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SUBBATY

To find out the optimum freezing condition of squid, Todarodes

pacificus, phvsical, chemical and histological qualitv changes during

the storage of three months under the temperature of -18°C and -25C

were investigated.

The results are as follows:

. No remarkable changes in pH could be observed during storage
regardless of temperatures.

. Amounts of free drip, expressible drip and cooking loss were

increased while water holding capacity was decreased during
storage.
In extractibility of muscle protein, myofibrillar protein was
decreased during storage regardless of temperatures while
alkali soluble protein was increased with storage temperature
although some variation was observed. Amounts of both
sarcoplasmic protein and stroma protein were rather stable
regardless of freezing temperature and storage veriod.

. Extractives—-nitrogen content was not changed markedly 1in each
temperature.

. Microscopic observation are as follows:



I

2)

3)

In muscle tissue structure of fresh samples, fine nuscle fiber
was densely distributed all over the muscle tissue.

In muscle tissue under frozen state, fine ice crystals were
formed in extra-cellular part along the running direction of
muscle cell immediately after freezing and these were grown
during storage, but restored satisfactorilv after thawing.

It was observed that tissue structure in thawed state was not
restored satisfactorily after one month storage regardless of
storage temperature and emptv spaces between muscle fiber and

breakdown of compact muscle structure were appeared.
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RS E KEY> BEN BRI RES AR REEH A &
ol 7tzeln Y SelvtetolMz FaEsr KHE #Hemeoszsd TR
F Aerh, 3, KEYS- 8 BEES BRASD FH#EE A,
=t G{EHol g53td EHRMS FHHIAA UL odedgg 2l Uch,

olof 25 BRIEEEA UM KEW REEHZ Al A2
sh7dshed psEl = ERHHRL BHTol ool dol KNIFEHMIZF MBS
Wals Falofl SEBS 223 HIEIsZ]  Hstod M@ el
EFz, el RHATFS st MEkrdol de| MMzl <t

ek EEEEol T oledzbxl MEZE Rz e 2 s
HEEER Aty 2ol doluks W@ RFEs % odeizizl MM, (FSm
ol Wb EHIER MiEol A HEEREIz] ofow! oy Folvk, =t M
Frafe REyss SERES 24A%r0 g 29 4 Y7 wfFol  MmE
EEHEol KR Szl Uit olluizl ko B wl ofiuixl &
el B#zE clct. ohebM KEW®E obviet AEel AEER Aol
FrEimE s DES RSt #Rsh s BRI BiEd ot REY
VE7h 2o olof ofst gpe H2yh A ol Al dolth(Hhel Ky
. 1984; /ABR} K E. 1984, 1985 5 F £, 1983).

Lovegl Haroldson (1961)> chi-2| WSk stetdiEmaiol HE5er 7
> fRhditkol MEER 2ot tredol HE2 WMol M MEHEEH

wh2 v 2lof whel MG Foll vielu = HIBE ER7E b sbd o
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o, PHIC1962) + MR Blg MEstd ol SHEY KaEol By
5 BRI Rl AL w0 MEEY BHIM AR T MmsE
Pl 2~ =287 dojrid HGI(1969) = Freimel pid woflalal K&
an Aol ERZE do FHENEHBI FEAM PANM gEHwEmicl A
T W MER HES Hol FAKMol Froha siich,

F(1978,1979)> M 82 HEEHFEol ot H@BE(2 =RV M2
— R AR ol ol K HEBo] Mo el KE L MY del st
o 670Y 7 HEHE B 2 MBola A Fo| ue MEFolM B
e ek M K& Sl Shol A2zich sk, =% Bello £(1982)
= BN E MM 2ol 2l SFEMRT GBS MAREBIE 22
2 ZY 4 sdckx skgdch

abebA, WMERBSC HEEEC #Feo= BFo ozt T.-T.T (Time-
Temperature, Tolerance)2| A& =vi"s| 332 olof 7128 = BrwlHHY
off FMest- #Fe Bre MEESE AMeiE|z] 9o oty ook, T.-T.Te
BATE FAEHY Bgol YoM S FEEE A shrigdstod @ikl 48
Aol Hodzim, MEHE ME KRiRES oluizl BEE F932F oy
2) detel glolMz T.-T.Tef A7 "A%s| slojob & Lol Qcttn
Azbsick, Dk fE KEHol oist T.-T.T2 MTEHES 12 7tz
U ch.

ojof AEH> A 2fctollM Mgsi= ol E oo g Mapsr H
HeE S RAst 2z A g Bfbel  BES Mot gEstoa 24 o
2} HFEF -18°C, -25ColA MEsstod 3709 7H 2k MEBMF ot e

