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Fig. 1: Sample orientation and equipment for measuring the shear force.
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Y, 7XUEBREREERICLS _ERA%, SONEFEMSE ( (BK) B IR({E
Ar, H-800) {ZX v MNEFEEI00KVTEREL -,

(4) 70 el ] B oo A D U ZE
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ZTOHBEOREEZER-REIZL > TEEMR L 7=,

3. BRBIUER
(1) B Hh &AL

ERR L OCMMA ORI ORERRR%ZFig. 27T, £AOHE, EZ%
SRFMIZEN LR 2T ABET L, IRMTIRIE—RELE R, —F, M
RAOHEIX, TRTONMIZbE TERICKRTYHHAR BN, Z0
FREATAEIMBIZEIVBIETEIEWVI INETCOREDRKR L LT (0
twell and Hamann 1979; Stanley and Hultin 1982; Kolodziejska et al. 19
87; Kugino et al. 1994; AKEF 1994: Kugino et al. 1995: AES 1995) .
T, FRFMOBWIZEWTH& LSS, MBARARAERAOBE LR,
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2000

Shear force (g)

(0) 3 6 9 7" 24
Storage time (h)

Fig. 2: Changes in shear force of raw and cooked mantle muscles during refrigeration. €, raw
muscles; M, cooked muscles. “"““Different letters with each set of data indicate

significant difference (p<0.05).



(2) XFHBEBE

ARZLMTEBELE-ER%2Fig 3R LE, FEOKEBORERHS 3 2
o OHMBEOMEE THY, TORITEFMABERL TWDHHMAMEOEE
AERDOENS (Fig. 3, kA ., RE# CHREEOMIEMP EIC X v MR
EREHELTWD (Fig. 34) . LALZALE#IBLU2 4 Bz T4
MM L, TOMICZHOBRBIAE LT 2 FRRBD L (Fig. 3B,
C, R8) , ZomEPOMBE OB L > THIBMOBSNXEKTL, 20
RADHBABKILTHEEZ SR,

— 5, MBARIEZEBWTRWTLOREBICEBWT bMEN R 2RI 6T,
WTFRHAERAOHMO X S ICHIBRAER LcEECThHo7 (Fig. 4) ., oF
“, RO HABEEROBRB L L LITET Lo MIam o & haig
FLEZDTHY, iz, MEAA D SN H IRV A 220 D 0 # % O i A O 1
TR OBWIC L AERNRBRVWIEDTHH EE 2 LU,

(3) ZdRE T MM R

AMATHAOTEMIZ L SBERRERLFig. 51T L7z, WML OM @EIc s
PHLRRBREARDOON, ZNORHRFERMOBRBIZoN TX Y WEIZR -7z,
COMMERIT, SOICEBRICTRELELELEZS, MIBAOWNEZ 1+ 7 A~ b
OHEBEXZRLTWAHZ LAbA -7 (data not shown) . FHiAANIZH S I |
Ay FITHAEPICKRKES R5BEmMMAH -7 (Fig. 5B, C, K) . £/ 9
Wifilde K002 4 BFRl R8I L 72 SRR W BE sUK ORLF 2382 8 5172 (Fig. 5B,
C, RED) 25, ZNOLRANBREZOBAICIKITLALEBEIR o (Fig.
BA) o« Lo TZOKFIX, TOEMFKIWVEEHLATERVD, BHAOEEE
LIZ LD OPORISEDTHS LRSI, HMINRERICBEV T
ARFEEDODHE (Co) ICL-THEHFLTEY, ZititMoon and Hulbart (1975)
OEELEEBECTRIT—FELTWE, 9BXU2 4RFHMAREICIE, &EHE
OPICHBEXRE L7z (Fig. 5B) ., ZhiC Lo THIBRIOEAEINIETL,
S HOETiC oot Bboiic, ZOMBOSD MO LECHT S
HEZTHBELILLZA, HBREREEZIFHMOBTAERENRBDLNL (F
ig. 6) .

EOBRAICEWVWTE, @RPICBiT 280 EREOMEZSEL
HZ ENHALBERRRAICBVWTHESINRTWS (Love et al. 1969; Bremner a
nd Hallet 1985, 1986; Hallet and Bremner 1988; Ando er al. 1991, 1992,



Fig. 3: Light microscopic photographs of raw muscles stored at 5C. A, just after killing;
B, 9 h refrigeration; C, 24 h refrigeration. Arrows, muscle fibers” layer which
runs vertically to others. Arrowheads, voids which occurred during chilled storage

Bar represents 50 um
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Fig. 4: Light microscopic photographs of cooked muscles. A, just after killing: B, 9 h
refrigeration; C, 24 h refrigeration. Arrows, muscle fibers’ layer which runs

vertically to others., Bar represents 50 u m.
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Fig. 5: Transmission electron microscopic photographs of raw muscles. A, just after killing: B,
9h refrigeration; C, 24h refrigeration. M, muscle cell; Co, connective tissue-like struc-

ture. Arrows, unknown tiny particles; arrowheads, mitochondria. Bar represents 1 um.
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Ratio of spaces between cells ( % )

