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~ Sumsary

To investigate the physical, chemical, and histological quality changes
during frozen storage, top shell, Omphalius pfeifferi capentri, was stored
under the temperatures of -18°C, -25°C, and -30°C immediately after shelling.

The results are as follows:

1. Generally, pH was increased but a little change was observed at -30°C.

Amount of free drip was increased with higher frozen temperature and longer
frozen storage period.

2. Water holding capacity was almost as constant at -30°C as immediately
after frozen, but the longer storage period goes the lower water holding capa-
city was observed.

3. The extractibility and composition of muscle protein, sarcoplasmic pro-
tein and stroma protein were rather stable regardless of frozen temperature and
frozen storage period however, extractibility of myofibrillar protein was de-
creased with higher frozen temperature and longer frozen storage period.

4. On the changes of muscle tissue structure, following points were obser-
ved.

1)In the muscle tissue structure of fresh sample, fine muscle fiber was
closely distributed all over the tissue regardless of cross and longitudinal
section.

2)Immediately after freezing, tiny ice crystals were in extracellular part
regardless of different frozen temperature, these were restored satisfactorily

into the muscle tissue after thawed.



3)In tissue structure under frozen state, it was observed that ice crystals
apparently grew with the higher storage temperature. Elpiy spaces between mus-
cle bundles which were formed by aggregation of muscle fiber were observed
after 3 months storage at -18°C.

4)Tissue structure in thawed state was restored satisfactorily after 1 month
storage regardless of storage temperature. After 3 months storage at -30°C,
muscle tissue was well restored, but at -18°C, empty spaces were appeared due

to imperfected restoration.
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wbchurA) 7%, Ophalius pfeifferi capentri,& FMWAME 4L5eletrs Eelew
1004 EES W4 AEE AWt Relet ¥=3 grh
EEM, SIERol 43hE LUe MEE Y29 Kigel ¥ BMIAA ] 4] 8}

Atz 2Ae f2%es BEE BWelD, YAEVL FA23 FRs M
nal AR Mo] gem £7e WL FMeI Hyolw PR tha XL
olch (0, 1877).

v ol wlslM w2 A 22 U kol MMty A& whdHIEN W1
e @EmETA o5 A7 P ¥ ASgste] Ywrez Agxe fed AN
o gt The AU gk, E 2 2ol EA4E 220M/T 3 69M/To) AF2E
RhE) of (AN, 1987) HEmEe] FifmAdAS 7lost gk, 2y oY
MAKC AR B KIEske A A0 U3, A e ARl e
293 %E¥EE acBksd AP WKl dejurl {7 W, oY &
REEE WHsty) Slsted KB 9 oEERriliziol del ol &= ol aEkER
Mt Ae o dolut: ARFES U 7tz BE, BHQ Vs +V3%
7 Zol @R FAYo HYIE ¥ri. =% MEkEEE EEYSS KW ML

£%32% 29 4 U7 WEA Mg U wEEe BEEHAR T g2t Ay
Hotwola & wl Yoy oz 4l AV de=E 7 K@tpoldal HAY ™
AR S RN S A Y WHE #fslr] st TR BN D
Bx 2 dv APolti( et Kds, 1984, 1985, 1986).

WA (1953) & WA DHAMGERE D RHEES) GPERRbe) HRAM DAMeE
7122 AHMARY] BLE TAY EBHO KRBT ER] e Wl
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ofep o Al Ystdn, HEd(1958) = 2 olet Eol v o Dkl wEE —
esEs BRI E N HAMLE Y ERRHE A3, ik M
(1961) = A2t WM MiEel Ahol mh® kel MBS wiow, Tanikawa
o} Yamashita(1961)% ¥ %o fipSAsko] —M&SRS} th=vha 2 23tgict.

