERCESEELTWEIIFT Y 0EEZ.
Ca-ATPase J&EM. HEMIE., 40%MMMEHEE, BXOFEMN) T VHEEDOEL
NEBFELE, CNSOEFIERICMAT, ERICAREEEL., BFELE NaCl B
ELADEZAETBEEDIT, MFOD Ca-ATPase HHEOE{LEEBE Lz, -
(REREER] HNABIZED MY NVEOZEY 02M L E® NaCl 277 Y Mf &
BRICHMT2E, ELVWEBEORTE2M S TAIBELY NV EENE ML, M WNER
TEZENRENE, CNOOELICHELT ME YN EORKENKEIHEKRL
2o —H. 2.0 M NaCl TV 7 Y Mf 20ET 2L, MEHF DI A D Ca-ATPase &1k
L A0%BAMEHEEZAEBEAOEREEDITETLEDR, HEREIIFZLAEEL
Lizholz, £/, Mf OFE MY T UWHEENS, NaCl ABIC L2342 OEE
BZESZOEE (S-1) TRID, BREodZiELAEEEL TRV ENRENT,
ARDOEEPIZE IS Ca-ATPage EHEHEOEY HBEART O Mf @ Ca-ATPase &I
BB L7z NaCl BELEERMICEKELTETLE. ZOERIE. NaCl BEOEWEHE
AROEERTY NIV AOEERAELERTTEEERRLTVS, #ELEAE
DRENTEITISNIF>FIADIEICHEERICBITS Ca-ATPase FEHEDET OE
SN KENoT=, NaCl OESFELEFTFOBHBE AKRTAD NaCl OBBEITEERK
DEBEICHALTEARLE, NaCl OBBELEBBEOHRBRIEYI NI EAOEEZN
T 2-DCEMLEVYVIER—OKBETEBNTHIEEAEE(E T, £z, EER
PRI UNIVEDEEEAVWDORRBRBINIFEITPONThEAWEESGICD
BFEAEZEENRONAN o, ARRNEOKSEE —F, BEARAFTOKSOHH
EREALEER, ZERBTRALSNEMLPLBTCRBATI2HEABRE SN, IND
DZEMNS, HEPCARZERICRIZY ONIEOEAIX. NaCl OBFLD BT
LAARREOKSOESHICEEEZRIZFT I ENRREINT,
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BTG - KR B (RHRSIRY: EWREFER W EwRIRER)

LBEEER ~

AR NS BEENaCYIKEM T ROFEEZED S EEBIT, TORKPT
JAF v —DREIFEL TN I EREIHMSNTNS, > T, KEMTROSE
ZHIET 27201213, AAFIZHBITS NaCl QEEZRETEZEMNETH S, AnHl
7R E2ELET B IEEITIE. NaCl 139 D BICEREEN - BEEhs, HFenE T4
L—2t)0 B2 &AM TROEEICBNTIE, NaCl 13BECHAIC L > TimnE
NTW53, ZOXSEMTIE NaCl ORI T 2B RHECRRPITBUT a0
BSEZT, AATPO NaCl DEEZRETEZENEETHS.

—%. RHEDERD TH 3 HEMHEQMDY > /N7 B2 IFT NaCl O OWTIINE
SRINHZ < OIFENTREN., EORR, A, KITRED Mf ¥ > /)N7El1d NaCl 72 ED
HIRED A EEBITEMT 22 L ", BBED NaCl 2t Mf ¥ 2N\ O 2 ek
THIEPBIIIMENTNS, LNLENS, Znbsd ME ¥ N7 EDZ ke NaCl
DEEDRIRIZ DWW TIIFIZEFIN R 52, T T APBETIIEETISRZ 5 Mf ¥
SN BEDOZED, RAFAD NaCl OBBICKIZTHER RN Lz, /- 8T Mf
5 )N B O b ERANE DK DEE) & ORBEIZ DWW T HIRRT L=,

