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121 a4z K S AR ES T,
BERLA R 3 20, BT s, o0 BiEE F-20C
—=30°CHI-50°C 4 F T IE 78, &g 15 d 17—
T

JirOARk B4 fiff o SR T AR i R 1 7 2 YR TRAR 5 T 2
K (29 18°CHfft R 15 min Ji7, k2 EME, &,
122 BEBEWFLE %% Vaz-Pires %5(2008) )5 51T
Hr, B4 A 5 cmx5 cmx0.5 cm I, 4K
PR 1 PRUE, 28 10 2 Ll R E DT D16 2
AR . B, B — AT E 4 . 38 AL
SR T, BOEALE N 0.4, 0.4, 0.3, TN
BOE344%, w6404 30 43, 18 S0 LA b A i 14,
10 53 LA T A JEMOR AT 4237
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Tab.1 Sensory evaluation of squid (full score 30)
i Index B S
Sensory evaluation Score
A Smell BE T IR 8-10
WU I, AT R R 4-7
JE DG JER SR R 0-3
@ Color  fRFEIEH , iR 135 W 8-10
KRG IR, AR
SR
IRF IR, A
AEY
JiHs Texture —IRSTAG 8-10
PR i, 4R TR R R S 4-7
AR, JLF- 3 st 0-3
123  #E A M &K £ (TVB-N) & 2l & R

GB/T5009.44-2003¢ P35 A il &b LA AR UEST BT 715 ),
R A BRI E

124 WURAHF G HRIRAE A Fdn 2 HER
FRHL 5.00 g #& SIHAE M, A 0.1 mol/L KCI-20 mmol/L
Tris-HC1 ZZ 03 50 ml, IR 1 min, 4°CA&MA4TF
8000 r/min #5.0> S min, F FiEWK, EREEAE3 K. DIE
HIA 0.5 mol/L KC1-20 mmol/L Tris-HCl 2% 1" 50 ml,
1242 1 h, 8000 r/min 25.0> 10 min, HC IR EN A LSLT4E
AR, FSERNREIE 5 5

1.25 Ca’’-ATPase &M &9 & 2 M7 R 5%
(1993) 771k, FHTEIEN. 7EE0E 43 A 0.5 mol/L

1) AR IRI5T R4S D8 S AR RO B £ Bt JBOR W B T

Tris-Maleate 5 ml, 0.1 mol/L CaCl, 0.5 ml, 2 mol/L KCI
225 ml, WUREF4EEE I 1 ml, IR A 5645, LA ATP
TR 2 min, fJEIIA 15% =S LFR(TCA)A 1L
SR . 6000 r/min B0 10 min J5, BCEVER 1 ml, fin
A 2.5ml H,0. 1 ml 2.5%8RER4H R . 0.5 ml Elon 7,
FTRE, WIRHCE 45 min, 7F 640 nm b, =%
FZLR A ATP ZHISEMA TCA, DIBERR — A4
W Z 5 Mk BE (0.0-1.0 mmol/L) il % AR et 28, 5
Ca’"-ATPase i 118 .
126 EH#mA LT E HR4E Benjakul 45
(2003) 1) 75 15 6 2.0 mI WL 2T 4 85 3N A 8.0 ml
8.0 mol/L JRE , SR A - B 3.0 ml IEAWR T,
JIA 0.02 ml DTNB &, 185, i 15 min, 412 nm L&
i, LIRINA DINB MIRAWCNZS A4, e T
TSI B i
c AL
¢ G