Love 9} Haroldson(1961)& ©thol Wskikch FHMERIS RARAM HHET Rl
AE @A Kol A7Ivi Fhol el Hoh stk =X EHEAA A
s 2o gl MEY ALt kil EaRel Bitol 11, WS EESE W=
2 vaof upzt EEME LA UEhl: REE £/ o2 e, HT(1962)
L oM mAe Mostgle W =Y R B U aRRts 2AE
whe) 7, Ech (1965, 1969) = WElGEA& otEEsHA XY myofilament?} MMA X2
ol= EMESt? spongefb’t Tth sted of spongefbd BALSHT] HAME el
Bel AL BTHA, SEdEC) MEBEM Hikolzte A& wAth 2o FEREiE
Si3) gl whel KSR Amol ZRVE dow, GeEms R Z2AAME K
SWEe) 2 e 5T MY ol Aol FH2 4% s} et (B, 1969) .

(1973, 1978)2 H%.& msHol u S AR WL ER Uon — R
U disol 2% Rl Mo, mMbEE sehsh ¢l RREES — AR
oo wel ew T AR ATk st

Bello = (1981)& 2ol 3 HEtTste] FMLol BisRaeel o HM - 314
HE £R SNSRI 25 st ZERl Mt Xisdu o
os) MGEMET ENE D BRo BB E Vol ddRon, SR R
EEAA KR Tol Ao BiRMEY A2 MMnstd A kigdhol HA
A7) Dot AshA ER, ¥t @Estden, X Bello =(1982) 2
mpEe AMUAo] ol SMMEESHT MO RMME WEE HEUEX Y7
ek shArt.



Seu Ae7x s Ad 2ES) gl dohvt: &Nk TY BRT
se gt AMOET ARKS ule WEe: VoAME sth¥HIFAME BR
BT W2 Y Eillel s VA 80% YEE AAS: JdE AR X FA
RESo) MAEA e A K, FEE AT ol WRR W Y RES
R e B e wEAY R ohzix 2t

A WP dlthd A 2 E0) HEMY KB HAY Vg 2t BBt ARE
AT % 9dole] =712 blockd o2 stef -18°C, -25°C, -30°CAAM Mot A
MEEEEE ol wE ERMIRNZ ) pH, HRE= A, Bk# Y BAXaRS @M St
o Bk el s U Mool 2 DEEMMES WS tax Mssch
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1. ##

1988% 24 6 A2 SE  sldvtolAM Y I wirr$A 2-F, Onphalius
pfeifferi capentri (3% 11 g , FHH® 2.5cn, PHHR Scn), & ERAREA
A BB 9 ARS Aistd MEAT S B KWl &35ttt

2. R 32 M

1) #E
B = polyethylene ZuviL] (57 0.05mm)o) Joix HEHBMAA -18°C,
-25°C, -30°CE 3A¥ T ok shaict.
2) R
et LB 2 - 3°C ® wWtz] 5°Col LMo B ZTEMRM(3-6241T)
shoich.

3. XM

1)pH
pHE W#SIRARS) BAHPA-2 MUY ¥ SdulodM MREst: IR FR58 7t
stol HRA17 ¥ pH meter (CORNING M120)& Ab&3to FMgEstict.
)R =1



of 2g°) WSS oA E 7 HE YA Y2 5°C HiElm M A
o BLEANEY & MG &0 KR HERA oY SRR Jerdsich

3) GRK
M (1969)2) Hko % A=Ak MERS RHME M No.22 ETX
A HERENES o) &3t 10kg/cn? °F 2¥T MEYT ¥ MEMMERSEA 2
a1 A RS MESHY BHAY Kool Ay X vrehdsich

