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ABSTRACT: Objective
storage quality of cooked Procambarus clarkii. Methods

To study the effects of peroxyacetic acid and chlorine dioxide cleaning agents on the
The Procambarus clarkii were bubbled and cleaned in tap
water (control), 0.3% peroxyacetic acid (PA) and 100 mg/L chlorine dioxide (ClO,), respectively. The cleaned
Procambarus clarkii were cooked and stored at 4°C. The effects of cleaning agents on the storage quality and protein
oxidation of cooked Procambarus clarkii were analyzed by the indexes of total bacterial count, volatile basic nitrogen
(TVB-N), thiobarbituric acid reactive substance (TBARs), texture, chromaticity, carbonyl content and sulfhydryl
content. Results After 24 days of storage, the TVB-N values were 35.03, 29.39 and 30.74 mg/100 g and TBARs
values were 0.15, 0.16 and 0.17 mg/kg in the control, PA and ClO, groups, respectively. During storage, the
percentage of bound water decreased, less mobile water and free water increased, carbonyl content increased, total
sulthydryl content decreased, and internal muscle hardness increased. The results of the total number of colonies
showed that the purification of PA and ClO, could extend the shelf life of Procambarus clarkii by 6 d. Compared
with the ClO, group, the hardness value of Procambarus clarkii tail meat in the PA group was higher, and the

protein carbonyl content increased rapidly. Conclusion Considering the results of total number of bacteria and

physicochemical indexes, it is recommended to use CIO, of 100 mg/L to purify Procambarus clarkii before

processing.

KEY WORDS: Procambarus clarkii; peroxyacetic acid; chlorine dioxide; purification; storage
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JIN T B 51 44 5 BRI S MR (Procambarus clarkii), &5
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BT IR . A TR R EROCR, SRR >
Xof /NI M 7 75 AR R B ARS8 BT AR
THIFFRAR . LRk,

1 %8 Z 2 (peroxyacetic acid, PA)ZE—Fh ELA T i%Ht
GRS ROH RN, EZEA TR &R TR %
Jtil, PA FOAE FHAL 1 2 5 [ i S AL SR P R
FR A, MR BSOS, PA B IR . 1
AALERASR, NS R= A A 25k YT PA 1ER
— I A B R R £ B A A S O R TR A B £51)
1, DAKWA %581, F 80 mg/L ) PA W5 VRS2 44 125,
U AR . ZHAO ZEPE2 ), ] 200 mg/L 1 PA ¥
WOR st th ) 10 min, AIEEICESRER . R F A
AP A Y KOG . Ak & (chlorine dioxide,
C10,) /2 —FlK i k5 AR T, B 12 A TR K 4,
K b e SR 0 2 T CLO, U AL o
TR 2 i S %) B P B R B B A A, RO AN A R Y A 5 ke
AT 5 B A2 4 3 Ve U S U g & B
0.2 mg/L HJ ClO, % IR IR /KR 20 min 7] A3 G bR AR
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A TE

PA il CIO, fE Ry R0 iR )2 M AR FH K
B SLBEE VERK T e e O g S U, (R R
FIREFF /NSRBI AT A o ARBIESE AN R S 52
X4, OISR R, SR A KK . 0.3% PA
100 mg/L ) Cl0, X /N MFHEA T80 Tk, B VR /N
MR 22 ST 5 AE 4°CICIRRE, 3BT AN [ 385 0 700 % 28l /s g BRI
S 1] LA AR R 1 O AR AR B S, AT SE oL i
R AL B AT /N TR R 7 i AR e, S AG  EEA,
h PA FI C1O, 15 WE I N /N MR 2R J i v e 4 pt 2
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1 #MR57H%

1.1 w5 EE

BEIE /N AT (A 8~10 em, AT 20 g+5 g): 2022 4F
4~8 T BT VoK it & T s etk
ClO, Bl (AR & 8%, INAATREA DR A PR A F);
PA W (16%~23%, IAREEREZDL BB F]); IR . =
AL TRFEMGRRN 4k, =25 E b5 BRA R,