RAffihe] pH, HEE=3. MEH =3, Cooking loss. 1£%k#. WFHHNEHE)
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. o &
1990%Y 5% 8Y AT A BifiolA A wrt rFEsr ¢ Alod, Todarodes
pacificus (#E 43.5-34.5cm, #¥ch 114.2-269.3z), & ~~<stod cie| 2

Uzg st %Eore KT Feol Ab&stich

2. Mk W WMHE

1) e

H¥1E polyethvlene FHuUl(FE2] 0.05mm)oll WA Yol -187C,
-25C2 HEASEEAM HEAT F 2 AelolM 374Y 7Y MBS
1=

2) Mg

Aetel FLEEE 2-3C H wizkxl 5C2] BEEEANAM BB TFR & E

4A17H) skgic},

3. WWH#E

1) pH

pHE MEEHE el HHMN-Z MY T 2rababd ool BEEEsED 3uiErel
L5 4E 7tstod B AT F pH neter(CORNING M120)8 Ab&-stod MFE

sheich,



2) WlEc =
of 222 MEABA LT A28 7 petrifAlol W Fola 447+ ubx|
stod MR el R B HEE ot HHXIE el ol

3) BEHE=F
HER o 222 A2 S 7 ZelAE| T FI2 wUARE 2Kg/cmZel P
o7 2%Eor MEY F MRz el ARV Ee] BB dit AaX

E vhebuigich

4 RKH

Heh(1969)2] Hko 2 HM=R MFEH AMAL FHEAz No.2Z2
ETFTE 2t hER BHEH S FFstd 10Ke/cm22 2 287 flUEESH S HRE
mesg ol sl KBS MESID BAEBAEL Kool chdr AnXE
Lhebul et

5) Cooking loss
FHE o 22 7L Harzjold 1# £9F cooking®t # cooking#ii
PR Sl cookingth PIEES ™ 72 cookingfii BB citr A9X

g dhebdigdch,

6) EPE ph % FE
Ehel BAK1960)2] FHES vHSrsr NEA(1978)2] Kol kol

=, Mgzt &t 2e2 loml 94t 2el(1;0.05.pH; 7.5k ¥
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homogenizer (Ultra turrax TP18/ 10S1, KARL KOLR) E 2% 7F 98 (k52
7000rpmofl 4] 30%-7F A4} Helstod Yol ARAdFe FEEFS KGHM X
HETFFE stdch. M & B@ol BA/A®(10ml KC| phosphate buffer pH
7.5 Yol HELste FoAR A2 AZe FERRS TN EABEE
2 st Bffol O.IN 7pAd ot feolo g ®iebslo] sp-ub ubxist 27t
ol R Fe] st oA AFed Fof FFEY FEEIA olE U7be| AIAE
H EAETEZ sidct, dHelpil T BBES BFES FEstd ol &
REEABTES stdct, ol HhHS Tt whxjee] g+ 23k 5

o|stofl A sl o] FFEel FES micro-kieldahlH o 2 st3ict,

7) AH FERA FR
ALlic1974)2] Fgg oletAd F@EsEch(Fig. 1),

8) K pRamEm A W

HEM e WA TR(1976.1978,1982)2) HEo & b2k 7ol stod M
#Axs Hedct.

(1) @FE

AENE 2 lemdel MMl o2 abe}l 10% formalino 2 Fioha 297+
BEsH ch. ERERAB - WM (OFH . 1980) 0l 2stod -18°C 2} -25C &
B %Y formalin-alcohol AREC & 912 WMLl AWMol M 22 [#F@sH
oho MM BB ARBe e AEo R sty

(2) Meale) 4

BEEel = ABAE i AKolA 2Y7F ®2 X (0XMete! (IXH S K
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Sample 5g

+— 1% picric acid 40ml
Homogening for 15min.

+— 1% picric acid 40ml
Homogening for 15min.

l“‘ Hz0

Make up 100ml

l

Centrifuge for 10min(4000rpm)

1

Supernant

l

Take 20mf

1

Eliminate picric acid with Dowex 2Xx8(Cl-form)
(100~ 200mesh, @1.5X12cm)

+« Hz0
Make up 50mfl

Take 5ml

Micro kjeldahl method

Fig.1. Flow diagram for Extractives-N determination
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Aol &A  2d7t ARAAUCh 2 ooy 5C Al Wels 2 g
A7 ## block-g SHE ¥ 10% formalinfESoll 1Y Yol Mepal 2 |4
{EA Zct,