HEBARE W 3 =R
EAS WK (1960)2) Hiks WAL HSRE1978)8) Hikol whiltt. 5 @YY
# 2g& 10ml Q4G 3 A(1;0.05, pH;7.5) 3 ¥ homogenizer (Ultra turrax
TP18/10S1, KARL KOLB)Z 2%7' #R{bst> 6,000rpmcd 3027 E.LrMEsHA &
o7 Az Aze] FREY KENEABERT stoict. itk FE@EA MAM(10m]
KClphosphate buffer pH7.5)& Yol HR{Lstd Poi? g5 Azl ErEkd TR
HEFOBIRT 3t Dated 01N MY ATHE AR Vst g @A A
ol MLARETA Dol A5 AFe) FRE FUA ol F dWANSURAMER
3 stgch. Uzel HMES) TAZY ERE WYt ol EREAMERE 33
th. gjol HhHie T WxFe] RE 2L 5°C olstolM *WsiAom M2 B
& v|PALY L2 Yt
5) MM MA o MF
W WA (1973, 1976, 1978, 1982)8] Hko X cth& 7ol st KM
A mEe Tedt.
(1) &z
RN 8 1od2 ¥3os el 10% formaline® oM 1247 1§
Estgct. MEERH = MR (¥, 1980) o 2l3tof -18°C, -25°C Y -30°CR &



1% formalin-alcohol ML X 1o WAL WM 297 EESHATH. Mk
o] H#ete M 2T HEo X E@Estdct.
(2) 3= B8
EEel ¢ BHANE HKAM 1-2497 A2 o 10% qnY (1% HEs &

m) BRAA YoM 3T°CAM  1-29U7 #BAT the, 30% etV (1% #HE K
BEA 7 1-297 @Ak, 2 kg 5°C WMo Azt ¢ &EAM Y XM
blockg U< # 10% formalin Sl 197 Yol Aet® & B{EAl ZAcl.
(3)EEmE D 2] WfE

Cryostat microtome(0TF/CS, BRIGHT instruments Co.) 2% 10-25) 2] HEREY)
TEAt.
(4) e

GG & 2% eosing@ME o Weasto] apathy gum syrup® 2 H Ao
Bm# st At

3

alo
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1. pH2] ¥L

FRRGE 2 aE® MEEE 3AYT e 2R pH B{EF Fig. 19
vhebul el REBEE FEKEA ML RHP pEt 6.78011 00, WEERE A whe}
222 Mol doidol utet b MMt WAL Roll Yom, -18°C WS
ol Mt il 171492 7.157t2]  MnstAciot Wbk giem 3AUMAL 7.01
7t2] @epstoieh. =¥, -25°Cet -30°C Mgk« Il 219 7h=] 47 M
B Xol -25°C 3MY Wil 7.2323 S MAmE 2den, -30C & 37
4 #ols 7.003 MAistolct. Z HEEENZ pH WEE w23t 4 HEERE U
RN PAHo T 6.75 - T.28 22 % h#to] E2x|F Hxst dow, -18°C
o} -25°C ol Rtk -30°C ol - W{keol sH A drt. -‘%lﬂ KIS ~F 8
£ K 5(1987)2 71z72) misir % Granelle 3} Josepson(1982) 2] 7hzlw| ol o
ghrlhol pic 712 Ptz gArty st R Bl & = Ao, R F
(1985, 1987)2] 2 Ex7Irt 7]z 2] oSS pH ME@ERCHE ¥ e vE
ui it

Z. M= Uke Bt

A= UM BMEE Fig.2ol LrEhugch MRS RS WESEEAS WASEREO
PAR] 6-THZA B2 A2} -18°C, -25°C2) WEEEANE 2AYMLE B
stol 3ARM 10.5%71x] WA T, -30°C MEHBAME  BRIAYZA W
£ oshgout 2 Mkt olx gdgth Mh(1965)% 5o EAEOIM W 2 KR
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Fig.2. Changes of the amount of free drip released from

top shell when thawed after frozen storage.
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gAfo]l a4 % KisHel REA 2sto Gkel ¥, BKEol dovi 2 &5
B WMoy 3e =3o] $EEY HMKRE Btel FESIMA H AY Fee &2
237k ol et Mgt Ach wehdH 2 Eo) @M= URY FREEA ot 2
2) 2 iMool Aoldol utet §&Y2 ol Rojl don, (R F, 1984)
ob 2 ¥27) (R 5, 1985)2) @AE= UMECHE M2l T WESEMTT 3 kel
Mol 23 BB Y4s% Mossol =Udkol Mm At KM} vz FFE Ve
vhalct.

