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AR5 R (=20, —40 °CHI-55 °C) Fil 2 /> 5 i I
JE (=20 CHI-40 °C) ), I 2 ¥ ok 72 v /s e R A
M e % FEK | 5P ) pH {H \TVB-N
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PEAT IR 72 AL B (4 °C) , [ 5 S5 FH B R £k 5% vl 5 i o
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BSOSO C I R EEARRETE 32 CHY
1R % s S ARAL B I 1 v 52 FE 51 CPMG
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Table 1 Change in juice leakage of red swamp crayfish during freezing storage (%)
HABBEIC kR AT %0 %6 %12 7 % 18 A % 24
-20 -20 1.75 £ 0.15* 2.67£0.17™ 3.08 + 0.04™ 3.28 +0.20™ 5.49 £ 0.04%
-40 1.40 £ 0.35" 2.00 £ 0.10% 2.98 +0.03™ 3.14 £ 0.03% 5.09 + 0.20"%*
-55 1.29 £0.37* 1.62 £0.01% 2.96 + 0.04™ 2.95 £ 0.26™ 4.60 = 0.40*
-40 -20 1.75 £0.15" 1.24 £0.07* 1.36 £ 0.28" 1.63 £0.16™M 3.75 £ 0.02*
-40 1.40 £ 0.35* 1.17 £ 0.06™ 1.28 + 0.05" 1.56 £ 0.34" 3.37 £ 0.48™
-55 1.29 £ 0.37% 1.12 £ 0.02* 1.20 + 0.06™ 1.51 £0.29* 3.28 + 0.45"

TE RS TR 37 [ I 8] 2L 8] 4k 3 1 22 e 5 /NS B R R AN B 35 1R 22 57 (P<0.05)
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LR Zang S HE 19 25 R AL, —20 CHRAE 1) /)N
To AR PRI 4 K SR A VR EE A 6 JE B EBR AL (P<
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e A AN K Z I K S T R A e B | S BT
PR 7K 43 & S 3 CBUHE AR o ), Rk R 2 3T
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I BE A [ N VRECER 6 JH = 18 A,
—55 CHREE/INBEF A 57K R B 25 T 20 140 C
W45 4 (P<0.05) o3 1T RE & -55 CHE—20 CHI-40
CHLAER ARG B, P/ e MR 7 OR 45 1
JI R UK B /N | LT 4k 9k A K A 3 A il A5 -55
CHEEH /N IR NLA S5 A K RE T 5k, FRAkR
T . URESTRLEE AR W] R 12 e, -40 CR
G ZH MR P e A R KR B 3 R T 20 CHRBAL (P<
0.05) ., FEZKRM AL bk BRI S R I

F2 NREREEREPHAENTN (%)
Table 2 Change in WHC of red swamp crayfish during freezing storage (%)
AR EIC kR IE/C 3R %0 R % 6 F %12 A % 18 A % 24 B
-20 -20 40.65 +0.26" 37.05£0.19* 32.88 £1.93% 39.12+0.53% 43.92+0.65* 40.69 + 1.14*
-40 40.65 £ 0.26" 38.56 £ 0.24™ 33.68 £ 0.68™ 39.29 + 0.42% 43.66 + 0.79" 39.89 + 1.31"*
-55 40.65 +0.26" 38.82 +0.28% 37.39 + 1.50™! 39.80 + 0.14%“* 40.41 +0.11 3826+ 1.27%
-40 -20 40.65 £0.26" 37.05£0.19* 34.12 £0.59™ 42.24 £ 0.59*™ 42.09 £ 0.14"* 39.55 £ 0.99*
-40 40.65 £ 0.26" 38.56 £ 0.24™ 3421 +1.24™ 4249 +1.82* 42.73 £ 0.90"* 38.80 + 1.43"
=55 40.65 +£0.26" 38.82 +0.28™ 36.93 + 1.84" 43.54 +2.65" 43.10 +0.45"* 38.96 + 0.98"