2 B 5%
2.1 NaCl LBz & B Mf % >\ B DAL FEHIMEE D2 L

7, HEEPIC NaCl ko THIERIIND ZENTFREINS ME ¥ >N EOWR
EEEITDONT, 7Y Mf 2HWEETIIVERICEDKREN Lz, T7bb, Mf OB
RIS ME SRERIC 2 DIRE D NaCl ZEML T 0CT—HfrRF L7218, BEROEEZ
350nm IZBIFBEIEE L TRIET S EEDIT, 1ImM ATP-Mg OFFEE F T LT 5
FONDBEEEEaAD LY MEATIDRAEL THRAT L7z, £72, #60mg/g ® Mf1Z 0.1
~1.0 M @ NaCl 4L T 25,000g T 20 HRREOMEEL, Ml 5k %28 LT M
DIEFRITAES KEDZB b2 ET Lz, 5612, BEED NaCl Ik > THIERT X
Nd Mf ZNDBHRDIFT 2 DEMZ, Ca-ATPase M. HIAMME. 40 %fhiZ
M, BEIEFE N T HEEOR LD SMET L7z, Ca-ATPase &ML, 05 M
NaCl, 5 mM CaCl,, 25 mM Tris-maleate (pH7.0). 1mM ATP 5 5785 KRS
0.3~0.4mg @ Mf ZhZ T 25CTRIGEE, T 2488 S BE2ER L CTHlE Lz,
HEAMARENL 0.5 M NaCl, 1 mM ATP-Mg I E FCTMEDN ST LI ND I AL ER,
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¥, 40%BRFRZEIEIIR LR TR LI NS ME 1T, 40%f8R1 LT85 K5I
e TN B3I VB2, ZITN SDS-PAGE OF > b A M) —izk
DPEL TR LTz, 128, 40%BNHMETMHEINEI AT IR/ X—THD., #
LUEIT I ATMHEE NN ERTTIASHICIN TN S, Ol BEEMEIII
T OBEDEGVNKELREERTTEI LT TIHEINTNS, Y% &
NS OBEEEE EBITBHERME2RET 5FEELT "ME 2 50 mM NaCl, 1 mM
EDTA fEFT. BEW 1/250 OFE MY T U2AWTHEL. #(k/\F—>% SDS-
PAGE IZ X DIRET L7z,
2.2 FAKOEIEIC LS NaCl DBEE LD BOZIL

XTI, NIF, BLUOFF A 2MEELTHY, IN5DT 4 —VERIE—EDE
ROBK % 2 BEOREL DIEE D NaCl IAEICEE Lz, RRICERERN IO H LT
EHOKDE TSI ER - -5, HIL T NaCl BELKDEZRET S EEBIT, ME
2B C Ca-ATPase TEIEZNRIE L7z, NaCl EEORIEIT T )V b REfEER: ©
12k, KHEBIT 110CHFEEREICL> TEE L. iz, HEAAD—HZ 8 M R
%-2%SDS-2% 2-A)Vh T NTH ) —)L-20 mM Tris-HCl (oH 8.0) (UAF SDS-RFRIERK
LIET) ZRAWTHYALL T SDS-PAGE I2#tL, ¥ N7 EY 7=y MAKRDOZELIZ
DNTHIRET L7z,

3. BiFhiRLBER
3.1 NaCl Uiz & 5 Mf & > /X7 B OZL

9. NaCl EDQRIHICED ME & 2/ BIZWE HZMEAET 5 DN EBHSMITT
Z7=0Iz. M ¥ 280 EOVEMREZMEICRIET NaCl 0FE%E, <7 Mf 2HWzE
FIVEBRIZ L DR Lz, Mf OBMRICKITT NaCl HEDOZES Mf MEKOBE L7
YALS NI BED SIRE LIzkER % Fig.1 IWRLE, Zhuck b &, 0.2M B ED NaCl
2T Y ME IRBRICIRINT 5 & ELWBEDOK T 2o TRLs > /X7 BB
L. Mf 2SWfEd 5 2 EAVvRE N, Fig.l AU, Mf OFUKIEDIERE LT, B@00RE
12k D ME D Sl AN EBHE TR Uiz, BEEKD BT ME OFfR L & BITHBE L.
Mf DEAKMENE L < EED Z ARSI,