3. k¥ Bt

RAHe WERKRE Fig. 33 Arh. Gkitel WMes #EEERMNC JAAd+%

g 70¢
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S 60+
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Fig.3. Changes of water holding capacity in top shell

during frozen storage.



#oyste SR E Ve e, i 3714 ¥4 E?Xfi%.-lwc—‘e 49%, -25°Ct
57%, -30°Ct 64% M KrREE7T 5% RAME ET7H YAstdct. -30°Co
A4t 2 AR Tt 47 ®AstA o) aesdE ke 712 ®ETH At

2z et 2E e A EEMCE T0% A0 iSEK 6% T Woxl=
e LAcd RRERS AHE 4 ®EsHD Mt FFA49 MrEEBRR
& A weepingol REE AR WEo] ot A AW, RIS weepingP 4}
T BH(R, 1973) oM 13%7F S g #@EDT Aol Urt.

H(1969) & S ®ATeNAN dERME 5. GMRA BEY Kkl
B ERE T Fol Miastadl LK kiERE P40t 2 BEY M&GAMRT)
BRoktte] rt stgom, =3 MM Rkt AN st E BB
Mol RAMELD+% RKtte]l ETHEZ Hore RES] P HE2zM RN
b2 ZAHE A3stodct. A WA (1969) = BEFElAM RAe] €T EE
R atitte] ETete] 2AdE H8e HMttel A&2 @EsAT, K $(1985,
1987) 5 222718 71 2700 oGk oS IREECH =2 JERIC] WPl o
et Rl ETF Vo MEs Y srpd 152 FeAME —t MR &
BN S Rokite KT A2 BRT AP

4. XENER % Bt B

MR HHE EaRO Ak mHEe 8E AEY ERE Figd -7 o
Table 1 of ‘ietulgict. FHMYT RHE EAR 2 Y20 HR ABHEL BEBR
ROBRERTT 2R 6%, HRABEROBRITE 30%, L TEHEOEERTL
8%, EREOQBERT 6% 2 —MAIR] FoMkAs @Kol Y3lct(Hashisoto 5,
1979; Watabe 5,1983). B RELKER L -25°C, -30°ColA o MK 2 il

- 12 -
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Fig.1. Changes of the amount of sarcoplasmic protein

in top shell during frozen storage.
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Fig.5. Changes of the amount of myofibrillar protein
in top shell during frozen storage.
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Alkali soluble protein N (mag4)

A—4 - (|8°C
- o—=e-25°C
—=8&-30°C
L
1 1 1 i 1
fresh @) | 2 3

Storage period (months)

Fig.6. Chauges of the amcont of alkali solubre orotein

Stroma protein N(mg/Qg)

iri top shell duriug frezen storage.
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Fig.7. Changes of the amount of stroma protein 1u top

shell during frezen storage.
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Table 1. Variation of protein composition in top shell during frozen sto-

rage
(mg N/g muscle)
Protein Nitrogen
Sample

Sarcoplasmic Myofibrillar Alkali soluble Stroma
Fresti 7.0(36)* 5.8(30) 5.4(28) 1.4(6)
% month 6.8(35) 5.9(21) 5.2(27) 1.3(%)
-30°C §.7(35) 6.0(31) 5.3(27) 1. 4H7)
1 month -25°C 6.7(33) 5.8{31) 5.14(27) 1.4(7)
-18°C 6.6(35) 6.0(32) 5.0(26) 1.4(7)
-30°C 6.8{(35} 5.7(30) 5.3(28) 1.4(7)
2 months -25°C 6.6(35) 5.6(30) 5.3(28) 1.5(7)
-18°C 6.4(34) 5.4(29) 5.7(30) 1.4(7)
-30°C 6.4(34) 5.3(28) 6.0(31) 1.4(7)
3 months -25°C 6.0(34) 4.9(27) 5.7(32) 1.3(7)
-18°C 5.9(30) 4.1(23) 6.4(36) 1.4(8)