(3) WA A=) WIE

Cryostat microtome(OTF/CS, BRIGHT instruments Co.)° & 10-25um°| ¥4
MY H2 Tt

(4) @ty

KBTI 2 2% eosin RS R HEHPEstod apathv gum svrupe 8 H A
sho] f#@sgict,



m . &4 5l s FZ

1. pHel 4

Fraer Huk o MEERY HEES 37197l S Aol pH Er s
Fig.20f vhetul ek, Sl nEoll Mol RHEA pHE 6.6001 b -18°C.
-25C ol MESE o= pH 6.42, pH 6.40°.% K K stJ o 1 T @R
mEt PAol FHEiHMol ZolMoll what orzF Wikstod HWEEW 3719

+ -18C2} -25°CollA pH 6.29, pH 6.30% & dct,

Heb > ®E -+ Granelle 5(1982)2] 7helul Z7) 9 & £(1984)9 =
et SRR ch pHy ol W{psbal gfteb sh: R sttt p 2
= oov HEER pHY K TS e ARl R 3 Mol b2

glycolysis 21850 g Azbejo]2ir),

6.8
a—a - 18°C
6.6F 0—0 - 25°C
S 6.4k
6.2}
L

T 1 1 1 1

fresh. O | 2 3
Storage period ( months)
Fig.2.Changes of pH of squid during frozen storage.
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2. M= @ Bt

MEE R B o) R S SI@) WS Fig.3od vtelbuld ), JgmEc 2
B R -18°C2) Ay MEEdol 8.9%8 ¥l im0l
HolH % Hab Minsted B 3719 E 11.6%7bz] MfgstU o, -25C
R EA A= HMEEE 8.7AE -18CHEAMY W 2ty RUch
=25C2| MEHREPAS FrEiifio]l Hoi3lol miel A Mt o ¥
W 371 F 10.8%2 M -18ClHywEol M Rohys ye zr2 vepui g,

E(1965) = K- 239 52> Mol ME o H&EE e
of RMAEY 4+ X2 Eol st FhgiMe) 8. MASol Yo
Lol 2 RR WEER U2 S3o] SE¥ch #EsIt e £ (1973

14
&——a - |8°C
N ¢ o
o 12 o——0 - 25°C
a
S
o |OF
o
[V
8...

1 AL 1 1

frlesh 0 | 2 3
Storage period ( months)

Fig.3.Changes of the amounts of free drip released
from squid when thawed after frozen storage.
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2 2o ol TI MARoAM HEE=UE> VE TRA K 3 W
ol whe} 2tets] cb® FHES vhebuiz| 9 Breififiol 7ol ol whet N
sh& ZAtrol vk st ub Qlct.

A Fw #FERs Felifkiol ZolHol whel WME= I Eol Msty =
of ¢lel @& (Hc.1965., K, 1973) 2k H ~FHstE F o g Ml Mo},

3. BiBesg gl
BHe=2Ee] MESES Fic.doll vebulidol, e 2| B2 #Eg@E kol
T o2xof ¥ EHol 21.3%UfIU L W 17He Aol -18CHriol A

26.8%., -25CH Wl 26.0%7tx| Mfjnstod Brwk 370 szbx| M A5 ¥

sted o 27.0%ufeldtt.

-~ &———a -18°C
S 30r o—o -25¢
a

5

o B

=

[524

D

s 20+

NI

fresh 0 1 2 3

Storage period(months)

Fig.4.Changes of the amounts of expressible drip
released from squid when thawed after frozen
storage.
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Heb 3 BB B2 Bt Zol HBEHEREIS Ao
e ifdlo]l Zoizlofl whet BEH =2 fol Mst= 718k nolon, #HM
(1969) = =Jefo] MEkEold EHE2 B R Uz B 2

of ol uhe} MMBHE 73srolgich M itk

4. RKtE Wit

A WMERBRT Fig.5%F 2ol Kol b= B 2
ER- Ao A MEEEMMECl ZAoiA4 2 Hbsts BYEE et
Yool MFEER -18°Cola 90.4%, -25ColA 90.9%F 2] w]st o)
ol ¥ A% fRKtto] Polx ki 374YF -18°C2 74y 84.0%, -25CofA

84.2%5 ‘ietugic.