2.0M DO NaCl TY7 U Mf 2L 2 43 > D Ca-ATPase {EM. HIARIEB KT 40%
SRR E D2 L2 RS LT % Fig2 1Rz, MF DI AT > OZMKIciEE
UERIE. IS4 ON ME & 2N BEOERS TH BT TR, TOELAVKEMT
BOLACITEL Db > TV A ZEBNHLNTNENETH S, TORERICLD & ME
DI AI 20D Ca-ATPase IEFEIIUEFAIORBE L HIEXTFL, 12 FEERICINE
B 40%FREEL 577, Ca-ATPase DIIEICIFIFMIGL T 40 % EFFREHHBIEIME T
L. 3430 ORHENRRICHETT 5 2 EAVRE . LA L, 34T 2 OEBRMRIEIE
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ENEBERT, T ORBIBEARE R E TSR3 ERER O TII AN EE
A58z, NaCl BRI K > TI AT AT ONWTNOEI TR Z 200 EH 57
. ®IZ, Mf Z2FERY T THEL, ?ﬁ{b/\“&—\/@%{téﬁé‘a‘ L7z (Fig.3). 455k
THWEHERETIE, ROUEO Mf FOI G 03, ZOFEEHES-1) & B rod) DT+
U aTUEN, MEERME S-1 & rod DB TH 7=, NaCl YL L= Mf Tl
S-1 OEREMET L. b2 T rod LD BENTEDTFOHFWH DL =ITER LT,
ZONTWFIE, HEAE SITHETT 2 EHEL. rod ORKAITERBICINFEAED
{ERRS 2N T=D T, S-1 O—HEZEY rod TH B EHMERINE, S-1 ODERE
DK FIE Ca-ATPase DARIE SIFIFMIEL Tz, TS OFERIZ, NaCl QUi & 5 Mf
RDIF T D DEENES ATPase WEEFILERT S-1 TREID, TOEEZRME-> T
79225 rod D a-N\J v o ABEIITTOEENRITT, REEOE RN &
AURBEI NIz, 72B, Figd &5 & NaCl YHRIZK D7 7 FONFE R T2 izk-
THEENDT LR TNB I EBRINTED, FOLHIMET LTS Z LMD
5z ZOXDITHRED NaCl 12k d Mf DI A > O%MT S-1 TRZ B Z &0
BISNITIZo72D T, LiE, HEFO Mf 4 N7 E DL Ca-ATPase {EMEE GRS
L Tiat L7z,

3.2 FARDEEFIZZ % Ca-ATPase IEMEDZL,

BNT, YT7PDT 4 —L% 03~30 M ICEBEED NaCl K BEL. ARHRO
NaCl IRE DO b2iEt LizkiR%E Figd IRz, ZiUTk B &, BEK®D NaCl e
b 59, ARHO NaCl EEIZEEOTIICAE <EIMULEDN, Ha izt
TBRMITIno T 20 RFILA LBIET 2 SIFE AL L72< 2D, 1EIF—FEDEERLE,
ZN5 DIEIBEERD NaCl EEICIEFHHE L T\,