(0) 9 24
Storage time ( h )

Fig. 6: Estimation of the degree of cell detachment during storage of raw squid muscle
The area of intercellular spaces and whole muscle was measured on electron
microphotographs and ratio between them was calculated (means+S.D.). “"Different

letters with each set of data indicate significant difference (p<0.01).
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1993, 1995; Tachibana et al. 1993; Nishimura et al. 1994; Liu et al. 1
994; Sato et al. 1997) . aF—F L H#EOHBRBIZAE 1 BLAOKAD
BRSO FEEEL XN TVWAS (Ando et al. 1992, 1995; Sato et al. 1997) .
SEBBINT-ADHAOHMIERO MY, REBEHA L REOBRCEBEEA L
BARICLFETSZLEEZFRLTVWS,

WL LT=A VAICBITSMEOSMBOBME L TRXKO3SORBREEFEZSL
N5, EFFE1LIC, MEORMGIrMRMICHREELXZLBARRL LT
HZLb0THD. HIBMLARITBVW T, BHAREZICIAL, EEMmEHNE
Z5, LrLads, SEOERPOBBIZINE, 4 VHAIXHILAE L EE
MELREZ_IRbol, TR, AHIRICBWTHRIORBRIIRAESLS.

W2ORBMIL, aTg—HFr#EErEY it oReE s ET
LEERR, MRBOSHEPEZ o7t 2500 THY, 63 HFEHORBITH
MRE 27— ORMOBEETIDBTIZLEEbDETHILOTHD, ZD22
DERBIIFA=2 77— ORECEHETILOTH S, ARRABHAICEBWVWTIL,
a7 UOnMEAR1LIBBITELSZ LABEINATWVWS (Sato et al. 1
991, 1997). 4 ANERITEEWVWAT I B, D, LEMXRGFEELTWVWSZ
b, aT7—SFrOnRBIMLIAOMEERIZLITELIONLL LiLZW
(Sakai and Matsumoto 1981: Makinodan et al. 1993). LA LBEDOL A%
BPDABBRAOaT - OnBERE LAV, £/, 27—
yEHMRBREEETHLDREEEREERSA LT 7)) Y XIZO2WT LA I H
AIC2WTEHFESRTWRWY, £k, a7 —FURREER, 4177
PORBIATBAOBRERRIBWVWTRWVWEERAI ATV RY, LoT,
A DHAOEEZEDORILBROBEEMRHAT AEDIZREIOLRINENRLETH
Do

MBAICEBVTHE, EAIKBVWTRDORHHllaE XU SHMEkIcEIT S
MEARXFEPTROEELTEY, EAZMALEZEE (Fig. 5) ICH 4
BOXBARABRICTR>TWE (Fig. 7, KIE) . £BRICBVLTED LM
REOMBLELBRBEINR o7z, TEMBACBVLTIEHAKEEMOFEWVIC
LHEMEOBVEROLNT, ZOZLABITBEVABDLN R -T-RE
LEZOLNLD. MBAAOEIAHL, LOALEBEBRICEERLS —ETHE -
EiX, BEOBWVWARDOLNRLRHIBEMBIII-THIEMOBEAEHPBET
T30 tEZORIE,
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Fig. 7: Transmission electron microscopic photographs of cooked muscles. A, just after killing:
B, 9 h refrigeration; C, 24 h refrigeration. M, muscle cell. Arrowheads, the border of

the muscle cells. Bar represents 1 g m.
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Fig. 1: SDS-PAGE analysis of degradation of arrow squid collagen by bacteria collagenase.
A, control (no collagenase). The ratio (w/w) of collagenase : substrate = 1:1000 (B),
1: 100 (C); 1:10 (D). Arrowheads indicate a-chain of collagen. The reaction
temperature is 5,
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Fig. 2: Shear force of squid muscles which were prepared in collagenase solutions. Collagenase
concentrations are 0 (H), 0.1 (A), 1 (@), and 10 (®) mg/ml, respectively. The values
are expressed as average of 4-6 determinations*S.D. Significant difference (p<0.05)
was determined by (-lest. Asterisks mean thevalues which are lower significantly than

that of control at each time.
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Fig. 3: Light microscopic photographs of the control samples which were immersed in the
reaction buffer which contained no collagenase. A, immediately after death: B,
prepared for 3 h: C, prepared for 6 h; D, prepared for 24 h. Arrows indicate
the spaces which were occurred in muscle. Arrowheads, muscle fibers’ layer which

runs vertically to others. Bar represents 100z m,



Fig. 4: Light microscopic photographs of the tested samples which were immersed in the
collagenase solution. A and D, 0.1lmg/ml; B and E, Img/ml; C and F, 10mg/ml.
A, B, C. after 3 h preparation; D, E, F, after 24 h preparation. Arrows indicate
the spaces which were occurred in muscle. Arrowheads, muscle fibers’' layer which

runs vertically to others. Bar represents 100 um



Fig. 5: Transmission electron microscopic photographs of the control samples which were
immersed in the reaction buffer which contained no collagenase. A, immediately afier
death; B, prepared for 3 h; C, prepared for 6 h; D, prepared for 24 h. M, muscle cell.