T RS T BE 327 [ I 8] 2L 18] 4k 25 4 22 e /NG 7 B SRR AN B 25 1R 22 57 (P<0.05)
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H1ZE 3 AT LA, /N PR BT U0 ) BE A i
T 4 S R 49 2 R 5 1 R P Dl /N AR AR RE B
Xt /NSRRI BE YT SRR B, AR
PR FA I 3 15 B /N e R PR % 5 170 0 AT fE 5 4

TR G VR 12 JRIIE W8 IR R 5 1 0 b 3 1
K (P<0.05), 1] BE S U &5 B K TR PN 358 14 7K 49 T B
UK b, VK SR IR TR R LA 4 T B R I R OK
P05 TR IR A WS 8 T, (A5 B U0 0 3R R A Y
YY) S AE 5 18 JE T Ui 3 08/ (P<0.05) , AT RE &
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Table 3 Change in shearing force of red swamp crayfish during freezing storage (N)
BB JEIC KR AEIC & 97 %0R %6 A % 12 A % 18 7 % 24 7
-20 =20 12.36 £2.02*  12.28 +0.72* 13.66 £2.07* 18.42 £0.55" 12.52 £ 0.73" 14.46 = 1.66™
-40 12.36 £2.02*  12.82 £2.12* 14.22 +10.53% 19.21 £ 1.40™ 13.26 + 1.42%™ 14.53 + 1.95*
=55 1236 £2.02*  12.99 £2.00" 13.14 £0.43" 18.83 £2.60°* 14.92 + 1.40% 14.18 + 1.37"
-40 -20 12.36 £2.02*  12.28 +0.72™ 13.24 £ 1.65" 1549 £2.03" 11.27 £ 1.28" 12.10 + 0.43*
-40 1236 £2.02* 12.82 +2.12* 15.54 £0.78" 17.11 £0.26"* 12.04 £ 1.00" 13.10 £ 1.23*"
-55 12.36 £2.02*  12.99 £2.00* 13.65+0.22* 17.32+0.15* 12.58 +0.92* 12.56 + 2.59*

T K5 B8 3R [ I ) 5 20 ) S 25 M 25 5 5 /N 5 B R LN R 3 E 22 7 (P<0.05)
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DL SRR B A, PR B ) ) (R R4 4T (SEM W5
F A LA S5 R BIE T X AR R ) o R4S TR A
] B, —40 °C ¥k J6& R A 55 U1 7 19 2% £k R IR
F =20 C. X 0] AEZEFAR I VR A B P ] T R
L FE R G U T R UK R T G, (A A A
20 60 25 A B 00 R 1) R BRI, R T LR A A 40
SECT AR BT ARk

2.4 INEEREREEREF pH EHEK

4T LEH, DNEEFA R pH {H kb & i)
Vi) F A2 K 47 5 B 40 /N P-4 KR TR AR E
TR 5 6 Ji, 44l pH (E 34 2 E 0/ (P<0.05) ,
A g SR U 25 1 M 8 o i A3 B i B e 80 (B ok
WoR), 6 EE 12 8, &4 pH H¥ B K
(P<0.05), ] fig 2 & A e (U E e LR 40 il
PR R P AR, (R Y pH A S B K
P02 VR 12 2 24 JH 454 pH (E A S 1 K
PN 3 (P>0.05) , T g & 0F R &R 1 B2 K
AR [FIET K A3 i R O (B R R ),
A5 R 4 I R R A