K, Co MTEHEHIIE & H (mol/g), AN 412 nm
AR, kT 24X 13600(mol-cm/L), D H
R R, C WU ZF 4k 3K 14 7 5 (mg/ml).
1.2.7 B§ B &AL (TBARS) # @l & % M Paola
(2014) 77 1% , FREL 10.00 g BF2) Ja ROARE S, A 50 ml
5% TCA ¥ o &% 2 min J5##E 10 min, 8000 r/min
0> 10 min, _FIFWGEIE . VERGE BEA RS , S ml T 25 ml
HIEREH, A 5 ml 0.02 mol/L TBA ¥, 95°C
JKUE 45 min Ji5 , 1,532 nm I EWOLEEE LA 1,1,3,3—
VU 2 AL N e (TEP) M bR e W 22 AR e i £, IR0
TBARS 1.
1.2.8 AUR LR L H i B A Ak AR 2 R
PIA 5 mmx5 mmx1.5 mm A9, BUA 10%) B
WA E 12-24 h, JiK vk 4—6 h, FIHBEREE 735
H 70%(2 h). 80%(2 h). 90%(2 h). 95%(1.5 h)Fll
100%(1.5 h) 8 £ BEFE WA T IBK AL BE , PR — H R %
VAR i WAL (30 min), 5 A EE, V)AL
VIBUEEE R 5 pm PR, Geta )5 ) s T uige
(A4, 2013)",
12,9 #HEALHE K SPSS 11.0 XF LB K G uEA 7
Seitordr, SERUSFEbREZE R, ARsHrR A
t K8, WEMEFUELL P<0.01 AW RE, P<0.05 M
E

AE R BT OR 2 WL WP A 2 018 3, 2013, 1718
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Fig.1 Changes in the sensory scores of squid at different
storage temperatures
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22 WBEWEHTEHS TVB-NESETHK

TVB-N 2 7K 57 i B 1R i) o 5 132 1 o
febr. Bl 0209 TVB-N {H—/B7E 5-20 mg/ 100 g
Z[8), VRIS i Pl 4252 i FRA 30-35 mg/100 g
(Ozogul et al, 2007), HiE GB 2733-2005 (& . ZEzh¥
PEA i BAARUE) , k22K TVB-N<30 mg/100 g 24
B
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B R A 4 (2013) I WF X 45 SR B AR — B, 48 5 WY
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W TVB-N {H¥ 2 F TR (&l 2). PR 30 KT,
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—20°C 4 AR L I 1Y TVB-N {H M5 30 K IF A b
AR 1MT—-30°CLHAI-50°C 1A TVB-N {E I ES 60 K
TTUEHH IR 55 45 KT, 3 422 1) 22 5 13 (P<0.05),
AR 90 K, —20°C. —30°C. —50°C 3 ZHXf N
(9 TVB-N {54354 18.28 mg/100 g 14.93 mg/100 g FlI
13.97 mg/100 g, /T 30 mg/100 g, £54 B R hrife .,
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Fig.2 Changes in the TVB-N values of squid
at different storage temperatures
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loor Ca®"-ATPase i Pk F W3 £ AL, —20C4l. —30°C
Tg 90.0 |- ZH FI1—-50°C 24 /iy Hr 8 £,/ 0.74 umol/mg-min 4351 F

ﬂm% %] 0.47 pmol/mg-min. 0.50 pmol/mg-min. 0.46

&2 s0f pmol/mg min, FEIE 431k 36.48%. 32.43%. 37.84%,
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Fig.3 Changes in the myofibrillar protein content of
squid at different storage temperatures
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1 82.44 mg/g, 3 2HZ[AIAFTE i35 2 5 (P<0.05).

24 HEMESRHEITRED Ca®-ATPase iF M T/

KPS LK 1 SR B B ATPase 6%, 1M
Ca™ T LI it 1 1 (5 el 1 452, 201 1) R P ALK 2
F kA G ke A= e Ak, B 1 340 22 TR AH B i
Hoos g5 EBHES], # AT Ca®-ATPase i,
Eymard 45 (2009)AF58 % B, B A Ui = A 1 3 4
e 5EARAA RN, FEEEAAZE, Al
Ca**-ATPase L% . I, HEGIFEH, Ca®’-ATPase
TG PR ] DURAE WU LT 4E 25 1 00 58 B MRS PR S