INS OEEARNS Mf 288U, 20 Ca-ATPase {EIEZHRIE L-EE% Figh 12
RU7z, Ca-ATPase IEIEIIBEEDIE IO 5T, HERKRME & BICE T LA
ETOEGWIARRTO NaCl BEOHEME LB LTHED, NaCl BENEVIEEKR
EMoTz. TNHOFRERIT, HIZ NaCl BE S WEEARORBE TI3F.OE & D
©Y NI BEOEMENKE HETT BT E2FB L TWNS, Ca-ATPase IEHEDE T,
NaCl BB BRI DM 0 E L2 RIFT EE X 52D T, Figd IZ5RL7- NaCl #
B L AR R OB R 2 HIER TRA L. TOMENMEE Ca-ATPase DBAfE% Fig.6 175
L7z. ZOMENMEIL. ME & 2 N7BEHMH L 7= NaCl OEEDEEMEEZZD ZENT
&%, Fig6 ICR5NB5LD1C, BEKD NaClIBEICA N 5F, Ca-ATPase JEHITIF
IE—ADHHR LIz 70y bEi, NaCl J8EE & HER R OBMEICEE L TE F L. 78
Sk, RBOXREIPRIRZLS E NaCl OBBEDRILS/-0, HERICEZS Ca-
ATPase {EHEDK F2HEICHET 5 Z EIIRETH - 20 DL S 72BR2FIATS
& BEPICBTEY ONIEEEORI D B 2RI BT 5 I ENTES, T
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T IT7J, NIFBEVFFL DT 4 L—2EEL., AR O NaCl JBEE S HiERR O
BOMEE Ca-ATPase TEMEDRAGRERET L7z Fig.7). AWz 3 AEOMIZIZ Ca-ATPase
EREDETOESNIINZD DERDBH SN, YT I>NITF>FF 1 DJREIE FTOES
WISKEN DT,

—%., HERAD—E%E SDS-REEM TRYMEL T SDS-PAGE IZ#tL=#ER, 7>
ISTBY Ty MERMCEIERD 5NT. FERFAHETTIE. INSORBITBNT
T UEHOLERINDET LN EAVREN ERIIRIRLZY) .

3.3 NaCl OE% L BBHEDRR ,

HERIZHE Z 5 ME 7 > )SVEOMHERZEN NaCl OBBEICRITTHEZ, BERT
® NaCl OEFTE OBETHRE L7z Fig.8). Fig8 OHEIRLEEBEIX. BEK
DEENS /NI N> TEH Uz, Eiz, i3y DBXUONYFORA (1X1X
6 cm) % 30 BFRALL FEEL T, BT —EEEEo-ART O NaCl BEZ, BEEELL
TRLE. ARFAD NaCl OBZEEIIBEEOBBEICHSIL TER LTz, Fig8 RIT
1L, HEEROY IS EEERNEIT 5720, 1 M OVIVE bV RIEESEZHED
HE LR, NaCl OBFEEEFEEOBRINEEAER LN o7z, ¥z, K
FizBiT 5 Ca-ATPase ?ﬁ'l‘é@ﬂiﬁ?@)}féwsi‘if;é/\??&77~‘)®mfi“h%ﬁﬁ Vst
BIHIFENEZERNRLNRMN o7z, IS ORI, HEPIRISY NI EDE
PEASNaCl OB BICEE R RIZI RN EZRB LTS,

3.4 ARNERDKD DA

Kz, EERICRTZ 2 MF ¥ 287 BOMERZEDRRNEBOK Y ORBEN RIT T RE
BB UE. ZOBKOEDIC, HERRZEESN SNERICHN-> T 4 BIZO/EL.
N5 DR DK BEERE UFEREE Figd IIRULZ, iUk 5 SHBERRDORERS
TIIASEN ML, NE TR T3 EENR SNz, Fig.10 IKIIART ORI EE
NaCl EEEDBIRER Uiz, ARHOKRIZ NaClEBEN 04M ETIIED LD, 0.4
M Dbz s E#EnLz. ADBOWIBBEZICLBHKDEDTHAD EEAL
NBHN, FEEIZBITBKNDEOBIMTIE ME % > EOYEARIZHED Aok EDBRA
EARITL TS Z ENHER I N