Arrowheads, space between muscle cells. Bar represents 0.1 g m.



Fig. 6: Transmission electron microscopic photographs of the tested samples which were

immersed in the collagenase solution. A and D, 0.Ilmg/ml; B and E, Img/ml; C and F,
10mg'ml. A, B, C. after 3h preparation: D, E, F, after 24 h preparation. M, muscle

cell, Arrowheads, space between muscle cells, Bar represents 0.1 pm
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WA L7c e A AAEBOMBEIEIOED DU LEL~D
aZg—Fr oM

1.

o

BILEBIUVBE2TEIBWVWT, FAOHUEZRKICHLAT—F B KEHME
ELTWHZEPWOLNLERoTe, 27— FURPZEEENIHAITIEZO
HENRELRDHEEINTWVWSA (Ochiai et al. 1985, Sato et al. 1986, #l
L% 1986, Olaechea et al. 1993) , Wo T ANMRINS L AKAD 25—
CHHEERKT A TFHOLEABENIZET, ZO0-HRETF U~ Ek
T 570, HhMEMOGEE IR kb, FRHIINBAOBRILORE L5,
BLECEWT, NMARALZHASGEFMICERLR<EOTHA LY LKL
RERSTEORIOEDERDN S,

AAZNRMHE LSS, BHOATHEHAOHEIXETT 54, KHof
T CM < 7225 (JHIL% 1986, Kanoh et al. 1988, Nakayama et al. 1990) .
R OHOFHARANBMBMIZ LY B 25O MHILE Y 82 WHABAREIZEY
THEE T AL XN TVWS (Hatae et al. 1990) ., EHFHBHOY F LT
DEOHAICETSHETE, MBIV RLCILTHIELbIL, 2a7—F
CHEHEO MG ICELARD BN S (Ochiai et al. 1985, Olaechea et al. 199
3) . AT, A WBHARMARBIZLY, TOWITLANBIZHMSRDLT
DTV (5 L M 1992) . LALRAES, ERIZMBEOHMERE L
FeBF BN XL, MBIZX VA VAOHHIIFREN D LENTEY (0tw
ell and Hamann 1979, Stanley and Hultin 1982, Kolodziejska et a/. 1987,
Kugino et al. 1994, A AP 1994, Kugino et al. 1995, W% 1995) , —
BRRA A= LIRS D, FEMBICIVELNALSRDIONE, MBI L
HHMEOMERREERLINTEY, a7—FBlEOE T F M(LiXEB
FIREPR NSV EEZLNRTWS (Kugino et al. 1994) , ZDXHITEZD
NHFERELT, 1 VHAOWELOBREAEHT oD, —RICHMRMIZIL
aF—FoREEL, HHRREZESTMELT L TWVS, EIE5HA4D
OHMIBORES, HMEAEFLTBEY, HHEMICa 7 —5 - OFEES#KR
T& 72y (Moon and Hulbart 1975, Kugino et al. 1994, Kugino et al. 199
5) o EOH, MBIZLY HHEEICHBEAELTL, ERARREMICLSH
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HOBRMICLDEENTEY, ZOBMICBT2a27—7 OR5IZIXRE R
EN T2V (Kugino et al. 1994) ., LA LR s, a7 —4 AT EEKR
2F—FrOXHICHBRBERERBDLSNARVEROLOLEFEELTEDY,
a2 a 77— OEELX2EETE RV,

AETIE, SAOPHEICaT—FUoRREHETHILVWIBI1EBIUVE
2EOBREYSF 2, LV KX OUERELT IMBMBRIEICEITDa TS
DEBEZALNIZTHED, MBAHBAOHHELZRET S L LBIC, TOB
DOaF7—H OB EBLIVELEANLZLLEZHN, DHHEZEK~DBEEIZONT
Z8 Lk,

2. MEtB LU HE
(1) ® %

HREHZ X IRDE Y 7 A B (Sepia officinalis, T—Y ¥ =T i) HEIE
OWBERESE AV, EEMMBIEH2HHA, BEXZ10mTHh-72. 2B, &
ARERHEINEHKHTHDD, RMOERTIZ, REO-ABICHT-5HB 1R
TH5LBbID, AETHE, COBGTIB2EILTREL IS LLET S,

(2) BIdrHoRE

EREZSDHREZ10X10X30miZ )9, FHi& L 7<ZBEK (100C) £50mld A
SleE—H—3EIZ, 1T AN, TRENLL0S, 3073 L 605 M A R 3—
F—THML, KBEZI100CITR-7-, MBEEMAKRT LB, Bz L4 2 —
#— ( (Bk) AEHI %, RT-1002A) (ITXVEErHhEBELE, THF 77—
HoZ—DBZARESL, AFT—TVOAC— Fidlan/BIZRE L. SHiL
F1EODOFig. UWIARLEXIICWMEHELHBMT5H5m T, ABRKORMN L 1T

