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1.1 #ME5iF

fE 55 /N IR R (20~30 o/ H ), 10 ) B S £ 5 T
b FE A R\ AR (G b gl ) AR B (4 B
ali) ERWR (Jrbral) 2,4- L B (DNPH) R
R (orbral) %, W2 Bk Al A BRA s 4 =
Jie /4 2,12 (EDTA) | -+ — bt FL i B2 £ (SDS) \5,5"—
AR 2-EFE A HTR ) (DTNB) | =58 W AL 2 ik
FH e (Tris) W 2 22 o 48 %5 WX (PBS, 0.2 mol/L) | 4
3L 2 — e (TEMED) 1 i B8 45 B it /iR 1
(ANS)% , 745 Biofroxx 23 H]
1.2 MUE5EE

DW-60W388 i Ik vk A, 5 & W /K A= ) B
7 AT BRZS 7] s SSN-61 FAH {7t B SR A4, TR YIS
[F) Yk E R e A% I BR S W) 5 ¥ VR TR L, A e i
FE S UG AL #5 A BR S 7] XHF-DY o 3 20 B i | 7 ik
B2 MR BR 2 W) 57200 BLAT WG 4306 B
I, RIS A R R GL-20- 1T & %

TRES DAL, 2 R T s NEXUS670 f# B
HLLAMSEIEAL, S JE & AR A | F-4600 #¢
A EIEEE T, H AR Hitachi 23 7],
1.3 REH*
1.3.1  VRBUNRARAH & B Pkt o 0 B 3% /N e
R A A K Rl 6 75 05 3 1 20 min (K B 0 4
DL S5 UMACRHE ), AWK P HGZ 1 min, 24
(BEEr 1 kg /NIRAER ), &5 P AT 7K (K B8 4
DI 2 A o) B & LS . &/ N IRITR 43 5
BT -20,-40,-55 CHY VKA R 45 28 vhon it B A
F|-15°C, W2 GIFREHLST ] 2 41, 5000 # T-20
CHFI-40 CYKAR VR, VR J5 191y 24 J& B F% 6
JEBCRE T AT, R BENLEZS 1 kg /NJEAF
PR BN K i o BRI 3B Sk (e FIm 4, V8 Tk
T e
132 WURLFHEAGENNE 2% Pazos F
)7, HEREFRER 3 ¢ /NJREF AR T 50 mL 250>
Brp,mA 30 mL(10 F5 R F) Tris—HC1 22 M1 (10
mmol/L,pH 7.5) , FH {55 3 0 B A% 51 2K, U W 498
2.0 (4 °C,10 000 t/min)20 min J&7 , BUICHE , in A
30 mL Tris—HCl 2% #f ¥ (10 mmol/L,pH 7.0),%]
WGBS (4 °C, 10 000 r/min)20 min Ji5 B V5K,
RISk WUBET 4 36 3

F 0.6 mol/L. KCI i#5 ¥ H LI £F 4k 25 191 1% W
e 10 A%, B 1 mL bV, FHOSCAR R a2 s v
B
1.3.3  WUBR£F 4 8 (1 3R g K il e S
Haskard 52 J7 ikl 2 CHRER ANS & 2 11
B o B N B A U 2 4 A s v, R
Tris—HCI Z8 th %5 (0.6 mol KC1-20 mmol Tris—
HCL,pH 7.0) iR % 5t & ¥k &£ 4 0.1,0.2,0.3,0.5
mg/mL PEW . 9B E A BWK 2 mL ¥ T 5
mL PCR B0, il A 10 pl. ANS % ¥ (8 mmol/
L, f#4F 0.1 mol/L. pH 7.0 PBS & F ), iR iEiR
5) . SRR | BRSO K
385 nm, FHHVEF 400~700 nm, FHEE 1200
nm/min , & B GE AL SRR BE SE X R 2.5 nm, W N
WFE] 0.1s, i05% 470 nm 3% 1K b A9 9€ % & 5 i 5
DA BT BE R R A b, 1 IR 5 BE SRy A A A
L, mhZewn i Bor RS Gl vk [l E 23 it
)RR B A 543 0 2 TE B K PR RE L (H) o
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1.3.4  WURL4EE HNEZOLREMIE 5%
Cao ZEWIEY )53 . 0.6 mol/L KCI 75 80 #5 L 2T
Y28 S ON R R B 0.05 mol/L, R FH 2655
R T HEAT I K e SR R DK 295
nm, P& 50 2.5 nm, K F G Bl 280~400 nm),
AHEHEE 12 000 nm/min,
1.3.5  WUGEF 2 8 (S a0 0 — i o % 1 vy DU
Z | Beveridge 551 Oliver S5 7 vk | F§1E &
g