_. 951

S —b - 18°C

.*;: Te]" o0——0 -25°C

a

5]

o

o 85f

c

Re}

o)

£ 80+

@

o

; 1 1 1 1 1 1
fresh O i 2 3

Storage period { months)

Fig.5.Changes of water holding capacity in squid
during frozen storage.
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Law 5(1967)2 MEkre ER A BrwiliRiol Zol3ol utel Kol
B Ferohn EstA T, H(1969) 5 Horir Auielol A TRl ol 2t
< K#Eahol ARKET 5, N #BES Yosls 7AS fARMol =1 M
BRstol KEame A5t w2 ME2 @R A+ TRESel A Mol

FHetd o obgel EBrRiHHRIZE (RAMl Aol chstod M e MmESH
wi Hifidiol RHHfbslolzl® 2% (KMol EKFHuh $#EstAdnh, = =%
s (1977 = %&2] MEgol T8 Tl gUhire BRE ws|miy
sodium phosphate& *e|st! Xy @olet 2 FWustdct, wheby 2 Ay

o] 255 FERolk el KM K el 2> BRI A7rElof R},

5. Cooking losse] #(t
Cooking loss2| ®{kS Fig.60l viebulich. MMEH -18ColAd 49.5

65;
&H—a - |8°C
O—0-25°C
S
@ 55t
[72]
o
o
£
x
8 45¢
© T . . .
fresh O | 2 3

Storage period (months)

Fig.6.Changes of cooking loss of squid during frozen
storage.
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B 270 m -18°CAI R+ 60.4%, -25Cofi Al 57.6%%2 Ao ER7 ¢
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Male) HEEHE S cooking loss+ Hrwim Bl c1er> =i%hstz| ofz|ut ¥y
wiifdo] ol W% Mnsts Zd¥oldct #ES vl Ao mbetAd Xk
TWe HE o472 Feoz Azsjofxlct,

6. RAKEMMK ¥ Bitte) Bt

EFEHEE RO EaE @ AHMe ®ibe MTEs BEs
Table 1of vhebufict. Fr#st AW KHE 2t d+e @A 2%
off thetod M EEAEEEZL 18.2%, TFiInMMEEAETEL 78.6%, L
AT AMEAEEERZE 13X EEEABER7 1LY W& 25
A2t fB88,1983 5 HHE 5.1983)2hF A7F o] Wch GIHEEABE

B

Fx -18C, -25CoAM e Wk R & Brekilifkscr el ®ikot e
o RifEtt #1g(Fukuda 5-,1981), ®<r"del17)E(Shaban %.1985), 7| =
ZHER &,1987) 2] MEkEt 2] MW7t ddcks WEe) wisr vied
olch. FHINMMRAGEER FHHM> HFER T M lst= Aers
oA Pk 271 A -18CollM  74.1%, -25°ColA 76.0%28 1 & KHEH o)

P

2 @ibstod -18ColAM 69.9%8, -25CodA  71.2%3 vhebuidct.
Fukuda 5(1981)-> 7Rt &toda -20ColAte] BEFolM = Kralifdiol

AAHd % TiREERAE SHttol Rbstd ot MEgwol Breiia

BE W37 MminssERrE] B> WIHEo WES Hdskd BN
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RFF st= Hlo| zhgsictn stod MESH HEMB S48 WG u
ok el BEREYE Y RO REERl Mlbsts o
el TAMEARTERS M0sts AFE v KEEHRTE
B> RISt AR PAe JdAstsict,

ojz3t BR+ Vatabe 5(1983)2] Aboie] MEH W -20C Breksscl &
Rt —Hshgich

7. AP EREAB B

Axy FRGE WL Fig. 7o) vhetuldch, 2P FRAF> F
B B A5 9.84mg/gol P MME R -18°CollA 8.85me/g.-25Coll
Al 8.46mg/g2. 2 °oF7te] EHRE Mol glou HAMMoz MKW T

Ay FREMS A YHstch

a——-a - |8°C
o——0 -25°C

Extractive- N(mg/q)
©

A\
A\

1 1 1 1

frésh 0 | 2 3
Storage period ( months)

Fig.7.Changes of the amount of extractives-N in
squid during frozen storage.
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22 7ol W7t dE ez Mook ok BT K F(1984)°
sl Z270e] HEkrER -20C oM 370Y7kzl Ao AP FRAES WLt
ddchys #Eet F OS1987)2) G@ole| MKk -200HRANAM e
Bifaiceh A ~2 FEREE2 & 8ol Adcks #Eeh vl 58k Zlo g ANz}
®]od 7 ¢},

ShH R F(1987) > FlR7IS] WEErEIm B EHoN ot FEE(ko
A —10°CE Byt -2 20002 —40C 2 Kttt 7ol uistod Kpy'ge) @
tr. TR BB, S35 %ol S AsS HiEsI T A RN Fol atet
A cglardol 2)3t Aol L AAbgoll ot MY A kA slol WMk

ofojyAte] HE ERE 7ML 7 o2 Azteloj Aot it

8. WHEIM MM

1) 27dolel FHPS4A MRS

EREel GENERE FA BYEE Plate 120 ek, 2302 HHAH
B> U7z s 7t @St FAsle] do Koes el
¥ ETHE EAch