* Numbers in parenthesis represent percentage for total nitrogen



JAR-S O 18] kot Qllen, -18°C WSk 37N B Ao 4T M st glth(Fig. 4).
ol 3¢ FWt&sA (Fukuda 5, 1981), ¥ 4ed”)E (Shaban 5, 1985), 0% (Sha-
ban 5, 1987), 71 Z7A(K &, 1987)2 kPl BHREAR Bt 72
|7t AUk WA v X3 Aol drt. HEMEEOEIRS Ale -25°C,
-30°C Bk 37U mol ZEXY 27-28% 8 GEIVIEIZ AN ST LR A2,
-18°C oAM= 1IAGF L TF 2 Mboto] Ko 23% 3 A o2 ik
EBEAM R e BHEE-S celui et (Fig. 5). 22l WHEENI 25 GRR
HEOEIRE Kt Ud dANTARRAGERES At 3Ye 24
tH(Fig.6). olai¥ R K 5198798 71279 Misk#3 -20°Ce -10°C ik
Rrol &SR dx)stgdct. Fukuda 5(1981)2 GEAEvE@mEAAA -20°C olA 2] WA AN
< il 2l +%F DFEBHEEARS @mHttel ®stAdoud wgkA I
WEES Y37 DEBHEEORS 842 AN AR ¢ A RIERTF 7t
S5t MRS s HRERECT Y2 Fol WU ZAYolet #WEshA
Hst HREES] F8A4E AATY ¢ Uk Y EAREAQEEIREL Fig. 7940 8
Zol FrliMN5 Y MEREAN TAQlol dHst ATt

5. HiERmE&

utehgd Y 252 TP i

FEM EERE 22U ER: plate 13 Pk, vy FY FAYE O
T DA W) Gl of el bRt A48 BEstoAM Y vteA
Hrl, PR M AT Foxed BEAMLE il ol GilmEsr 2
T HEtd IF BRSS RS Gl 80 T2 720 KEEMSE Ho 9

td(No.1, 3) ol& K(1978)°] X Xgifol U¥ & Ux st Ho|gYrt. I%

- 16 -



GHAAM S MM NES) TS 4 AT S M. MRS W&
 ERE Wl 29 wxstgdrt. F, whgMEe GiREs 2 (ESF,
1958), AzH(%#kst Mch, 1961) 58 MM vl sty B (K, 1978), w2 A(RK
X, 1984), 2¥A7) (R £,1985) 500 ©S 724 ofF bt Ui (2-3V)7t zig
zag: @EsHA wigdEol AT SEEARC] W2 ol ¥ onstE WA KH
o} AfR(1968) = M AFEAS #fiol uhel FetPAdod ZRUH o SR AFE
HARE dhhsec Y Torste] AEYITE oYk Mg, stehdH T
AM s ZetA U gyt BESIA LT, £63 #17ots N5 BH UHA
fagol A ST oVMET B Tt g P R0 F PAH P

