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%, 5t 2 FINEt)CR gt A2 P iy BEAHEHT T RE TN, RRAB A B (PO)FHITT 4
o, 3¢ 2 #F PO B A RHATT M. ERER, ABAHT, 4hHERBITNELE
FETE, BEBCEEEFELTT . BHF T URBTHL . 72h b B U & 8 3k g 36 50 &
T FIH BN EL, 2 FRHY BB KT 8 sk i fn B I xEEF PO FLBE R 4 %R 4 LR
Sephadex G-100 # fiz 1% & , B o 46 L1 #9715 2| 17.22 Fn 19.67, 2 M 4T PO Yy 5t 3 I £ 4 Al 4
30°CHn 40°C, BMAEHT PO E KR T EAREWIE SN, —H W &E pH ¥ N 6.0~70 27, ET
BB, LB EAMN. 4-CHEE KRB, L-FHEARMIIFMER Y T RIFHIH 2 FiF PO E A,

Hop, 4R E K B IR RR KT R AR N R A A B AR T KA,
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BCHAT A ) 45 6 5 ) B e B AR TR 20t — R 81 4E
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(Phenoloxidase, PO)%; U] 1 5% (Begofia et al, 2010), PO
AT DA AR BT A rh %) TG €8 B8 18 A6 45 40 1) XL B A3 16
G WAL, SRR T, B i — 5

FAREMRBGE RS G AR AR, AERA, ™
HRZMAEFAY SN, T 29 FLRT kAN B (Friedman, 1996).
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(Penaeus japonicus) (Soottawat et al, 2005) . K & fLLxF
¥R (Parapenaeus longirostris) (José-Pablo et al, 2009)
H1 ML 44 75 %F BF (Litopenaeus vannamei) (fifl {3 IF %5
2019)%5 11 PO 4T T 7 & alifb A A= Ak PE R AE 5T, &8
AFEFRZEERE) PO FE43F 1t . SEHLAN . Aedl pH {H.
PFE M DL NS 1= S8 A AR K 22 5% 0 X T
IR R AR ) B AT R A, AR R R 2R
(F/NEEAF, 2012), 4-CFE[E) R 1 (8505 4%, 2019)
DL S — S5 SRR (Jang et al, 2003; Nilesh et al,
2009; Nalan et al, 2008)%, 4RI T AR LB MR AR
AR, EUX T I T P ) e B 5 0 AN A 4 TR

R AT (Euphausia superba) & 7 8 F A (AL T7
RAEMHHE T, BARSNERNECGEERSE,
2016; 54, 2018b), JIZ 40 T pE AR OR Rl AR K
B, BRSO R o R ST T e B A R
MITEOL T, e BRI A T Sl e 35 [ 5K 5 AT
R FH R R T B IR (B 2R 5, 2018a) 1R Hoz finid 7
Hh, R3Sk FH A 1% VR O 38 i by e R — o I
M, RIS B IRA S LA A . BARGEk,
5106 A B A 5 O (1 42 5, 2018) . 3% [ M 2009 4F:
T4 X5 i AR B A A AT R R ASE A R oL A 5 R T
(FHEsE 5%, 2015), (HAEMY AN THAR R 5 75 1 ik
FLETE e, TE ma R R 73z 5 01 T A A A b s
WSS (HE T SE, 2019), JE JTURE X T (Trachypenaeus
curvirostris) LFRIHF | ZLHF, (RBIEN, AR SRR
AR AEARL , 2 TR T 7 e T — R T A2
DRIESESS , 2O K" 1A R R 1R
1992), HEI, CAHKZ T IRGZERIE A RS J71H
MBS IE , E] AR W AR R AR DL K PO M i AH G
TR, T B Tl A A 3 Al 7 R A8 R R AL
7 2 A AETE 25 S i R T

A IR R A B i T JTORE X6 MR AR S A 52
X5, WLEE 2 Pl 7E (2+1) CIE e A2 b i SR AR E R
MKk R ) PO ML -4 T T 2k, XF 2 #pi PO
AR B AT T X LG A AT, B E R e AR R AR v
W Ao A P A o A o RN B S R AR HL PR 5T S R AR
2%,

1 MR57FE
11 SRBEEASIKH

T A B B PR O 4 R T e B A e i
YEMV AT 2018 4F 11 H 7 ra B i Sk gl 57, 41l J f i vk
K, —30°CH#, 2019 4F 5 At s, Mk
TSR, e BT 2 Y e A B R A 7 5 2252 6

i % JOE JTORE X6 R I T 5 717 28 A4 K 7= ik & i
Y, AT 30 min NiB ik B E, BIRET:
A, PRI — K (4~5 cm), T kS invk
VERE, 4TRSS0 .