1) SHETE DA AW NFRBUR R
480.48 g EDTA 2.9224 g .SDS 20 g .Tris 24.23 g
7T 400 mL 7K, 6 mol/L R pH H =
7.0, EHKE 1L,

BB EE B W 3 AR DTNB 1.0 g\ Tris
24.23 g % T 800 mL 7K, ] 6 mol/L £k R ] 5
pHIHEZE 8.0, EA % 1L,

D, B mL U ZF 4 8 R BOR, SR
Tris—HCI 2 WA’ (0.6 mol KC1-20 mmol Tris—
HCL,pH 7.0) % B 2 7 & W 224 0.2 mg/mlL, il A
9 mL MEFRIE A W, IR BEIR A5 7E = R iCE 30
min, ;W 4 mLIEE, A 0.4 mL S5 B W 1E
40 C/K¥E SN 25 min J5, WE P K 412 nm 40
W EAE, A 0.2 mol/L. PBS My 4s (X IR,

2) AR B AW SRR
480.48 g JR % .2.9224 ¢ EDTA 20 g SDS.15.826 ¢
K,SO; % F 400 mL 7K, 6 mol/L £ 2 1775 pH
HESO,EXE 1L,

hBE B W . 43l AR 1 g DTNB 15826 g
K.S0; ¥ T 800 mL 7K, H] 6 mol/L #2175 pH
HEIS,EXE1L,

D, B mL UURZF 48 AR BOR, SR
Tris—HCI 2 WA’ (0.6 mol KC1-20 mmol Tris—
HCl,pH 7.0) % B 2 i 8 ¥k B 4 0.2 mg/mL, il A
9 ml B AR A W, IR BEIRA) S RN R
30 min, H 4 mL IR 5, A 0.4 mL 6 B W,
TE 40 CINY 25 min J&5, WP K 412 nm 2L A%
JEAE, LA 0.2 mol/L. PBS A48 (% IR
1.3.6 WURLF4EE A g ME S8 Sun
RN Ty 1 REAE IS B, /N JEER R R ek 100 H
J& B 1 g #F 10 mL PCR B0 h & H L, B IR A
W5 ToK BAL AR T b 10100 RGBT R A, s

T I 2022 445 4 1
WBHMMNE, SEAXEIRIE, RN 4

em™, 94 B0 32 kOGS WL G S 400~4 000
em™, I Peakfit A HEAT 00T, 175G T LR AL
1F, %% J5 H Deconvolve Gaussian HiZk £, JE1T
T RHEUE, HEPAGMEXREFREASNT
0.99 1k B 22 45 F U8 5 25 “REEF R XTI G R
R X R TR AV (PO R i 1o
1.3.7 KB B MEE 2 Yang 5517
Trik, o3 VA H1 220 CHIT-40 CHY JI A, K -20
CH1-40 CHIE RN TEEF YT AL 1 mm x 1 mm X
1 mm 2245 09 1E 75 1R (TR WL IR £F 2 SO 0380 DLAE U
£2) ., ¥ -20 CHI-40 CVR /D e iF N & T H 30
mL 60% JG7/K 2% 30% = 54 W BE M 10% K B 12 20
AR G (RA W E 73 5B 2 -20 C
F1-40 °C), 4 3HE-20,-40 CHIPKHEH I 18 h
Jei , WNUKAE TR A SR THIR & 25 °C, - e K &%
7K 2 h, SR JGFEIE T B0 W K 2 3, Bk 2
h, B JF I AR IR T B W 8 ho VR B A A PR B
FHH ok 3 ¥k, B K 30 min, SRJG 1R A 57 CH
AR 3 U, B 1 b, B PR LK B R A
P e A g b, JF Y0 R HLES LR £F 2 8 )
10 wm JEEI o DT R AR — i TR B
A b BT 56 Clat DA, KRR AR
AR 2 R AR AR 10 min, R IF R A TEK
B 2 Yk, BRI 10 min, FFEF I R B AEBE A 1
FHYG2F B AR 100 fi5 AL IR 4A RE
1.4 HELE
HABIEELE N 3 K, 45 R FH1{E 5
WEZ= (SD) "R o I FH SPSS k1 % B dh kA7 48 3
I, R H ANOVA #4777 2250 \Duncan 2
25K B0 AT A A B E YRR B 2R, P>
0.05 HlE AZEFALE P<0.05 HENERLE,