HG-250W/220V &% XUHL(CH M K HL A R A &]);
DL-CJ-2NDH ##8# TAE & (AL BT AR BRI R AR i A PR
Fl); UHS300 % 4h 0] W43 6 6 B3 (H A H 32 A Al);
CR-400/410 5% 6 2= 11 [ £ RE X (P EDN B AR A A ];
TA-XT Plus G FEE SMS 227]); PEN3 i F 2 bR A
FEAE R A BRITAE A F]); NMI20-025V-1 2w 4% 1%
AL TR M TR B A3 A PR FD); GL-21M =fie
RO HLOA R M L3 = AUA T R A R W), Spark it
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AL G Tecan Y #523 7); ME204/02 HL 7R F-CHi 0.1 mg,
i L HERR R R 2 A IR A E).
1.2 LWIE
1.2.1 HSara

VS YR e T 3 T TS B A o K SR /N T R A
AL 3 M TAHBAR T, XFRRAL: A ORAKEETETE; PA 4:
0.3%HY PA VST UE; ClO, 4H: 100 mg/L ) C10, 5%
G WU AR IR SIE AR ER LY 1:10 (m:m),
B LI 244.86 L/min, BEITEVERE 30 min, K
VRIS /N RER PR RS K B0, SRIG FIRE 22 221940
TR TS A RE, e A BT /N R M T 2R A N i
b, BOESM A ¥5F%. 100°C, 30 min, Bl H/
Je MR HETE 4°CUKFEH, A AITE 0, 6, 12, 18, 24 d HufF
PEAT R AR FRA i .
122 HHEHEME

Z R GB 4789.2—2016C & i L2 E AR ME MM RE
VISR TV SO E ) I TR TN E
123 #BEEEARESENE

Z: 8 GB 5009.228—2016¢ & i & A FEZArfE & dh
FERAMEERFLAMME ) iy B sl A SGEHFATIE
124 FAAREERSENZ

Z I GB 5009.181—2016¢ & M &L & E Kb &5+
PO EERTINE ) w0 2 0 BE VLA T IR VR .
BURESD 3 g BT 50 mL 2.0, HERIIA 30 mL 10%—
A CTRIRG W, 5000 r/min BT 1 min, #5558 TIERERE
it b 50 °CHRHE 30 min, B, A E =G HARZE
TEAC BT . HERRAZE 5 mL JERFD 5 mL 0.02 mol/L K
MR ZRAKRRE THELGE SR, RIFET
90°C/K 4R H I I 30 min, B, AHIET 532 nm 40
FEWSERE o 45 5 DA T A PR R T B TN R TR
(mg/kg TFR)FRIR
125 &EMNE

o FH 8,22/ N IR RS 2 R SET I, e
E FE A S BEA. (L) RNLT BE (@), AR4TRESAT 6 YK, B
NSl
1.2.6  JFuAmE

%2 FAN SV b T b o e/ e iR 255
RRETFWEET6 b, P2 BRI E IR 2
AL BRI RS . B, MNASEN TR R AT R
MR | R FHEER N 1.0 mm/s, JE4EEEES 3.0 mm, £
FFITE] 30 s, ik T 5xg. BAFEMAR 10 OFAT, S5 RHEL
FIfHE.
1.2.7 @&-F&nx

22 AW RS S  ik A TI0E  K 58S IR R A
HITE, MEWAFREL 2 g URAE TR F R s, BAE AL
A 35°CTK AR HrSF- 30 min J5 BEATIINAE, D0 E SF 0

PEMTIA] 100 s, MIRATI] 120 s, G 116~120 s FY4FAE
AT 5387
1.2.8 ARz AR AR AT

27 CHEN S5y g3t /N Jp R 2 1A AR 7K 3 A1 ik
FIE /NI E A E T 30 mm fLRKR/NREAS , il
JfI Carr-Purcell-MeiboomGill (CPMG))F 41|l 5 FF i B A 1)
AR Ty). SCIRSEEE T : REESZ 100 kHz, 90°C
Jok st 1] 8.52 s, [BI3EESIE] 1.000 ms, [EI3 kL 1000, $4
S5 J5 R AR P B RO B B A TR, DARAS
(T R N I & O 2 AR [ ] T AN B S T g s
1.2.9 &é& R Auddit