T 2 Mojo] FHKES MR (%K. 1978), L z7I(R £,1985) Sof 7zt
> ol 7he TREHE4-Tim) 2 A R Y MM RG] —Reted.
1983; ¥ 5 1976) £} wgrct,

utetA 2 Adole] o]t MK AT KEMEHoI Lol ST
Zhye Mo g AztElof 3ok,
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2) HEES Hile 84

HAHA S -18°C, -25TColAM MG B FHESY R FHhme 2
3t g Plate 2%} 7o},

MEEE HNABA S MEREA PAol FHMR E1HES
whel Gl cha-2) 22 KEdhol A=A Aol Xigsa &
dox Usto] HBAS THMIMIT o4 SHEE U= NS B £ Yot
HREmEEA 23 RIS L2l EHE 72 Aold 5 ddct.

-18°C Y -25°ColA 170 EEHER MEY ko) B By
# = Plate 32} o},

WEEE HRRAA YA KFH> Bkl Zoldol utet orxgsr
KEdus7ie] UAH ZA gD gl £ AGN ateb Kishol 7
oAl KHKE ®Mdstalon MEE®R YL HmKE7Iziel 2ol 8 st
ok, &,-18T ¥ -25C MEEWol M = 22 KE5dhel &7 doixi= w
ol K&dh> 24 =ldon MEEE ERE el Uk =3 By
o 37HEA7Ex] KFdRd R ¥olxitt o M+ ob3 agfch(Plate
4, Plate 5).

Heh(1965) = MM #ME P2l thick filament2] S247F oF 1/3% 4l
of 2} 3= ¥1/dof chstod MRS ARESON 28t M AZE BHIEH ol chet  4ymE
oA dolib: F oz & vl glon, K S(1984)2 | 274 MEE
Wb BN w5 S MMl AR KESdhol EREEHAMC B H(Le
Eol et KEdL7Ie] A A A D FAof WA i #asy
ct.
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& vetu D Aol el ool whel A7 @M Fol =R
Mt 4 R dole] HEL W B0 REEHER ERY 2 K&
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27 oo Hapeh MEMES +UlstzE YA, crel BREZ AASHE X

& -18C, -25C 2 370 -5oF MEHRsET A S (ko chstod Py,

L2, @M< Vol Whestd o  FRE gorstd ch2 7ok,

1.

2.

HEETR b pHY BrwiiS ol ZAISol 7o| W7t Q).
Rl g, RS % Cooking losst Brwififdiol Zdof ol =fa}
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Plate 1.Micrographs of muscle tissues of fresh squid.

No.l. Cross section of the inner part, X 100
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Plate 2.Histological changes of muscle tissues of squid in frozen
state immediately after freezing.
No.l.Cross section of muscle tissues at -18°C, X 100.

No.2.Crst section of muscle tissues at —ZSCC, X 100.




Plate 3.Histological changes of muscle tissues of squid after one
month frozen storage.

No.l.Cross section of muscle tissues at —18°C, X 100.

No.2.Cross section of muscle tissues at —25%3, X 100.




Plate 4.Histological changes of muscle tissues of squid after
two months frozen storage.

No.l.Cross section of muscle tissues frozen at —18°C, X 100.

No.2.Cross section of muscle tissues frozen at —250C, X 100.




Plate 5.Histological changes of muscle tissues of squid after
three months frozen storage.

No.l.Cross section of muscle tissues frozen at -18°C, X 100.

No.2.CroSs section of muscle tissues frozen at -ZSOC, X 100.




Plate 6.Histological changes of muscle tissues of squid in thawed
state immediately after freezing.
No.1l.Cross section of muscle tissues frozen at -18%C, X 100.

No.2.Cross section of muscle tissues frozen at —25°C, X 100.




Plate 7.Histological changes of muscle tissues of squid in thawed

state after onemonth frozen storage.

No.1l.Cross section of muscle tissue frozen at —18cb, X 100.

No.2.Cross section of muscle tissue frozen at —25°C, X 100.
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Plate 8.Histological changes of muscle tissues of squid in thaved
state after two months frozen storage.
No.l.Cross section of muscle tissues frozen at -18%, X 100.

No.2.Cros section of muscle tissues frozen at —250C, X 100.




Plate 9.Histological changes of muscle tissues of squid in thawed
state after three months frozen storage.
No.1l.Cross section of muscle tissues frozen at -18%, x 100.

No.2.Cross section of muscle tissues frozen at —25ct, X 100.
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