2 EREHSW
21 MEMFEIBRHFIEFEESIENT
&

HIZE 1l DU Y, VRl 3 A 1] i B3 i 1]
AL, 6 2H /N Je B A B WLISLET R 5 i 2 &
PG B N (P<0.05) G R e i la# X 5 Li
SFUIBT LRI ARG R A UK AN BT
R, WUP L Z 20 B A W e 4, o 1ok ) I
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1 MERTFHEIBEDNEAEZEERENTL (mg/mL)
Table 1 Change in myofibrillar protein content of red swamp crayfish during freezing storage (mg/ml.)
KB EIC KR EIC & 3 %0 B % 6 J % 12 7 % 18 % 24 7
-20 -20 2.54 +0.05* 2.16 £0.05  1.39£0.03* 1.04+0.04™ 0.90 £0.05*  0.90 £ 0.02*
-40 2.54 +0.05* 230+0.06% 1.49+0.04* 1.16+0.05" 0.98 £0.09*> 0.89 + 0.06™
=55 2.54 £0.05 235+0.10% 148 +0.02* 1.18+0.05* 0.98+0.09*" 0.93 = 0.05"™
-40 =20 2.54£0.05 216+0.11 144 +0.03* 1.17+0.04® 1.11 £0.03*  1.08 £ 0.06™
-40 254 +0.05* 230+0.16" 1.57£0.06% 1.32+0.04® 1.26 £0.05** 1.19 £ 0.03%
-55 2.54 +0.05* 235+0.10% 1.66 £0.06“ 1.41+0.06® 1.24+0.08*  1.18 £ 0.04*
TE AR R 47 B [R5 JE A 7 1 308 28 5 .35 e IRl — 91 (9 A [8] /N 5 08 s 7 B 3808 28 53 . 35 (P<0.05)

Tt . pH {H & 4 B3 24k (P<0.05) , T S WL £F 4
B VAEYE e R B b, IR B A sh B b S b I
MR RE S AR H A, AH MRS IENA

240 R 2 P o A R e A SR A B R TR A
Oy PRI B EE B T AR AR O, B S B

g 7K il
Bl A,

VR AR [ B, A 38 VR 8 Y, 20 C
R 45 0 /N B BF PR UL R £F 4E 3R (R Ao IR
T —40 CHI-55 CE L1/ e #iF (P<0.05) , T -40
CHI-55 CT . 22 5 (P>0.05), X2&HF-20C
VR4 1 A A8 (DLIR 1) B 2K 3 B R 4G,
ZH5EARS GRS EETH, FEEER TN
KRR TR (K A RS I 45 R 55 E 13X — 6, DL A
2), G B 220K 43 9 R 435 A 4 2 1 0 ] 6] PR B 1
Vs SRR A, (A pH (RN B R e BE AR AL T K,
PRT R T AR R

VREE IR AR R, A2 38 VR Y, —20 C
T ORL 10 /N T AR PR LR AT 4 R S R B T
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Fig.3 Change in moisture state of red swamp crawfish during freezing storage

RE s, S EUMUE Y o i T 2 1 A P,
22 INEWEFEBIREPINRTUEEREHRK
MR

H1 2 0 DU Y A VROBU H) A SE 1,6 20
INTE I PR R LT 24 A A 3 T K P B e
FHIK (P<0.05) Jrf 2 By H o Py i fi 9 /N AR
PR L /K S5 AT 22 A 2 1 B0 1 AR, SR T K