Yol i

(2) XFHAMHAICLHIBR

B hERE LERELY, REEZELHSE2 VIV ) OFATIXIX3m®D K
XXV HL, 5% 7V EZNVTATEF (0. IN) U EEEH R, pH 7.4) IT1H
UEBRLTEEL, dBRBR2ARBL L. RKTBEELEZHALLGII VY
DFATESITIXIX2mTHE L, $WT50-100% =¥ ) —ni L DBAZITV,



XV UTHERLEE, "7 L, BELEARATZ0 TRy 2
oI/ b—ATEISIZu DU 2ERL, 274 FAT XY i,
DX -V EITLVRBEL, LFHMHE (XY 32 () , BX50) #AW
THBLEL, 2B, BiELRRVAFHBREBREE T 74 VO ZHWTET
IDIX, Do —Y  rREELIVaT—F a2l b t2EAMETS
rHTHbH,

(3) ZET T HMBTIZ L DSO8R

AFBEREBBBICEHLEOLRLEELES > TA0E, IV IDOATI
X1X3mmD/hF2GOVHL, B1ELREOFETEROA ZERL, ZBW
BFEASEE ( (BF) BS®ERT, H-800) IZX v MEEEIOKVTEE L,

(4) a7 OEI7F RO E

M ZRETZH TN ERC, RREETCEONEREZ, ik L =%
#AK (100C) #5mIDA-TZE—H—3@EIL, TREFNH10gTO/MFEL TARN,
FNENI0S, 307 BLVC0B A A A—F—THRL, KIBEZ100TIZE- 7=,
FRNTNNRKTER, BRZEE ELITHRES A X L7, 10,000gT204 [
BOSBELE®%, TOLWEEBAKTIOORIICART v 7 L, ZOERER, &
AAIICE YEVRAHICTBEHLTWRWESTF U 20T 2HEMELT
fiofce AAT w7 L= D 5 5500 u 1 2 6NEEE T150C-605 HIANAK S #Z L
letk, 7 /78aHat ( (k) BB®4ERT, L-8500) LWk FrF Tl
v (Hyp) BZRE L, £, LOBAIKODVWTHEBAKPTHEEV A XL,
FEROBEZIToTo. WIS, £OHA0.5g% % D% X 6NEER TMADHE L THyp
BHEZHEL, 2HAPOHypREZRDTZ, TNLOR/EREMNLL2HypRICH T &
HHPOHypROKRZHHEL, 27— SO ITFALRE Lz, ZOKE, £A
EBWTHLHypZEL_TFF, S5V EMAEOHypAFET HTEMELES D
OT, TROHAXNZLEAWY, T _XTORMEBI Y EARAOKIHH T OHyp &R
EELSIVWELDOE, aT7—4S U BIUOEITF o HROHypRE LTET F 4k
REHBR L,

A-B
BI7F AR (%) = X 100
C—-B
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Fig. 1: Shear force values for raw and cooked cuttlefish mantle before and after heating in
boiling water. Each value is the average of three determinations. @, measured just

after heating; A, measured after cooling to room temperature.



ST HOREORR, MBEE THERZL, ZRETHRHLTHLLRBET ZHEH
MBaHH (Kugino et al. 1994) , ZO XS5 ICBELE=BESOREMIZFig 1
(A) DESRBRERY, MAREBEEITAELESRE (@) THERTPLRKE
7Zolz, NBRHEREEZXL5E, EELEBMAVEELZRE7-D, D
REREPELVWRKETCTIOAEYS L BEbiLk,
MBOMICHAOR S IH21%HBL, ABREL R-omL 3 ICRz~, #
B, 1A HARAIMBRTIIILELRDLE—RITEBZONTELERN, Fn3Z0
LORARAPLHFEINT-ERLEDNRS, MAICLIVENREL, B3
EWVWIHIBZAELHHN (FFE L RE 1992) , SEIONME HIX, MELXIV-H
COREOLEIVBHRAZHEK LTEAIELTWSED, RORMITL-o-THA D
AOBBREZORVWI LEZRLEEWVWLZA,

(2) MBRIZL SHEBEEDOE

HEEMBIC L IBBREREZFig. IR L, MBFEMOREE L bic, &
APIZHBRPEL T 2R FARD SN (Fig. 2B, KED), FiZihMianmic 4
CTWLHBEPBRF CHoL, BiMREICH =27 U BEETIEEZLR
e, aF7—FUrBEITF AL THRMASRESET L, #5825 A
ELCTcbDtBbhi, KB Fig. 203 B FIRkFokaF—S U HATH
0%, ZOMyOMEIX60sMOMBO% LHMBEICHEEL, KT RELEZ
RDONRhoTe, ETLFERIC, 27—F L VBRINTVEIRE L0,
MBZRICBWTHLERFELTEY, Z2OMENETHZ Lixieh o/ (Fig. 20),