L-34- " RIRNEIR . iR . SR .
AR AN . FEREN . L-FBEEmR . 4-C 32K

trali, W 3EE Sigma/AFl,
1.2 G HE

121 ZE AR W 0 R 11 e R Tl A
BY. 5 1 T JTORS Xof 0 43 01 i 8 1 (2 1) C Uk, 230
IURE L FL PR ARG I
1.2.2 PO HLB&R b4 &5 3R 4 44k Z MR/
45 (2003) 1 71k, BEAT 2l sy o HOIRAY Sk Hgiifsd 1 2 5 (wiv)
Fo BN A 5 56 v 20 R R 22 v W (0.1 mol/L, pH
7.2), B, Y98 30 min J5&5.0(4°C, 8000 r/min,
20 miny, LTV, W0 AR T A A G Do

TE B W A8 I A BRGRRR B A, H AW
FE, A ACEE 0~40%, 40%~75%F1 75%~100%: />
MIUTTE o HF 3 LLUTTE /3 B TR £k 2% v i (0.1 mol /L,
pH 7.2), #HT 24 h, B.05(4°C, 8000 r/min, 20 min)Jr
BT, A3 D e B P A T

Sephadex G-100 % i1+ #1841 (1.8 cmx75.0 cm)£:
Wi 22 1Pk (0.1 mol/L, pH 7.2)Ti-F-4 )5 , Bl 40%~75%
T R e DL o 0L AR 2643 A, LA 0.5 mil/min B 3 s idF
ATVRME, A 280 nm T MG EEME, Yl B g Xt
IR Ay, RN BTG T, SO T A A R, R E
Wi 5 —-80°CIRAF, BAREEZ2SI0 I E o
1.2.3 POE A Mz 2 18 Zamorano%: (2009)
Tk, WAME ., PIL-34- " HFEENERNIEY ,
F 2.0 mIBER R 2% M (0.1 mol/L, pH 7.2)5 2.0 ml
L-3,4- " FRFIEN ZFRIA 7 (20.0 mmol/L)iR 4, 30T
KGHIEE, IMARFERE 0.2 miiEA), K5 min
Ja ., TEWRR 475 nmdhill e WO EEE . 5T IOt
FEAE 8 fin 0.001 %E LR 1 NS F1 8 (U)o

KA IR E I A B i, THEEE 1 (U/mg) .
124 BENBRAEE N QYA IR 5
BRI 4E 5°C . 10°C . 20°C, 30C., 40°C . 50°C
M 60°C &M TR FIRA, )N 5 min & & B 77 .
1.2.5 pH @ PO & 7/ 69 % a1 FIEY 5 AR pH
ML P ROIR A, (8 RO R B2 pH 43511k 3.0,
4.0, 5.0, 6.0, 7.0, 8.0#19.0, 30C/KKHHME, I
AFFIBEE 0.2 ml ¥RAT, S 5 min J5 I B i 7 o
1.2.6 AFXA N PO & /8% 53 ) T )
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0.1%(WNV) I FE WA IR AN . WARFR S 4N . AR EN . L-
PR . 4-CFEMIZE . PURIMER . KR .
BEIR M FLIR KT B I A TS LR 1 1(viv)
RE, 30CKEBHIEE , MMARFIERE 0.2 ml 1R,
FW 5min 5, 7ERE R 475 nm b IE O EEE, i
ST 77 o AR ER G2 v s i R o BR, TSR E  o

1.3 HiE4hiE

K SPSS 17.0 Sk {43 K ik A Ab ¥, 25 R LIF
PI{E %5 22 (MeantSD) % 75, P<0.01 Mtk &k &,
P<0.05 %, P>0.05 F A,