R4 NEEFEREED pHENEK

Table 4 Change in pH value of red swamp crayfish during freezing storage

HRRJEIC K EREIC & 4T #0R %6 1 %12 A %18 A %24 R
-20 -20 7.19 £0.04" 7.16 £0.06™ 6.85+0.14*  8.40+0.10¢  8.19+0.08*  8.17 +0.03*
-40 7.19 £0.04" 7.13 £0.07" 7.01 £0.00* 8.16 £0.01"*  8.07 £0.10*  8.13 £ 0.04*
=55 7.19+£0.04* 7.10+£0.09* 7.03+0.05*  8.03+0.00*  8.06+0.06* 8.06+0.01%
-40 =20 7.19 £0.04*  7.16 £0.06* 6.87 £0.08* 824 +0.01"* 8.12+0.01* 8.16 +0.04™
-40 7.19£0.04*  7.13 £0.07* 6.95+0.09%  8.07 £0.08™  8.06+0.03*  8.09 +0.04™
-55 7.19 £0.04*  7.10 £0.09"  7.04 £0.05  7.59+0.20"  7.58 £0.13"  7.70 £ 0.27"

TE RS 5 R] 37 ] 5 8] A 2L 18] 008 25 1 22 e /N 5 RERm AN B 35 1 22 7 (P<0.05)

VR I AR RN, R 255 12 J, pH (B B 7R
B B FEAR T U /N | R 45 1R -20 °C 5 -55 C#
S0 3 (P<0.05), iX 5 38 55 S PI pF oy 45 R 2k
L, AT fg =55 CAl /N e F (Y e B T ik
=15 C, W0 T EWE Rt E R AR
(14 VR 45 L B K3 O 2 R AR IR B e, AR
T/NJEER P B0 bR S E M B, AR o R
Jo 7= A R AR PR R S S T /L PR IR R 4 R
Y11 pH AEH /)N XA e 2 vl L i TVB-
N L1 2 fol i s R0 A | 5 TE A TV BN A
FEGERGAE T pH (HAE A 5 IS K 4 5 %k
AR 12 255 24 JH | UR A5 IR S =55 CHY, Vi it
JE-40 CAHEL-20 °C, /NIRIEF A pH {H 1 2 I
/N(P<0.05) 3] fE 2 A 1) 4% 7 ek B 5 4 A1
A o i B, ol R O A R, 3
pH HAE LI 2% , pH (H 5/,

2.5 IMEEEREEES TVB-N ERZEL

T AR AE R E T AT IR K AR Y TVB-N

H I ASHE T 20 mg/100 ¢, & 5 AT LIFE 1, /NE

HR A TVB=N {1 Bl 2 Bof 5] 7 228 < 357 522 B0 8 K )
S 3 AT g AR B AR A A B e T ) T
e foge 2R 1 ™ A i A B U 2R

=20 CHRZ /MR A B TVB-N {8 12 3 1%
F-40 F1-55 °C(P<0.05) , X AT GE & F MK A R 45 1R
JEE A TR ORI 0 S E B R TG S AR T,
UE T pH {E7E VR b 5 0 R 4>

Vi 45 B A (A B, R R TR B - 40 CC A R
-20 °C,TVB-N {H 3 K H R (P<0.05) ., X 7 fig
S A ) VAR S (45 /N e M 7 A0 1) 34 K 1
TR P BRI, PRI /N e M G A0 V) e A
o P T AR, —20 CCAR 45 -20 SCHR 1 /N T S 7
R A 24 AT TVB-N {3k %2y 22.32 mg/100
g, i T EZ bR (GB 2733-2015) M2, EA
EEEM,
2.6 NEINEEIEEPIAMUEHHTL

FE 2 AT LA Y, R 4R 4 /N e B PR ILZT
LRI E) . HEAA Y, — 2N a4 4
CLPA 1S ) 4 Bl 5 AL 2 UL S 5 R UL o s 5 L &F
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®5 MEEFREETES TVB-N ENEL
Table 5 Change in TVB-N value of red swamp crayfish during freezing storage
AR EIC kR EIC 8% JF %0 7 % 6 %12 A % 18 A % 24
-20 -20 3.26 £0.81" 418 +0.28"* 11.54 £3.20" 16.11 £0.95™ 19.89 +0.34" 2232 +1.18™
-40 326 £0.81" 335+0.28" 791+1.61" 10.14 £0.54% 12.76 £0.80™ 13.71 +0.63“
=55 3.26 £0.81" 3.54+0.43"™ 6.53+0.06" 9.59+0.00 11.40+0.11% 12.59 +0.39%
-40 -20 326 £0.81" 4.18+0.28%* 7.85+0.80*  9.98+1.31% 11.53+0.50“ 12.66 = 0.62*
-40 326 £0.81* 3.35+0.28% 6.87+0.74* 8.10+0.57%  9.95+0.68* 10.64 +0.42™
-55 326 £0.81" 3.54+043"™ 49154  657+0.53%  6.83+£040% 8.16 +1.24"