2) sk E R Bt

REAS -18°C, -25°C, -30°ColM oSS H#& ¥ RS spales LAY
#ELE plate 2 9o Ul MSEHS HAERKAS MEEEEA 2 AUl Tk
#5HEE whet 25 faiesol S| %L Kigdhol Emx o vt te 913
Ze 2og sl Yddtdl, DT AEY 2L 94 B Kol Wol B4
slgen] Fhmge]l @BEECL 3 2 vy 2 KEdhol A A= Act. B
ol kEEdnel WAL R Vste] MHMARY BB tha FTHMAE A & 5
Adgiont MEEEEEA oY HMMELES ER:= 8 Aok & & Aottt -18°C
oM 1714 mskrEig SR REY DAame AT KR rplate 39 No.d
3} No.29} ZUrh. SEE® @RS 2P KRS iRl Aol ute <!
AT kEERE7C A 2A HUdr Tl EiTHEA et KiSdkol A4
Kipke B e, sEERLc DimME7IeIel 4ol YAyt F, -18
C WiSHEEAMNT T2 KR KO YAt Kuod X&dhd 2A ®Hout
-18°C 37 AN L Kl 19R AP AY KKk oS MMM
AMe KHEROZ HolZcH(plate 4, No. 1, 2). -25°C WESHBAME Kk 1A

- 17 -



W (plate 3, No.3,4)Miol MEE# S ERE vebd D Aow il 371U (plate 4,
No. 3,4)ol XkiERol HED 2& ¥ & AJAAT, -18°C WlAMS FE AH
Kig e rehubal  epgch. -30°C mMgkEAAM Y 1AE7Ex] BW{EYH dglew
(plate 3, No. 5,6) Rk 37AURIOl KMo BRL 2olAT 2 FEE ofF %
th(plate 4, No. 5,6). Love(1958 a, b): sSRriEkol 2% ol TS HER{b
o3 HeolM mgkrike BRSNS KERERES GER mlA OY ESERS
Al o BES KRS 2Y94% 223 FRlRe Aol RY+F KA
of 2|3 MG HEol Eriy #Eston, MEF(1973)E GEMS] ERA
atel AERREE KRS 2719 (il 2RO Aok @Sk Ak, R F(1984)2
X 270 gkl EREEYT 2¢4% @S ARY kkdol iR R
el tigol RED K7zl $HA- 2= SAd AANYCD #ERow,
M (1965) = MHIRS PSS BREEES Rl thick filament®) SAZL o 1/3% BR
Eojz] 3ato} tistd EEAMEEA AP BACH RUERA whel MR A
dojib: Zeog #FET b At F, st 2 ES] WEERAKS EMAME vhY
b2l 3 AEEEERCH: KBS MM ZEo ohel KA BRI BERS
EBmo] Yot e A7y I},

Motk o] MR B{L

BEE -18°C, -25°C, 30°ColM MASHlE MY RS M-S plate 5ot e,
WESEE MAT BEo MM MR KIS BEA ot AT Akt
o @ol ol 7 WuSEmEAAM 7o) ¥ae KT YxskA WA AA
th. Plate 62 1709 mRSKFMER MY RS M JEhdD Qed HREES
Zo osto] WY HMMELS) ERE M FobE &+ ATt F, -18°C
oM 17147 MEREESHAT R Mool Ef(No.1,2)2 ANY W AEY
M7t S Eold KR AR Kisdiel AT At Motk Aol TEF

- 18 -



Ga% Aol tg Wolal: WhMol AUT R e st A2t -25°CNe.
3.4)8} -30°C(No.5,6) 1719 ORESHEE MuERAME ANAMXY  GBKTT
@@t A TR ol TP WTKKES bl M50 BER(CK, 1982) 8t 8] % 3} At}
Plate 72 37AY WUEHBE MY R HMETA -30°CoAM IAY Ak
Botde sEel Mool EM(No.5, 6)& thE KkEm visted ¥y Withel
Jrstg ot KMl RolWol utet MoEFol 7o) Wi F& Roll Art.
3 _18°Col AN MEERRY BB (No.1, 2)dM -t oSk sl BAE AT
A0 kiSHol MMaAs MTLHA %37 HELE Job MG~ AstA BUS
T M7 ] EMAMYE A5 Rol gom, -25CoAM 3AY stk A (No.
3, 0)AM = -18°CoAM Y BRBRthE BTl FXAT F4) Yl F& 2ol
o Gl AT BhOMol AAY A& et dch. FEIL(1962) € 1501E MoK
ge ol =3° e AN vty RARS BN =39 K- S HR
ME7L oot st D, EF(1976) £ Mmpgol MO Mige EHo| ot 2FA
37} dojub: e BEERASS KFol KiSHTHE T 440l kMK 3
BES MY EES slolzn, EMAES Kok @Y @A B0 KEot
52 AR 2o He BAES BITRRS dov Bis, 2 Mol HS
AP+ % BANE Woix thrl WLE A Estr) wWEolet: shgict. T K19
78)& -20°Cold 3714 WEEP % ZEHEMEY 5 GRAA g AT KiGdkA
ols) HMAIE YT ZIEMol SREL T Yol gl Hel Wals KARE EotL
o paEMEe TmAE o HEEMRRY KRS e vEide FHel Wl
o= M KEESA olste] YHED vl ElH A& MR
wel mpaxe Ao E 5 YArh st