(DB 2

27 MESQUITA %P0 )5 i3RI fEE . B 0.4 mL
HRE VAW 0.4 mL 10 mmol/L 2,4- " RFE2E AW (FH
0.5 mol/L HsPO, V) IRA, Z I FAUY 10 min JFHIA 0.2 mL
6 mol/L NaOH ¥, #kZ:5 i T 10 min, L4 0.4 mL
BRI 0.4 mL 2,4- RIS BHAMAE NS H, R
NARAE 450 nm AMINOGAE, 450 B va i e o
i (nmol/mg H[)FRR .

(2)%0 2 T B

%% BENJAKUL %PV IERIME B 2. BL 0.5 mL
EHHKET 10 mL .08, MA 45 mL 0.2 mol/L
Tris-HCICH: % 8 mol/L JRZ, 10 mmol/L EDTA, 2% +—
KEILBREREN, pH 7.0)& ik, IRSEEIRACE 30 min, FF
A 0.5 mL 0.1% 5,5- = B A W (2- filf B 2K H BR)
[5,5°-dithiobis-(2-nitrobenzoic acid), DTNB] (Tris-HCIl, pH
8.0), IRAIJETF 40 °CIKIEHAH RV 25 min, f/57E 412 nm
AR E SR, 25 (8 S Eh 2 s e & . JLEER
TFOLFRECH 13600 L/(mol-cm), £ 45 vw 25 1 i & i B
i (umol/g FH)FE/R .

1.3 BUELEBS SR

B R Microsoft Excel 2016 #FF1 SPSS 20.0 %4
AT BT AL B, HHE 25 SR DL Y E AR M 25 1R, SR A
Origin 2022 ¥ {41 GraphPad Prism 8 #4244,

2 HFR55H

2.1 BRI R HA B R S AT L

PRIV BB B £ 5 S T — A E AR bR . ML GB
10136—015 (B L EEZFhME ShHATH& ) BE, B
TSR A i T 7 B R AR My <5 1g(CFU/g),
T BT G SHE R B . thIEl 1 AT, 3 A4 FRAY
st R A R A SR BSOS Y AR T ) S T . oot B 2R A
%518 d i, BVERECH 5.02 1g(CFU/g), M HLE MFRAE, i
PA ZEEZH T C10, A IMEZH I TR 75 B 4.40 1g(CFU/g)
4.76 1g(CFU/g), &ML TXFHEZ(P<0.05), ZE A 24 d,



F11

BN, G R SRR AR ST R AR /N D R Rk J5 ) 2 73

ClO, AL PR Y TR 7% M Bl 5.09 1g(CFU/g), #8587 IR,
M PA A FRZH A 75 BB0CH 4.88 1g(CFU/g)., St IEZAAH L,
PA il C10, Hij Ak nf A2/ N AR S 4 E K 6 d, PA
Ab PR RO BT . ABALAIR AR 60 me/L Y ClO,
WO [E B AR B 4~6 min J5 AT T 75 S AR 97.45%,
TIN5 R R 7 S 0 DA 7 BRI 58.68%, $Rim T 77 b i
XSGR .

81w XTHH

= PA
—_ Clo, Ec
206
B Dc  p, MMEa Eb
Q Da
S 4l C b
=]
pac]
% 21-Ab Bb N

Ba Ba
Aa Aa
0 6 12 18 24
Tt i /d

T ARG FRFRHNEE 2SR, P<0.05; AR/NEFhE
PRI E 25, P<0.05, A,
B1 el 2l /N g SR D 1] 1 7 B 8 A8k
Fig.l1 Changes in the total number of bacterial colonies of cooked
crayfish after purification during storage
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¥4 & PEER L% (total volatile basic nitrogen, TVB-N)J&
B EUSZE A RN DR AV R 20 ™ AR I B B e 2
Bl & RS, P E ER RE F A 2
AL AR, NIRRT SR TVB-N &AW -7,
FEWTFEAEE 24 d, 3 AMAEFRLL) TVB-N 85351k 35.03 .
29.39, 30.74 mg/100 g, SXJRRALAH L, PA ZHF1 ClO, 4
#) TVB-N {H_F FHHHX 248 . JLRE AT fig & PA 1 ClO, X
IR P A AR 0 E Bl AR T IE A, A& IR T TVB-N
TR, X SRR S A R AR
O Xof HE Eb
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Fig.2 Changes in TVB-N values of cooked crayfish after
purification during storage