B HOBOT U6 5, WURCET 4E 8 1 70 532 i e T
AR G R RS (RPN IR BE I 25 R Bk T
X ) A B K AT 2R 8 R B K P L T A
i ) 7K ik AR B 22 | gt K R ELAR ] T oK
o33 BT BE R A AR S BB K PR R O R (P>
0.05) , fieJm B TP A,

F2 MRIFFEEIERRAGRKERER(H)HEWL
Table 2 Change in surface hydrophobicity index of red swamp crayfish during freezing storage (H,)
AR RS stir # 0 # 6 %12 # 18 %24
®E/C RIE/IC
-20 -20 3191 £0.97* 37.44+1.23% 71.9+824% 381.72+14.82™ 189.25+ 11.82%  140.65 + 11.47"
-40 3191 £0.97* 3453 +£0.87" 56.76 + 6.25% 199.53 + 10.50% 182.97 + 11.04" 162.65 + 12.50"*
=55 31.91 £0.97 36.21 £0.99" 57.39 £2.66™ 198.92 +7.14% 185.72 + 12.38"* 172.49 + 13.43%
-40 -20 31.93+£0.97* 37.44 £1.23% 4532236 15046 £9.99* 181.33 £11.15 164.61 + 12.12"
-40 31.91 £0.97* 3453 +0.87* 48.82+7.53* 146.17 £8.74* 173.77 £ 12.18* 163.95 + 11.25""
=55 31.91 £0.97* 36.21 £0.99*" 46.32 +£2.80" 148.26 +9.74" 179.00 £ 11.39* 17599 + 11.61%

T AR — A7 W AN () R 5 8 b 5 B 3R 7R 22 7t 36, 76 [] — 51 I AS [l /N5 R b B3R 22 7t 1 %5 (P<0.05)
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Pk I FE AR AT, R 245 1 B 6k /N DR o A LD
S Yk R R s KPR R B2 (P>0.05) . T
SEUREE AR R B, R R0 B 25 e T /N e R AL
2 Y 8 1 ) F T 5L 7K P (P<0.05) 1 =20 CHREL Y /71N
TeuFFRmH K AR 12 BT B R TR
SE 5 =40 CHR I /N IR KR LR 27 2 8 1 0 22 1 o
KMETESS 18 A KB mfE , R TiRE., W
Sk, B AV ) A ek A1 )T PR K A3 R E A
WD T A AR H KB A KRR
SEOE I T X — a5, UL 2), DA BRI T AR
JE I pH (B TS 5 B 0 AR AL R B, AR s
[ ¥ 5 AR AE
23 NEMMEBTSEPINEFLEEANRER L
BENTW

&l 3 A LU Y R 60 2 AR R 6 28 /)N i
IR PR FE VREER 6~12 JEI ), 2 o BB il K 7
VRIS 12~24 JAIRT 28 608 B 7 Mt/ . ix A 7E

DR L

Fluorescence intensity
Fluorescence intensity

PRI ), €020 B2 B OR SR AN W A8 4k o PR 78 U
FR ST, DK 38 O 45405 LT HE S5 4, (A5 LI &7
HERE 1B R ARHESN 7 B IR, WU 2T 4k 8
TR AT HEAE A RR 04 (0 G PR AR R 2R o, Do 0
R 5 el A 1 B DK AR B3 O AR INEE 1 X L
LR YEPLARR 17 (9 R, A (45 2 7 W A0 pH (L
BT, ORI B K 2 A A S A AT I
BB A% e, A 20 1 VR 9 5k | 2 1 o AR 2R
8, RO AR AL T PR IETE N, 135
SRR R, XML TIE T B K T A 4

VR Gt JBE A [ I, 3l it B R 45 14 /) g 0 1A
F14 A R 5 5 5iR B2 TC B A 22 5] (P>0.05) 5 VR &% i JEE
ARTR N, 20 CHR B KL T /N 3 ) 2 i 3 A 4%
A VRO R 9 A2 AL R T 40 °CL X 5 Ren 452
BRI FE LRI . IR DOE 5 B A 728 Ak 15 3R T i
AKAE—E, AT RE R R 2SR