2ol 3 Bs] 4 A
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PLATE 1.
No.1.
No.2.
No. 3.

No.d.

Micrographs of muscle tissues of fresh top shell.
Longitudinal section of the epidermal part, X100.
Cross section of the inner part, X100.
Lengitudinal section of the inner part, X100.

Cross section of the central part, X100.
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PLATE 2. Histological changes of muscle tissues of top shell in frozen
state immediately after freezing.
No.1, 2. Longitudinal secticn of muscle tissues frozen at -18°C, ¥100.
No.3, 4. Longitudinal section of muscle tissues frozen at -25°C, X100.

No.5, 6. Longitudinal section of muscle tissues frozen at -30°C, X100.
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PLATE 2




PLATE 3. Histological changes of muscle tissues of top shell after one mon-
th frozen storage.
No.l, 2. Longitudinal section of muscle tissues frozen at -18°C, X100.
No.3, 4. Cross section of muscle tissues frozen at -25°C, X100.

No.5, 6. Longitudinal section of muscle tissues frozen at -30°C, X100.
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PLATE 4. Histological changes of muscle tissues of top shell after three
months storage.
V0.1, 2. Cross section of muscle tissues frozen at -18°C, X100.
v0.3, 4. Longitudinal section of muscle tissues frozen at -25°C, X100.

No.D, 6. Crosse section of muscle tissues frozen at -30°C, 1100.
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PLATE 4
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PLATE 5. Histological changes of muscle tissues of top shell in thawed
state immediately-after freezing.
No.l. Longitudinal section of muscle tissue frozen at -18°C, X100.
No.Z. Cross section of muscle tissue frozen at -18°C, X100.
No.3. Longitudinal section of muscle tissue frozen at -25°C, X100.

No.4, 5. Longitudinal section of muscle tissues frozen at -30°C, X100.
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PLATE

No.l.
No.
No.

No.

No.

. Bistological changes of muscle

state after one month storage.

Longitudinal section of muscle

. Cross section of muscle tissue
. Longitudinal section of muscle

. Cross section of muscle tissue
. Longitudinal section of muscle

. Cross section of muscle tissue
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tissues of top shell in thawed

tissue
frozen
tissue
frozen
tissue

frozen

frozen at
at -18°C,
frozen at
at -25°C,
frozen at

at -30°C,

-18°C, X100.
X100.
-25°C, X100.
X100.

-30°C, X100.

X100.



PLATE 6

-39-



PLATE 7. Histological changes of muscle tissues of top shell in thawed
state after three months frozen storage.
No.l. Longitudinal section of muscle tissue frozen at -18°C, X100.
No.2. Cross section of muscle tissue frozen at -18°C, X100.
N0.3, 4. Cross section of muscle tissues frozen at -25°C, X100.

No.5, 8. Longitudinai section of muscle tissues frozen at -30°C, X100.
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-4] —



	표제면
	Summary
	I. 서론
	II. 재료 및 방법
	III. 결과 및 고찰
	요약
	참고문헌