2.3 BElp RO EAERACLEZEBRESENT

AR B LY % R (thiobarbituric acid reactive substance,
TBARs) /IR A A bR PER B AL 1, AT TR K
PR AL BRI R R I 3 T, FEIT AT,
Je AT TBARSs {E7E 0.04~0.08 mg/kg 5B N ZEE FIF, AFH
AbERAE 2 [R) 25 SR AR AU AN G, SRBHIRA  SEAR R B A 7
WSEINES 24 d, TBARs fHEH R 7, &350 0.15. 016,
0.17 mg/kg, Hrp PA 071 ClO, 411 TBARs {H 25 T I8
4, KIM 258 R B, 2 100 F1 200 mg/L C1O, &b Py fi:
L BEfa F ) TBARs 35 X RZ1(P<0.05), H&H
SARAERS N, SAEEE 45 R 2L TBARS 340 J5 5 AT R
J& PA FlI ClO, FysR S AL IR A HR B AR AR TR 5 5
B AAAL, DTN T /NS T S AR I A AR

0.20

[ e Xt Da
w— PA
clo, b

DaDa

TBARs/(mg/kg)
(=)
)

0.05

0 6 12 18 24
i At 1l /d

3 Al Jn AN e SRR NGB ) TBARs {EL A2 4L
Fig.3 Changes in TBARSs values of cooked crayfish after
purification during storage

2.4 BEINEARICE R E & T

SR TH 9 B R A W — IR R, B
SR P 0O BRI SE Y E o MR PRI (9 AR A PT LA SR
1k LR " sl sk S e 4 A R, 55 0 d
AHLE, WSS 3 gHRES A0 LS. d B 4 B T4, 3 M4k
TR @B 5 0] # (A S B S R s e, AE
5518 d I IS B KAl o BN RELYI 6], PA ZH1Y a2 T4
HRZH I ClO, 4 . 582 40~50 mg/L 11 ClO, il ab 3 %
it i e PR, BERE AL B A] A ZE A £ R LR, a v
N, AW R B AR LT §8 2 T PA F1CI1O,
) 5 AR A0 T (e AR IR TR B 1 T SR STk, e i R R 25 4 X 2
SR T G SRR S0
2.5 BN ARG R B BRA B Tk

A AR MR R A AT HL I TR AR R 1
AL, 3 27N I 2 PR 2% T A 2 B S B N s T B 34,
X FRZH AN PA ZHAESES 6 d IR AR iR R K, Cl0, A 7E%R
18 d BiREIE R, WA A maE & %, IR R ] BB AE
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BCab Bb cp BP = PA
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Fig4 Changesin L and a” values of cooked crayfish after purification during storage
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Table 1 Changes in textural parameters (hardness and elasticity) of cooked crayfish after purification during storage

TEUE b Fsf ] /d R /N PR /N /N
0 63.46+1.944% 2.28+0.1948° 53.05+1.394°
6 78.96+4.33° 2.36+0.2348° 52.91+1.56"
-~ 12 70.76+6.34% 2.41+0.235 53.30+2.324°
18 66.37+5.02% 2.09+0.134 54.63+1.36™
24 58.56+5.424° 2.09+0.19*° 54.05+2.394°
0 76.31+4.00° 2.21+0.19%° 52.80+1.524¢
6 88.68+5.78° 2.24+0.07A% 52.57+1.45%
- 12 69.78+5.40% 2.31+0.14" 53.47+0.914°
18 66.82+4.71% 3.12+0.235¢ 53.7241.677%®
24 59.05+3.324 3.08+0.215¢ 53.00+0.49*°
0 64.85+4.974 1.91+0.13% 52.08+1.474
6 67.73+5.134% 2.02+0.15% 51.96+1.304°
o 12 71.75+4.104% 2.46+0.18% 53.9241.85%°
: 18 73.15+5.44% 2.47+0.08% 51.96+1.69%°
24 65.77+4.4778 2.55+0.24% 53.48+1.984°

T ARKREFRFORA N BEFMEES, P<0.05; AR/NG FREFRRA 1) B #1255, P<0.05, FIF.