—0 CRJRD
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400
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Fig.3 Change in intrinsic fluorescence intensity of red swamp crayfish during freezing storage
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M 4, B5ATLIA W, Bl G a] i) ik
K, 6 41/ e i I ILE £F 48 2R 1 R B S 3 T i Y
58 1 2 N R (P<0.05) J5 2 Wi fe e iy i 3 i —
i Bl 1 o S G B K (P<0.05) JE i TR E 1
P, TS E AR RS SHE S S A
2, BRZE R MG SR E 45 SRS, 3X T BB VK A
PR LA O A, UL 4T 4 R A S5 A B
WS, P9 B 5 Ik 2 8 ok i — 20 S AT B

18

VAR T, AR R B, 256 0~12 J&],—20 CHREE 1)
AN R B B 0 I T 40,55 CCURSS 1 —
Wb & B 2 T —40, -55 CR4E (P<0.05) ; 1646
12~24 J&, /INJR R A 0 25 R i 1 i AR A
F(P>0.05) . 2 FEZR AT, -20 CHRES /1N
JEERIE R T R UK S, X LR AT 4 25 1 0 4544
MR v S EOE 2 0 5 S 5 5% 5 R il i
AU T AE VRS T, B R B 2 2 5 AR O] B
W OR T AR (A 8 B AR A R A
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Fig4 Change in total sulthydryl content of red swamp crayfish during freezing storage
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Fig.5 Change in disulfide bond content of red swamp crayfish during freezing storage
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Fig.6 Changes in the ice crystal microstructure of red swamp crawfish during the freezing storage
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SANGUAN W, et al. Raman spectroscopic analysis

Effect of Frozen and Freezing Storage Temperatures on Physicochemical Properties
of Protein from 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 In order to provide theoretical guidance for processing all the year, the red swamp crawfish preboiled were
placed in the plastic box filled with water, then the boxes with crawfish were vacuumed, followed that the crawfish were
frozen in the ice locker at —20, —40, -55 °C, respectively. After the center temperature of which was fallen to -15 °C,
the frozen crawfish in boxes was stored at —20, -40 C for 24 weeks. The content, surface hydrophobicity, intrinsic fluo-
rescence intensity, total sulthydryl and disulfide bond contents, and secondary structure of myofibril protein as well as
microstructure of ice crystal were measured, to investigate the effect of frozen and freezing storage temperatures on
physicochemical properties of protein from red swamp crawfish. The results showed that, at the same freezing storage
temperature, the ice crystal with red swamp crawfish frozen at —20 °C was bigger, resulting in a heavier damage of meat
structure, compare to the frozen temperature with —40 °C and -55 “C. Besides, the myofibril protein content of crayfish
frozen at =20 °C was significantly lower than that of —-40 C and -55 C  (P<0.05), while there is a slight difference in
the surface hydrophobicity, intrinsic fluorescence intensity, and total sulthydryl and disulfide bond contents of myofibril
protein (P>0.05); at the same frozen temperature, the ice crystals with freezing storage at —20 °C was larger, and the
needle—shaped ice crystals appear earlier, compared to freezing storage temperature of —40 °C. The myofibril protein and
total sulfhydryl contents of crayfish with —20 °C significantly lower than that of —40 °C (P<0.05), while the surface hy-
drophobicity and disulfide bond content were significantly higher than that of -40 °C (P<0.05). The intrinsic fluorescence
intensity of myofibrillar protein with =20 °C changed faster than that of —40 °C. In addition, the relative content of a-he-
lix with frozen or freezing storage temperatures of —20 °C was higher than that of -40 °C and -55 °C frozen or -40 C of
freezing storage, while there is a slight difference in B-sheet, B—turn, and random coil. These results indicated that a
lower frozen and freezing storage temperatures may keep a more stable spatial conformation of protein from red swamp
crayfish and alleviate the degree of protein denaturation, resulting in better quality attributes of red swamp crayfish dur-
ing freezing storage.

Keywords red swamp crawfish; frozen; freezing storage; myofibrillar protein; ice crystal