WICHBTE F MBI L 2BMBERE T (Figs. 3, 4) ., £RW TIXHHM
e oD A T T L ARE TR AR AR 3B D BTz (Fig. 3A) o EWhMifafic = 7 —
FOBMHEPGFET S2LEZLNSD, TORBZIEFICHLS (Fig. 3A, XKH) ,
27— UBHOGERERCER ol LALRKLILICHMERTEHE
LS E, Biric kv MMz erolEmnBd bh/zd (Fig. 4,
KEH) , a7 — U OFEEZBEERTERVWELEREDNS, —FH, BVWFRIZEF
ST-HMEMo =7 —47 845 (Fig. 24, XH) Tik, AR ED0=27—4
VHBHERRELTHFELTEY, TnfFhoa 77— U #H#EO KIS X400 T
»Holz (Fig. 3B) , RIZMBRZOGAOHEMBEE R THD L, MAFICED
BNTEMERBTHARICZ-TEY, NMRAZHICLIIBELREEEZ TS
EbEZBND (Fig. 3C) , LAL22ds, REEMSBIILVBOLNLHHE
BEOBRERDLAT, BHEBMEEELEETETHo, THIHAEHER
EDOBWIERTALEDbILZ. 2 W AEHRAMBEOES, 77489 %
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Fig. 2: Optical microscopic photographs of raw and heated cuttlefish mantle. A, raw muscle
(the arrow indicates collagen). B, muscle after heating for 60 min (the arrow indicates
space among muscle cell). C, surface of muscle after heating for 60 min (the
arrowhead indicates the skin which remained even after 60 min of heating). The bar

represents 100 um.
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Fig. 3: Transmission electron microscopic photographs of raw and heated cuttlefish mantle. A
cross-section of raw muscle cells; B, collagen fibrils assembled in the raw muscle
(Fig. 2A, arrow); C, cross-section of 60 min-heated muscle cells. D, collagen fibrils
assembled in the 60 min-heated muscle. Arrrow indicates the narrow part between

muscle cells. M, muscle cell. Bars represent 500 nm.
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Fig. 4: Microstructure of the intercellular portion. Unidentified material exists
between the muscle cells (arrows). M, muscle cell. The bar represents

100 nm.
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ERLIEDE, TREMALEBCHBRBRELIT . OB, MEOLDICY
RHIEADDBEL2»Y, BRAKELAHVES CTHREORERET I LEH S,
INESCTEDIREEREZITOOTHHN, MBI Y GAKMMMEEZF
(ELTHERETFTLTWSEY, BELLI-TLIREOBRBERIT 2oz b
DEBbnsd, — 5, BERBIHEBSEOCRE, “HF U BIECTABLELEE
LTEY, UAEROBEMTRENBRLDIZLBIIBLALRY, F0, B
FHMBERZICBV T, BHHMEBMICBRRBAE CLbombD e Bbis, L
LR G, BEBE LWLy, HMaMOXBMAFRHBIZR-TEY,
ZOWMICBWTNRICL Y BEREBEREZ 2 TWHLEEXLND, —F, &
AlBWTRD N, a7—F U H#ENESLTWEES (Fig. 3B) Tix,
6077 M DMBEIZEWVWT, COEWHEOKIDBML 2T WVWDH L DD, Bl
BHFEENETETHY, TOBYDaT—HFLrRETFAELEVR- L
TWiWnWbDEBbid (Fig. 3D) . ZhbORKRIX, EELTHFELTWS
Hpoasg—F a7 F o Lic<voicxt L, HMEOMICFEES
H5¢EZEZOND TS URBERIVDBDRBREHLTALETHHLERLT
VWD,

(3) MBI XDa7—F DT F ML

27— O¥TF MR EFig. SICF L, EBREOHypBOREMIX, £ A
D KEMEE 5y P O#Hyp & : 1.616 umol/g, MIA O KB 57 O #Hypft : 2.
409, 3.038, 3.500 zmol/g (410, 30, 605fMMBR) , EADEKOHyPE i : 7.
525 umol/g, ThHot, ZOFKRLY, 60MOMMROM, 27—F L D¥F
FAMERIT ERFEZHRT N, 603MBRIZBVWTHLE T F AMERIX31. 9% &
EED, 0%Da7—F 3BT F ML BEZ S RhoTc, TDOKT0%D =
T URBEBSERBILBVW IR LN, a TV U BENRES LTV S
FDRAT=FUh, HBHIVIE, NMBRELVBRFLTVWERRDA IS THD
EBbhad., —FH, EFF{ELERNNR2%DaT7—S ik, RO X&S
LTWda7—4re¢Bbhd. ARLHBEAADaTI—F U THYIRELIDL
IIMBRIZIIEBERLRIFREE LT, FEBMNICEL 27—V OHEAD
BWAEZND, a7 — PR RRI D FROGEXBEINTEY (k¥
EREA 1985) , A ABAOHBEL 2RO TS OFEFBEILTVS
(Mizuta et al. 1995) , P FRVERLRD L, TOGFEBNOLRRLI LN E
BNz lIlBWTHEINTEY (Duance et al. 1977, Mizuta et al.
1992) , SERIOFKERDPLA DICBVWTHLRBOZENREEZLND,
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Fig. §: Change in the gelatinization rate of collagen during heating for 60 min. A,
gelatinization rate calculated by the determination of hydroxyproline; @, shear

force values for raw and heated cuttlefish mantle as shown in Fig. 2.
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4. %