2 HERE5HW

2.1 RN S E TURE XS 4R @ T 12 R A2

t 26 1l LA Y, g i i A i) S AR b A 5 1 JTORYS
XTURAH LT S, R T 24 h B, st ir
[ RRAR L R R B R, SRASTERA A T AR SK IR . IR
e B R4y, X5 K AT EF (José-Pablo et al,
2009) & A= AR ARS8 )TORE X MR AE 72 h B AT
DS 31| By ) N = v 1550 S 24 S B L) =R S
PO AR T o 8 JTORE X6 SR AS [ A (8] 1) 2 AR 33 R s
2250, X AT RES HAEHT A AR FDIRS A O, IRAMATE
TP | Bl PR 45 7 1T 1) 22 S A1 23 5 i AR 1)
AR
2.2 FAtREHIRS ETURE TR PO DAL & R

XF 2 FiF PO MYLlifbgs R IR 2, R BEIF PO
FLBEWE 09 L% 11k 1.58 Uimg, &BiBRiiE)s, 19
WL, Horh, 40%~75%00 R £ 1T TE 240 45 1
F Rl 40.67%, BTG RICR E 5 67.11%,  LEig
Ji#EmE %2 2.61U/mg, i%41434 Sephadex G-100 #Eficid
JEJS, LI ik 27.25 UImg, AifbfEBaRE & 17.22,

JEE TORE XT IR PO FHL B %) EL 1% U1 1.28 U/mg,
WA T R AR BT, H PO 75 7 = B4 HH 7E 0~40%f#7i ik
BRUTTERRAY , BTG ISR GA 59.55%, 1X -5 i#X 17745 (1997)
KIH AR PO 1 M S ZAFAE T 0~40%fi FR £ UL JE
oy —%, %44 % Sephadex G-100 BEE T U6 )5
Foid 4 2 25.21 Ulmg, iRy i A5Gk 3 19.67,

23 REX PO &K

TEEEXT 2 FpEF PO & Sy an & 1, g Al AR
PO 7E 5°CH1 10°CAAF T, 1 J1k b 35 i 1 8 TORSE Xof
WF(P<0.01), X5 HAEAG IR fifh gk i PR AR & A T Ry ik
PR —5, BaERELE 30°C A4, 50CLL G Tyt
WO, X A B R AT A K A PR IR AR,

e T dal T /K R VL R AE—1.3°C ~3.0°C (=% 4%, 2012)
HX,

J& TREXTIR PO ZEMRIRLA A T 1% J1 441K, 1 50°C
F1 60°C T (9% 77 5k 2 5 T R BRI o T8 JTORE X PO
() T I B 7E A0°C A2 AT, X 5 ML Xof I (B4 P 55,
2019; Nilesh et al, 2011), 1 [FEXF R (B LR 45, 2002)
55 PO 1Y dpc i i H2

0301 FIRBELT E. superba

0.25 u [ TCREXTUF T, curvirostris
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0.15

0.10

POJE 1 PO activity/(U-mg™)

0.05 -

0

5 10 20 30 40 50 60
1R E Temperature/C

PR L R Xk i R Wl -5 JTORE XS S PO 3% 1 52 )
Fig.1 Effects of temperature on the PO activity of
E. superba and T. curvirostris

*F7R 25 57 ik ¥ (P<0.05); ** Rk 22 Wtk # (P<0.01)
*: The difference is significant (P<0.05);
**: The difference is highly significant (P<0.01)

2.4 pH 3t PO i& QB9

T AR Tl AR B JTORE X IR PO B pH 19 748 T B 5
F—3, WE 2R, fad pH HTE 6.0~7.0 TLFEN,
R 1 P % 4 o) il 3 0 R — R B
B, AR AR AE 32 o R P AR — A TR MRV VR R B X
BERVS i3 RIS E AR ]

030
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Fig.2 Effects of pH on the PO activity of
E. superba and T. curvirostris
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25 FIKFIFE PO &S HI R M

A2 A i MR S A F oA R LA . JLRRE
SAFIXT 2 FHEF PO TG J7 RS LI 3. AHEREN . K
FR . WA R R L R R 2R 0 B 2 Y PO SRR
FE IV B PR 470 R SIE A7 1R L X T R T A D S JTORRE of R
PO X4 B (A IR T, ARG G #RAK T 60%.,
BRI AE A5 AR SR A v i 32 (/N 4%, 2012
Ferrer et al, 1989), H/3fift /5 B SO, il A8 &3 il
PO Gk, (R, W5 2R i v u] P= ) TR AL A 9 &
Az IS T BEL T SRR O A ST R i 28 A i P i
AR AE R 0T | AR BB AR Y ), A —E
LARE,