T K5 B 0% () I o) 5 20 ) s 25 M 22 5 5 /NG 5 B R LN I 3 PE 22 7 (P<0.05) .

i SR, LET 2 2 1) 4 FL B v BE 2 lp /K 4R 2
T EUAY WLEF 2 FAAE A i 1 B B0 I 3 ol Fr) AL A A
i

VR G il 2 A RIS i 287 IR ) Py S 4, 7 e
SR LD S5 R (R BT T ) 1 L BT 24 38 K WLET 4 iR 571
RAL o VRES IR L AR /NI BF |, WLET 24 22 [ LB B
ANEER ] USRI UL P S0 JILET 4 2 i) B R
-55 CUREEHY /N g F A Y UL 2 A8 W7 17T 78 VR G 6
Ji 55 N 22 AN K 3w BE R B A Y R 4G I

X A B 5
ow
Aa Ba B S

6W

12W

18W

24W

/N B 114 F O LR B GE E ZE - 15 °C, B K
B, DB R TN e SRR A AR LA
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Fig.2 Change in myofibrillar microstucture of red swamp crawfish during freezing storage
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Fig.3 Change in moisture state of red swamp crawfish during freezing storage
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Effect of Frozen and Freezing Storage Temperatures on the Quality of Red Swamp Crawfish

Yang Haiqi', Chen Jiwang'**, Xu Yan', Tian Hongwei’, Liao E'’* ~Wang Haibin'?**
('College of Food Science and Engineering, Wuhan Polytechnic University, Wuhan 430023
’Hubei Zhouheiya Food Industrial Park Co., Ltd., Wuhan 430000
*Hubei Key Laboratory for Processing and Transformation of Agricultural Products, Wuhan 430023
‘National R & D Branch Center for Crayfish Processing (Qianjiang), Qianjiang 433100, Hubei)

Abstract The red swamp crawfish preboiled were placed in the plastic box filled with water, then the boxes with craw-
fish were vacuumed, followed that the crawfish were frozen in the ice locker at =20, —40, and -55 °C, respectively. Af-
ter the center temperature of which were —15 °C, the frozen crawfish in boxes were stored at =20 and -40 °C for 24
weeks. Juice leakage, water holding capacity (WHC), shearing force, pH value, TVB-N value, moisture state, and
myofibrillar microstructure were measured to investigate the changes in quality attributes of red swamp crawfish during
freezing storage, and the effect of frozen and freezing storage temperatures on quality attributes. The results showed that,
compared with =20 °C, muscle fibers of red swamp crayfish frozen at —40 C and -55 °C are more slightly damaged, and
the crayfish meat has higher juice leakage, lower shearing force, pH value, and TVB-N value and WHC. Compared
with =40 °C, the muscle fibers of red swamp crayfish stored at —20 °C has weaker integrity, and the muscle structure is
changed from compact to loose. In addition, the crayfish meat has higher juice leakage, shearing force, pH value, and
TVB-N value as well as lower WHC and percentage of bound water and immobilized water. These results indicate that
the quality attributes of red swamp crayfish were affected by frozen and freezing storage temperatures, which may provide
scientific guidance for the supply of red swamp crayfish throughout the year.

Keywords red swamp crawfish; frozen; freezing storage; temperature; muscle fiber