ATATFHEREMEEZATIHIELE LI, FRENICLRILLKEEY TH DA
BOBALIRIKESRLRS, RADEHE, MARICIVMENIIr RV REEIN
% (Kanoh et al. 1988, Hatae et al. 1990) ., “HiIXABEO4 RIBENIL
BEICHXTEL, TOEHI R 7BEOWRBENNIVWI L RFER L EZ S
nad, LELR2EL, A 70BEGLERBREICRARLE XKXRBEY B2Vic
LAPDLLT, NMBAZOHAOHMELRMERINRVREINTEY, ABOH
GERKELSRRD, AEIOERERE T, 4 OHMAEK ORI MR X
DAHBHI R o7z, ZOBMIZE, —BROICMERE: SSHBRGEET R,
AETR, Bo0icBREABRES LEEREFRRBDLN (Fig. 3C) . 72/
MBI OMBERIIOOCTRHBRIZRY, ThoRRBHICIDI YU R7AORER
REEBEbniz, —FhH, 73V AT 2303 MR LT-EBE, HHKROBEEESH
S HELEHIT, MBEHEASETAZ LAEEINLTEY (Kugino et al. 199
4) , AEOFRLRIPPLRRE, TOLHYRBVWAELCTEBE LT, #HEL
LTHWEA ZORBBORBVUMT, £LERBREOBVWEEZLND, T4
D5, Kugino et al. (1994) AHWIEA AR EDEIIA I THDIDIZHL, &
BIRWEORGHA DOBRESTHoT=, £OA WOBE, HAPOEL LT
U7 7 —EREOEMLZHEFLTVWELEZONDD, MARRFIZZ G A
X, MEMEL25 B LETRERMEED D, RBAVOEBE, HE&EZEHIZLY
BREVPEKELTVOHAREENEDY, ZOEDICHAOMERMEIRTZONY
LivZevy, ¥ 72, Stanley and Hultin (1982) (XD A # & MEERE L4 7
COWTMREDOES 2B L, oA DICBWTIEXMARRE L2135 A
HBWZ L EBELTWVWS, ZOAICOWTHELIX, SAVATIVTE FOERIC
LW E R IBIIRBRTEREEDTHEAI ELTWVS, —RICHAEICHWVWS
NAEABDITHEMBERNRZL, ZOBRICRBAHRAETEDONTCBEOREZE
BREZDHIZELESTWELEDNS, 29, HHAOWMERELE/NIWVIZ
LD LETMBIC LV ESNLRBIENS, BERE LA ZARMBRIC
LOERLENPRBRBIEIZSWVWTHE, HHRBOMEZ{LOEEIXISWEEDR
.

HABOMIBERIZEETVE, TIICHBRBRUAOBEDNR LIALZ A
BHHND (Fig. 4) , 48, a5 —S L O¥TF (LRI MBREIZE W
TH2%THY, DRVEBINRETFAMAREI - TWVWHEBDNS. XK F
ig. 2C)X°Fig. 3BBILB O bNca7— U REASLTWABA TR, =2 7—4
VM OMEEII N EPoT= G, BIFAMELER%D AT —F X
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FILHMBaOMICFEET b L BEbhic, A AHGAOa T —7 - OEEIEE
ICOWTOBERRSZ6R2WA, 4B, 100C-607MMBIZB WV THLAI70%
DaFT—FUoBEITF AL Lghrolzcl b, PR HBEOKRZ 22T —
FoTHBHLERBDONAN, A VORBERBEDO2T7—F IOV TOHE (Kin
ura and Karasawa 1985) (Z k7T, ZN6OZEMHIRBEII2CRIZIZT 20,
COBRVORRAII2T—HF U aFOHRLBEAEPICHD EEZ LN D, Kinura
and Karasawa (1985) D#MEIZRBWTIE, a7 —F U FR3_XT U #ElkEz%T
TEVIELEAEDEZR->TWD, B FRIZAB L2 —F A DEHEERLIT,
FELEAVRAOREICHERLS, EHBEERZXRLTHS (BRELEH 1962) .
LBLBEE, KFEOLIICa2F—SF U BlEZERLTWEEE, 2a57—4
UHATFIRELEABAICBW T FRIBBEK LTEY Gk LEER 1982) |
MBZE > THOBRICEDFIIETITF U eRroTlEMT A LIz TE R, &
nNwzx, BROICPIF AREP2NICEEE 2T EEZLND, T2, 14
HHRADaT—F U PREGFAOaT —F AR TF AL LIZS NI &R,
FLAIDHBAATY, ETF MDD LT IR T — 5 A HHEOFERIIC
LOWRRBZOR, TNTNOa7—FUoaFIZBWT, FFRIBBREROE VD
HolHLEZLEND,