PLEDZ ENS, HETICARRERTREI 55 2NV EOZRMEIE. NaCl OBZEXD
T L AARNEBOAD DI EEE R Z LM< RRE Nz,

4. SHBOUE

 ABETRWERETIE. WENBERRICI 4 L EHOS RSO IERD 5
NBMSTEDT, S8, A7 NI¥ 51 ELBERIEARIEZ 2AMEEM N T, NaCl
DEBICRIETEOMBERMT AN END D EELD, £, APETIE. FEROEE
RARTRZ 39 N7 BEEDETIZOWNWT, Ca-ATPase LASMDISEEZE AWz FHMlT2
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BEH3fThlan o720y, ETINVEROBE EDY /N7 EIRE OHENEHE OfTRk=IC
FEERIILTNEZEDEZLNDEDOT, B EHmEHmR2iToTNn 5,
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Fig.1 Effect of NaCl concentration on solubilization of myofibrillar

protein.

Various concentrations of NaCl were mixed with horse mackerel
myofibrils and the mixture was incubated at 0C overnight. After incubation,
turbidity (@) of myofibril suspension was measured at 350nm and the amount
of extracted protein(B) was determined by measuring protein concentration of
the supernatant after centerifugation of the mixture with 1 mM ATP-Mg.
Water release(A) after centrifugation of concentrated myofibrils (60mg / g ) was
used as an index of water holding capacity of myofibrils.
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Fig.2 Changes in Ca-ATPase activity, salt solubility, and extractability

with 40% saturated ammonium sulfate of myosin upon treatment of high

concentration of NaCl.

Horse mackerel myofibrils were incubated with 2.0 M NaCl at 4 C. At appropriate
intervals, the aliquot of the mixture was taken and Ca-ATPase activity(O), salt
solubility(A), and extractability(CJ) with 40% saturated ammonium sulfate of myosin
were measured. Ca-ATPase was assayed in a medium of 0.5 M NaCl, 25 mM Tris-
maleate(pH7.0), ImM ATP, 5mM CaCle. Salt solubility of myosin was estimated by
densitometry of myosin heavy chain band on SDS-PAGE of extracted protein with 0.5
M NaCl and 1 mM ATP-Mg. Extractability of myosin was also determined the
amount of myosin extracted with 40% saturated ammonium sulfate in the presence of
0.5 M NaCl and 1 mM ATP-Mg with the same manner.
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Fig.3 Change in chymotryptic digestion pattern of myofibrils upon treatment with high

concentration of NaCl.
Horse mackerel myofibrils treated with 2.0 M NaCl as in Fig.2 were digested in a medium

of 0.05 M NaCl, 20 mM Tris-maleate(pH7.0), 1mM EDTA by using 1/250 (w/w) of chymotrypsin
at 20 C. The digests were submitted to SDS-PAGE analysis.

(A) untreated myofibrils, (B) treaterd for 2h , (C) treated for 12 h

HC; myosin heavy chain, rod; myosin rod, S-1; myosin subfragment1, A; actin
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Soaking time (h)
Fig.4 Increase in NaCl concentration in fish meat
during soaking in various concentration of NaCl solution.
Horse mackerel fillets were soaked in 0.3 M(€), 0.5 M(H),
1.5 M(A), or 3.0 M(@) NaCl solution. At appropriate intervals,
the fillets were taken out from the solution for the measurement
of NaCl concentration by thiocyanometric titration.
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Fig.5 Decrease in myofibrillar Ca-ATPase activity of fish meat during soaking
in NaCl solution.
Myofibrils were prepared from fish meat soaked in NaCl solution as in Fig.4
and their Ca-ATPase activities were measured. The same symbols were used
as in Fig.4.
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Fig.6 Relationship between Ca-ATPase activity and integral value
of NaCl concentration.

Ca-ATPase activities shown in Fig.5 were replotted as a function
of the integral values estimated from the relations between NaCl
concentration and soaking time in Fig.4. The symbols were the
same as in Fig.4.
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Fig.7 Comparison of Ca-ATPase decrease of three kinds of fish species.
Yellowtail(A) and yellow sea bream (H) fillet were soaked in NaCl solution

with the same manner as horse mackerel fillet(@) shown in Fig.4.