4-HR FHHARLFY PO MHIRMCER, FEk AR
JETORE ST IF PO 48 4-HR AbFRJS , AHX 6 AU
30.16%#i1 19.75%. 4-HR n[ szl PO, 4%k bi
1EPREZE IR (E 555 %%, 2019). R W 7E 20 th4g
90 AFARH [ T 3 B HE 28 Wl (4 MR A 52 7 i (B
%, 1994), %7 E B PULA D 4-HR, {H 4-HR
BASFRT R, BRI T IR BN AR

L -2 e 20 R AT IR It R AR 2R B B () PO T )
ISR o IR I R S — o A S5, AT BHLLE R bk
ALK L BRI — 2 G R 3, T
PAS L= e s R ) 4 S A S N 1 T 7 TR
FALA WA A A TG ) B S A A 4 (Soottawat et al,
2006), MM PHWT AR B KA L X 2 Rk AT A
RIEERER, fEEMEEITHEFAZR,

FARBENF E. superba
m JETREXTET T, curvirostris
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HXIEEE /7 Relative PO activity/%
N
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B3 sl o me A i -5 5 JTORE Xof R PO 375 7 #9532 1]
Fig.3 Effects of chemical reagents on the PO activity of
E. superba and T. curvirostris
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VAR AE T A A WA A 55 JTORRS Xof R 8 A 15 00, 2
SRR, AR BEIR AR OGS AT RE S A AE IR
BA K, St KR A ARGERE, ma A i R B 8 3 0 {1%
RIAEE, BT L PO FEAR IR A T AT AR FR 4 = 13 T
T AT B MR R JBE JTORE 6T MR PO 1149 3 3 T J3E 43 1k 30°C
40°C, fixif pH HI1E 6.0~7.0 JLFE N, MRIEIFEEAERS
G Mo LRGP, 76 2 RIS . RAF R
AT PRSI — S R M ) 0 A R B A A LR G 1 1Y)
B, BWHARN . WHREM . 4-HR, L-2Pai
FIPTIR IR 1 2 B 484 PO T6 I RUR: , & H
FHAC T ] AR 285 7 PR AR R 55
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Comparative Analysis of the Biochemical Properties of Phenoloxidase | solated
from Euphausia superba and Trachypenaeus curvirostris

LIN Ruihuan*?, ZHAO Ling?® CAO Rong®*", LIU Qi?

(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai  200090;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao  266071;
3. Laboratory for Marine Drugs and Bioproducts, Pilot National Laboratory for
Marine Science and Technology (Qingdao), Qingdao 266071)

Abstract Melanosis is a prominent problem in the transportation and storage of Antarctic krill. In
order to explore the similarities and differences in the process of melanosis between Antarctic krill and
common sea shrimps, Euphausia superba and Trachypenaeus curvirostris were selected as research objects.
A sensory evaluation of the melanosis process of the two shrimps during storage at (2+1)°C were observed.
The phenoloxidase (PO) was extracted and purified from the two species, the biochemical properties of
which were further examined and compared. The results showed that the black spot formation was more
serious in Antarctic krill under cold conditions at 24 h, and large areas of black spots were concentrated in
the cephal othorax, abdominal shell, and tail of Antarctic krill. For T. curvirostris, slight black spots were
observed in the cephalothorax and tail after 72 h, and then gradually spread to the whole body. The crude
PO solutions of the two shrimp species were purified using ammonium sulfate and filtered through
Sephadex G-100 gel. The purification fold of the PO solutions of T. curvirostris and E. superba reached
17.22 and 19.67, respectively. The optimum PO temperature was 30°C for E. superba and 40°C for
T. curvirostris, respectively. The PO activity of Antarctic krill was higher at low temperatures and that of
sea catch shrimp was higher at high temperatures. The optimum pH was between 6.0 and 7.0 for both
species. Sodium metabisulfite, sodium bisulfite, 4-HR, L-cysteine, and ascorbic acid can al effectively
inhibit the PO activity of the two shrimp species. Among these chemical reagents, 4-HR showed the best
inhibitory effect on PO activity. The findings in this paper may provide a basis for the quality control
during cold chain logistics of Antarctic krill, and also provide a reference for effectively suppressing
melanosis in shrimps after death.
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