KEORKRLIY, AVHARMBIZEIOERLENL 25, ERITHMIEOHE
BBl LZ e, — BOaF—FrRETF AT HEDTHDEE
b,

5. BEH

REME LT A7 DN EROMBIZL 529 LI CBEOE{LZH~
o TEDORR, VEFA—F—ZRWVWEHBHORERRN»G, MBIZLIVES
MKRDTENERS NI, FRAFEBBICL BB LINE, MAROEST
& bRVWTHAMBAICHBRAA Lich, SRAEFRUSBRICIiEZ oM
RIxBD N hoTc, TORE, AFEHMUEBRBIIBWVWTED R ZHBIX
ANLEHTHHAREMESEVRE, ZOZ LRGHBEOBEHOET.25RT b
DEBbhic, ¥, a73—F O T F U ALRIIMBME05EICHN2%E T L
ALk,

UEDFRRIY, T304 JHEREBHRIIMBIZE VRN 2D,
IHRGBMEOBIEBIEUNC, BMROMIZFEET 2BV EDa T —4
YDEBIFUARILELBbDEEZLNRE,
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4) a7—4FrO¥8T7FACRORE
aF—FrOCTFARIBEITLRKOLETRHE L,
3. MR

(1) iz X 5878 Hh D&k
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Fig. 1: Shear force values of raw and cooked squid mantles before and after heating in a

boiling water. (A), long-finned squid; (B) , Japanese common squid; (C) ,
flying squid; (D) , arrow squid.
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Fig. 2: SDS-PAGE analysis of water-soluble fraction of squid mantles. (A) , long-finned squid;

(B); Japanese common squid, (C) ; flying squid, (D) ; arrow squid. Lane a;
molecular weight marker, lane b; type I collagen of porcine skin. Lanes c, d, e are
the water-soluble fractions of raw, 10 min-heated, and 30 min-heated samples respec-
tively. Arrows show the metachromatic proteins.
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Fig. 3: Change of gelatinization rate of collagen during heating for 30 min. (A), long-finned

squid; (B), Japanese common squid; (C) , flying squid; (D) , arrow squid.
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Fig. 1: Transmission electron microscopic photographs of the cross-section of raw muscle (A-E)
and 30min-heated (F-J) squid mantles. A and F, long-finned squid; B and G, Japanese
common squid; C and H, flving squid: D and I, cuttlefish; E and J, arrow squid. M,

muscle cell. The bar represents 1 um.



FODRSEE, MABRICLoTETF UL LRVET0%D 27 —HF L LEZ L
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(2) 3HMOT A Y RBIZ X SRS MO S EMEORE

T2 A T OFRIMBGE O M E OB IEIT OV TSEN TS L 72 f R
#Fig. 2MIR LTz, BHMO7TvH VAR L » THINR BB, Bo
FOEONEMENHARICRD b, BMEAEELEHLIIEREINLD R
DEEREI20uall FTHoz, £7-, WiFLE (Ohtani 1987) °MAHE (Ando et a
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Fig. 2: Scanning e¢lectron microscopic photographs of raw (A) and 30min-heated (B) cuttlefish

mantles after 10% NaOH maceration for 3 days at 207 The bars represent 50 um.
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PHToRas— Ao 2T 864K THIOILHET A LIXTE I oI,

Fig. 3: Transmission electron microscopic photograph of the sample which shown in Fig. 2A.
M shows the void after elution of the muscle cell; C is unidentified material which

was not eluted by 10% NaOH maceration. The bar represents 1 um.
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Fig. 4: Chromatogram from the amino acid analysis after hydrolysis by 6M HCL A, cuttlefish
mantle residue after 10% NaOH maceration; B, extracted collagen from cuttlefish
mantle following 5% glutaraldehyde and 10% NaOH preparation; C, hydroxylysine
standard which was hydrolyzed by 6M HCI after 5% glutaraldehyde and 10% NaOH

preparation.
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Fig. 5: Scanning electron microscopic photographs of raw (A-E) and 30min-heated (F-J) squid
mantles after 10% NaOH maceration at 20°C for 14 days. Samples A-J are the same

as those defined in Fig. 1. The bars represent 50 um.
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Fig. 6: Transmission electron microscopic photographs of raw (A-E) and 30min-heated (F-J)

squid mantles after 10% NaOH maceration at 20°C for 14 days. Samples A-J are

the same as those defined in Fig. 1. The bar represents 1 um.
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Fig. 1: Light microscopic photograph of the cross-section of raw cuttlefish muscle. Arrowheads

indicate collagen. The bar represents 100 z m.
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Fig. 2: Transmission electron microscopic photographs of the raw muscle (A-E) and 30min-
heated (F-J) squid mantles. These are fine structure of the collagen which was observed
by light microscope (Fig. 1). A and F, long-finned squid: B and G. Japanese common
squid; C and H, flying squid: D and I, cuttlefish; E and J, arrow squid. The bar

represents 1 um,
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Solubilization rate ( % )
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Heating time (min)
—&— Long-finned squid —— Japanese common squid
—&— Flying squid —¢— Cuttlefish
—&— Arrow squid