Decrease in

myofibrillar Ca-ATPase activity was analized as a function of the integral value

as in Fig.6.

NaCl (mol / kg)

0.8
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0.4

0.2

PI\ @

0 20 40
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60

Fig.8 Relationships between the permeation of NaCl and the
osmotic pressure of soaking solution.
Meat blocks (1X1X6 cm) from horse mackerel or yellowtail

were soaked in various concentrations of NaCl solution with or without

1.0 M sorbitol. NaCl concentrations reached a platau were plotted

agaist the osmotic pressure of soaking solution.

yellowtail without sorbitol(H), yellowtail with sorbitol(A),
horse mackerel with sorbitol ()
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Fig.9 Changes in moisture content at the different depth of fish meat
during soaking.

Yellowtail meat blocks (2X 2X 6 cm) were soaked 1.5 M NaCl. At
appropriate intervals, the meat blocks were taken out from the
solution and separated to 4 layers from the surface to the center of the
blocks. Moisture content of each part was measured.

Depth from the surface of the meat;
0~3.0 mm (@), 3.0~5.7 mm (M), 5.7~8.8 mm (A), 8.8mm~ @)

®
80 L 0®
» o
®
- oo pd o " e 7,0
g\i 72 | ‘°q5|°; ‘nuu .
o ° a® ,
5 B o
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Fig.10 Relationship between moisture content and NaCl concentration
at the different depth of soaked meat.

The moisture contents shown in Fig.9 were replotted against NaCl
concentration. The same symbols were used as in Fig.9.
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A Study on the Interaction between Permeation of Salt and Changes in
Myofibrillar Protein during Soaking of Fish Meat in NaCl Solution

Tooru Oocizumi
Department of Marine Bioscience, Faculty of Biotechnology,
Fukui Prefectural University

Summary

Sodium chloride (NaCl) added to fish meat plays essential roles in processing
seafood. Therefore, it is imporbnt to study on the permeability of NaCl into fish meat
for controlling the concentration. In this study, the effects of the biochemical changes in
myofibrillar protein during soaking on permeation of NaCl and distribution of moisture
in the meat were investigated. Firstly, the solubilization and the denaturation of
myofibrillar protein induced by NaCl treatment were studied by using myofibril
preparation. As results, more than 0.2 M of NaCl solubilized myofibrillar protein
accompanied with increase in water holding capacity. On the other hand, high
concentration of NaCl (2.0 M) caused the denaturation of myosin S-1 including ATPase
active site rather than myosin rod portion. Accordingly, Ca-ATPase activity was used
as an index of protein denaturation during soaking of NaCl solution.

During soaking of fish meat in NaCl solution, myofibrillar Ca-ATPase activity
decreased with the increase in the concentration of NaCl of meat and the prolongation of
soaking period. Among three species of fish used in this study, most significant Ca-
ATPase decrease during soaking occurred in horse mackerel followed by yellowtail and
yellow sea bream.

Permeation of NaCl was relative to osmotic pressure of soaking solution. Addition
of sorbitol to soaking solution to prevent the protein denaturation gave no effect on the
relationships between permeation of NaCl and osmotic pressure. Moreover, in spite of
the deference in the extent of the Ca-ATPase decrease during soaking, osmotic pressure
dependency of permeation of NaCl into horse mackerel meat was similar to that into
yellow tail meat.

Moisture content in external part of fish meat increased whereas that in internal
one decreased during soaking. The increase of water holding capacity accompanied
with solubilization of myofibrillar protein of the external part was thought to be a cause
of heterogeneous distribution of moisture in the meat. It was, therefore, suggested that
the biochemical changes in myofibrillar protein during soaking affected distribution of
moisture in the meat rather than permeation of NaCl.
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