T LD R i PN U5 RO ARAE ) T PR B 11 R A R, MR IR
S AR 2200 X PR T R, X A 4t S B e R
MEAIC R R 3, T PA ZH T C1O, ZH DU 25 T 5 Hsf 7] (74 2B 46 T
Frgathn, 5 Clo, 4AMIE, PA ZH /N IR I e A A FEE {5
Ko X5 REETH Clo, AbFR% JEh ) 5 3 Fifi b PR 7]
P ALK T S8 IR S IR 25 SR — 30, ARV RN, PR i 4
T JE R AT BE 2 PA Fl ClO, HA SRR E, TEI O ] 25
T Ak, R T R A S ERR RAE, SRAk I P 2
¥ o 3 /N A PR A A A A T R (] A B A Ak
(P>0.05).
2.6 EEN AN EHAE R FEEEE S

I T 2 ) P 5 A TR P S T ARG ) 81 A RS T
SN S M) JoR AR PR, 0 7 (588 38 A/ N b =
ST Y 5 AT, 10 AMB IR R R Ak T =
TS [] 0 S ESF v 9 PR v JRUA 0 e A o iz, L g 37 5

A AR o FL i B A5 5 R AR AR WIW W2W
WSS, 3 AMEEER A% TEHLER ALY A HLER AL R R R
A PIRURR, X PTRE S IR R P S L S B R
PEERSEEU T A G . 3 AT Ea i B {5 5 5 B B
3k Fsf 0] SEE T T T, e oo B Ay oy (L B s, PA 4
BRI S A A, 221 PA il CLO, B Ak A1) TR PR A KU
BRILRAE, PA 1Ak I XA LR AR B A
2.7 BN REICEEAB) K 4 AR RS

(R A B s N (B R LB | B 22 VST ¥ il
T Bl SR W A P K A A A R RS A I, AT Bk
PR S E TN T L D 4 S AR AR D RS )RS 1] /)
JRHR A P 8 Z2 AN K o0 B o S 2 MR P rp oK 431 U R
T b P s ) T S B 3Tl 2 2 BT, /N IR R P A A
3 FKAMBE: Z56K Ta(S5EA KD T BEEAIIK),
NG IR T TIIRS4EH97K); B K Ta(fifE
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FAufalal g ot a] @ i sh k) B, FERsE, 3 4IRERL
M Ty R IBERI [R]ER%, Py 05 LE T RE, RIIZEEK
TE AN S 8K 7 AR o R 22 BRI [l S AL R E 14 %8
I FA) JUL D 248 2 1 A e A T 9t A5 31 T LA 5 AR,
S HT IR AT RE 2 S AL AR 25 A K S & 14 FIRE
FIVRES, Toy XERLI KA FIE SPETH o B TR 18] fr) 4E
£, 3AFE A AYUE &7 EE Py R Py B F, REIA G SIKFIA
HK Z AIAFAEE RS B4 0, m] e S5 0 1A A0 I A2 5, 2 1
JoR S AR W S 5
2.8 EFpEIICEEIEERSWEE S
28.1 #EALF

B 5T R AT AR W B9 TR R AT D e AR 1 Y 4R AL
FERECT, WE 6A Fis, Bl ] A K, 3 4105
Mk B E LSS, BRI EIGE 0 d), PA 4A

(5 24 d), 3 ARESL PR B/ B, PA LR EE & i 1
TR, AIEREE PA RYSRSEfL M SR A AR
R R R R 2 S b R R B R AR TR e e £ JBE
Jo WU 27 4 26 e 3 & i3, X S AR R a5 SR AR
282 E#miALE