Fig. 3: Change of solubilization rate of squid mantle collagens by heating in boiling water for

30min.
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Ta__l?ie 1. Amino acid composition of solubilized and insoluble collagens (residues/1000residues).

Species Long-finned squid Japanese common squid Flying squid Cuttlefish Arrow squid
Heating time (min) 10 30 10 30 10 30 10 30 10 30

S | S | S | S | S | S | S | S | S | S |

Asp 59 60 58 59 58 62 57 63 59 62 57 65 67 63 62 63 60 57 59 65
Thr 27 26 26 21 23 25 24 2] 25 217 24 3 23 o 25 26 24 21 24 28
Ser 32 31 33 39 36 39 36 41 36 42 39 44 41 42 40 4 34 32 32 35
Glu 90 89 89 82 a1 93 92 94 88 91 83 91 83 84 87 89 85 82 87 96
Gly 333 333 331 327 325 319 330 313 346 329 329 336 324 314 343 313 310 316 325 301
Ala 85 96 90 95 91 97 97 98 83 88 89 93 84 90 87 93 79 103 89 101
Cys 1 /e 1 2 ND 1 2 1 ND ND ND ND ND ND ND ND ND ND ND ND
Val 27 25 25 21 25 24 23 25 22 22 21 23 19 21 19 20 24 22 24 25
Mat 4 16 12 15 11 11 10 1 10 11 12 10 14 13 12 16 9 11 13 14
lle 26 31 21 16 24 21 20 22 14 13 15 16 15 23 22 23 25 19 23 21
Leu 33 1 30 29 33 33 31 34 217 27 27 31 28 32 28 32 32 34 34 39
Tyr 5 4 6 7 1 8 7 | a 5 4 3 8 6 8 K] 9 8 4 7 9
Phe 12 11 12 14 11 13 1 14 9 9 9 10 6 13 9 13 12 14 11 15
Hyl 19 16 17 15 17 13 16 13 17 11 15 13 10 11 16 12 19 20 17 14
Lys 15 14 14 15 13 1?7 13 18 12 1 12 13 10 17 9 16 16 11 16 19
His 1 4 6 6 7 9 7 9 7 I 6 8 6 8 6 1 15 5 6 7
Arg 55 60 55 55 64 58 59 58 57 58 57 60 56 57 99 61 52 52 56 61
Hyp 12 13 16 79 18 66 69 65 81 15 80 60 11 74 " 62 T2 74 mn 56
Pro 94 98 98 97 86 91 96 90 102 113 122 88 137 105 102 104 124 117 106 94

S: solubilized collagen, I: insoluble collagen. ND = not detected.
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Hydroxylation rate of Pro ( %)

10min-S 10min—I| 30min-S 30min-1
B Long—finned squid B Japanese common squid
OFlying squid OCuttlefish
W Arrow squid

Fig. 4: Hydroxylation rate of proline in solubilized- and insoluble collagens (means+S.D.).
10min-8, solubilized collagen after 10min-heating; 10min-I, insoluble collagen after
10min-heating; 30min-8, solubilized collagen after 30min-heating; 10min-1, insoluble
collagen after 30min-heating. The asterisk shows a significant difference (p<0.05)

between the soluble and insoluble collagens at each heating time for each species.
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Fig. §:
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Hydroxylation rate of Lys ( %)

10min-S 10min—1 30min-S 30min-|
B Long—finned squid M Japanese common squid
OFlying squid O Cuttlefish
W Arrow squid

Hydroxylation rate of lysine in solubilized- and insoluble collagens (means+S.D.).
10min-8, solubilized collagen after 10min-heating; 10min-I, insoluble collagen after
10min-heating; 30min-S, solubilized collagen after 30min-heating; 10min-l, insoluble
collagen after 30min-heating. The asterisk shows a significant difference (p<0.05) be

tween the soluble and insoluble collagens at each heating time for each species.
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Fig. 6: Pyridinoline contents in solubilized- and insoluble collagens (means+S.D.). 10min-S: sol
ubilized collagen after 10min-heating; 10min-I: insoluble collagen after 10min-heating;
30min-S: solubilized collagen after 30min-heating: 10min-I: insoluble collagen after 30
min-heating. The asterisk shows a significant difference (p<0.05) between the soluble

and insoluble collagens at each heating time for each species.
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