HPE 4 F0, ZEVRRN] 90 d 1, 3 MRS TR,
o 5 LR AT 4 5 11 Ca® -ATPase T MEANHT R, X
55 Benjakul 45(1997) A 5T 45 5250 VRAECHT 15 d Y,

—
o
1

—A— -20C

o
)
|

o
=N
I

o
ES
I

Ca>-ATPase i t%
Ca*-ATPase activity/(umol-mg!-min')
S
T

o
o

0 15 30 45 60 75 90
T3] Storage time /d
Kl 4 M REGL AR Ca® -ATPase Tif MY 25 1L
Fig.4 Changes in the Ca®"-ATPase activity of squid
at different storage temperatures
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H U458 v i B R T B o g R R Ak
SRR PR AR i % N K=K S AN R TEE S fa = 2 i Y
A P N H B #EEAEFH (Wedemeyer et al, 2000).
A 3 0 T R AR e, AT DA AR I B R P R 4
A, INEL 5 FTLUE Y, 58 15 K, 3 Ml
FELH IS S B SO ARk . PRECES 30 KA, fififa
TE—30C F1-50°C '~ A9 15 P i B % i th Wl Y 5.56x
107 mol/g 43 N3] 5.61x10~° mol/g. 5.85x10™> mol/g,
AT RESEAEAECII , S I A UL EE 2 e 1 2 1 5T A5 )
S5k, BRGELRY SR AR R R P B o PSS, TSRS
G ERE TR, W 60 KITMh, 3 MNRELAIE
PRSP 2 22 5 (P<0.05) . IR 90 KA,
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Fig.5 Effects of different frozen temperatures on the
sulthydryl content
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g i 4 A R DB o e o A v A 7 i A B
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Fig.7 Effects of different frozen temperatures on the structure of muscle tissues

YRR FIA ) Storage temperature and time: 1. —20°C, 0 d; 2. =20°C, 30 d; 3. -20°C, 60 d; 4. -20°C, 90 d; 5. -30°C, 0 d;
6. -30°C, 30d;7.-30°C, 60d;8.-30C, 90d;9.-50°C, 0d; 10. -50°C, 30d; 11.-50°C, 60 d; 12. -50°C, 90 d
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Qualitative Changes of Squid (Loligo japonica) Under Different
Frozen Storage Temperatures

CAO Rong', WANG Fengyu'?, ZHAO Ling', LIU Qi'”, LIU Yuchuan’

(1. Yellow Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Qingdao  266071;
2. Department of Food Engineering, Dalian Ocean University, Dalian  116023;
3. Penglai Zhongbai Jing Ship Industry Co., Ltd., Penglai  265601)

Abstract Because squid (Loligo japonica) is not one of the traditional food sources in many countries,

systematic studies on its nutrition and frozen storage, even in countries where there is a long history of
squid consumption, have been lacking. In this study the squids were frozen at —20°C, —30°C, and —50°C

for 90 days to investigate the change in the meat quality and stability under different temperatures. The
quality was evaluated every 15 days during the frozen storage according to the sensory evaluation and
parameters such as the total volatile basic (TVB-N), the myofibrillar protein content, Ca**-ATPase

activity, the sulfhydryl content, and thiobarbituric acid reactive substances (TBARS). The results showed
that Ca®>"-ATPase activity and mouth feel decreased with the prolonged time of frozen storage at different
temperatures. In the first 15 days, decline in the Ca”"-ATPase activity of both samples was the fastest, and
it slowed down afterward. The contents of myofibrillar protein and sulthydryl was first slightly increased
and then decreased. The values of TVB-N and TBARS were elevated in frozen storage at all temperatures;
the higher the storage temperature, the more rapidly these values rose. The values of TVB-N and TBARS

were increased at a much higher rate after about 45 days, which indicated the deterioration in meat quality.
Microstructural analysis of squid showed that the muscle fiber bundles became loose during the frozen
storage. The storage temperature significantly affected the rate of decline in squid quality. Storage at
-30°C and —50°C better preserved the quality compared to —20°C. Therefore, —30°C or below could be
the recommended storage temperature.
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