B ISR R R A SR R L T T BRI A,
ARAl AT LR e AR R SRAE RO LEL, AnfEl 6B BIR,
Wi 5 T ) S, of R ZH ) B B i 1 R R, (FR )
T3 KB 8] W B 9% 5 . PA 410 C1O, 4 1Y M 3o &
WS MRk, BB EE SR, SR TS
(P<0.05), B PA IR ClO, RS LE R/ NEIT H B
KB PR/ IR (1457 55 58 5w Ak 4 TR R vl g 2
PA Fil C10, TR AR BE 2 19 [ FH BEFIIE M 25 | R s
ATE A, fedt HAfb . R Clo, KRR FRE 4k fa

ClO, 41 BB 5 7 ik S B I% T % BE 4 (P<0.05), T3 S5 0] WUEEEI B AL & o TR AR
T HE —
A wic Mo m wic PA-0d  C wic C10,-0d
18 SR 12 PA-6d 14 Clo,—6d
W3S 16 WSS — XfHE-12d W3S W5S . pa_ W3S 12 W5S . 1o
1 1 PA-12d Clo,-12d
u - XfHE-18 d ~PA-184d 10 ~-Cl0,~18d
- X244 ) ~PA-24d ) ~C10,-24d
8 6 - 6 J2
W2wW Wic  Waw a Wi W2w E ) W3c
w2s W6s w2S wes W28 Z W6S
WIiwW W5C WIiwW W5C WiwW W5C
W18 W18 W18
Bl S b il /N g R 7R 0 g 0 0] 6 H - s TR
Fig.5 E-nose radar profiles of cooked crayfish after purification during storage
Fz2 BUERGEIECREREK S HER
Table 2 Moisture distribution of cooked crayfish after purification during storage
‘FEJE‘HEﬁ:—Et Iﬂ’l’ﬁﬁt‘f l‘lﬂ/d Tz]/mS Tzz/mS Tz}/l’l’lS Pz]/% Pzz/% P23/%
0 1.08+0.094 36.91+0.60<° 629.17+16.01% 4.10+0.39"° 95.60+0.614* 0.21£0.01*
6 1.12£0.11482 33.80+1.32" 659.91+47.57° 3.38+0.28° 97.02+0.79% 0.26+0.015
- 12 1.23+0.065C 33.7440.585° 729.57+43.03"° 3.2540.31<° 96.32+0.66"5 0.24+0.014B*
18 1.30+0.08%° 32.014£1.304° 590.29+48.295 2.83+0.05"° 96.09+1.214¢ 0.30+0.03
24 2.7140.23"° 31.74+1.51%° 521.49+45.74"® 0.88+0.05" 95.73+0.58" 0.49+0.03"*
0 1.09+£0.10% 38.52+1.77¢ 559.22+42.625 3.80+0.39< 96.29+0.46"° 0.2340.01*
6 1.11£0.074* 34.04+2.62% 580.26+43.02% 2.37+0.175 98.05+0.46"° 0.26+0.01*°
A 12 1.15£0.10% 32.55+1.1645 644.26+£16.46" 2.69+0.145 96.88+0.495 0.41£0.01%°
18 1.18+0.074 32.3441.24M 541.41+30.925 2.34+0.19% 97.50+0.33<° 0.4740.04%°
24 1.35+0.11% 31.86+1.35%° 468.80+18.34%* 1.82+0.114° 97.32+0.535¢ 0.48+0.02°
0 1.07£0.10% 34.65+1.62°° 577.04+12.48"® 3.75+0.25% 95.57+0.78"* 0.3340.03"°
6 1.25+0.09% 33.65+1.41°% 755.34+57.455¢ 2.02+0.01* 97.98+0.47<° 0.36+0.02%°
o 12 1.2740.05%° 32.46+1.06%¢ 832.03+65.34%¢ 2.91+0.045® 97.15+0.825 0.44+0.04"°
? 18 1.82+0.09% 32.03+1.8748 575.63+£54.68" 2.30+0.18" 97.03+0.545° 0.61+0.05°
24 2.38+0.16™ 30.69+0.84%% 567.99+£49.134 2.15+0.11%¢ 97.00+1.035° 1.07+0.03
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Fig.6 Changes in carbonyl content and total sulfhydryl content of cooked crayfish after purification during storage
Environ Int, 2004, 30(1): 47-55.
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