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Abstract: Spanish mackerel surimi was rinsed by different concentrations (0, 2, 4, 6, 8, and 10 mg/L) of ozone
walter, to investigate its influences on sensory qualities of surimi and oxidation of surimi myofibrillar proteins. The
results showed that the whiteness of surimi increased and the electronic nose responses of fishy smell obviously
reduced with the increasing concentrations of ozone water after rinsing. The electronic nose responses of fishy
smell in surimi, including aromatic, ammonia, short-chain alkane, methyl and organic sulfur compounds,
obviously reduced after rinsing by ozone water. The result of GC-MS demonstrated that the contents of volatile
compounds in surimi rinsed by ozone water, such as aldehydes, alcohols, olefins, thioethers, alkanes compounds,
decreased significantly. The carbonyl contents of myofibrillar proteins in rinsed surimi escalated, while the
contents of total sulfhydryl groups decreased remarkably, with the increasing concentrations of ozone water. The
Raman spectroscopy indicated that the structure and conformation of myofibrillar proteins suffered changes afier
rinsing, including the decrease of a-helical relative content, the increase of p-turn, B-sheet, random coil content,
and the exposure of tryptophan and tyrosine amino acid residues to the polar environment. SDS-PAGE plot
showed that the cross-link and aggregation of myofibrillar proteins occurred in the rinsed surimi. The above results
indicated that ozone water rinsing could improve the whiteness and flavor of Spanish mackerel surimi, and also
caused oxidation of the myofibrillar protein, which led to the changes of protein structural and conformational

properties.
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1 MEEHE
1.1 M5 8s

Wi (K 0.5-0.6 Kg) MM —LGaRA NS, MR AN, BmE M. L.
S, AN, TRERH . HRERAL. ZFRORE. OB, JRE. —FH LM (TCA). BAHFEHM. 5,5-
TR AR W 2- L BB ) (5,5'-Dithiobis-(2-nitrobenzoic acid) , DTNB ). 2.4- — il 3 2
(2,4-dinitrophenylhydrazone, DNPH). Z —JZJYZ [ (Ethylenediaminetetraacetic acid, EDTA). 8-
2 [ - 1-Z5 % B2 ( 8- Anilino- | -naphthalenesulfonate, ANS ). 2(B)-Fidk 2.0, — F% F BE & Ik e ( Tris )
HRBREL el M2 ERSLBARA R : SDS-PAGE BURHI# I &  Ibat R K S RHL
AIRA A .

Chroma Meter CR 400 47 {¢  H 4 Konica-Minolta 2> @] ; PEN3 {0l T2 R 48 f2[H Airsense
2Ad] FMIMAERSEE . 50/30 pom DVB/CAR/PDMS #Hk. 20 mL T4 OFERI 36 Supelco
Zvr]; 7890N/5975GC-MS BEHIfX 5[ Agilent 24 7]; DF-101S S A IR INHEE i FERE AN
WAL TRARAR: UV-2550 LAhal Wt ee il SR AGEs (5D HMRAF: 970CRT #t5)
YHHET RS R BS A A 5]; LabRAM HR Evolution 344 861 Yalp (hED %5
FHRZA A Mini Protran 3 $EZ k{52 Bio-Rad A 7] .

1.2 sER ik

12.1 REUKKIHIE SHEXNZEMOE 7k, KA TK-DI-S08 B 5R4E % £ 3k & 50K, ARt
ESRFUKIRE, SRIEH SEKIIRERERN 0. 2. 4. 6. 8 fil 10 mg/L.

122 s mBEnhl% BRI EAR KRG L BCERER. RV NI 55, )1 i S
SRR, SRS FIR IHLKE 0 Y 5 |t 4 B8y HEAT A R, SRR A RIRK=1:5 Gwuiv)
RABHRE 15 min, BERESEEAIIERMSE, BB BEAK 2000 /min, BEAK S min; &
FRLEUK HEATEE Ui, IR mA: REUK=15 (wh) BAHFHENE 15 min GEBFRE A9 E R



ANER, REHRERREUKEBIAERT), REERAREATERMYE, BABABLHEK 2000
r/min, 7K 5 min; BREHEH 0.15% NaCl i ipons AT 30 =R e, fZIBEA: NaCliFif=1:5
Cwiv)IREIFHTYE 15 min, 2854 18-S U N LB M 92, BN K BL A 7K 2000 /min, B7K 15 min,
i BE/K S & B TE T8% A4 - W {F B A A BTSN, ARG ETHILIAN 4% (ww) BIERPHER] 4%
Cwiw) ILALHERE, 75 0~4 CiSE FHHE | min, FLPREMAE-80 CUKFERA . £ LIb b,

i AR il AR E PR FFAE 10 "CELR,

123 S @mBEOPEINE s m R EAR 10 om BB RIS Ei T8, FH CR-400 (12
WA Gl A e B S AR HE CVBGRATREE, £ %0 T8N AL B GE 4 D ASFI AL B 1 G e
1o L¥NEEE: a*NAEE (EEFRWA, FEFRRMED: s sEE (EERRmE, fUE
FormiE). BEME (W) BHAK (1) HEER

W=100—\/(]00—L*)2+a*2+b*2 A (D

124 HFRNE  AERRRRIUER t f BERES 5.0 g, TN 50 mL B LB, IR 5 R REEREE O,

RIGET 4 COKAEREHE 30 min, FTHEFEEM. KNZMA: BFEEERR R 100s, W0 E
120s; TASHRAE 25 °Co P EBHEAL 300 mL/min; FEFEJ A 300 mL/min. BpMFEREENE 4 K.
J%4343#1 (Principal Component Analysis, PCA) ffI[] PEN3 Hi-f 5.9 Win Muster B4 ib #8252 J5 5
105~107 s F¥E S 2.

1.2.5 [EAHBERC-SOM G- FHEE I (SPME-GC-MS)  [FMAEHL: % 2.5 g fABERE SN 20 mL
TS, N 6 mL WA EALERIE I 2 pL brdE /K Z8BF3F CfF (5 mL /K L1+5 pL A Efid),
SERPIN s B TEHURT 45 COK IR/t a5 b P 15 min. 2435 DVB/CAR/PDMS 50/30
um FHE (270 Ciffk 60 min) T2 P 40 min, SRR RIEHEA GC #EFE L, MM S min.

ARG TS o i 235 8 0 i, S G S HP-5MS 418 HE (40 m=0.25 mm,
0.25pum); BEFEITRLEE 250 C; ANPntBiaCGdERe; #4508 He: W#E 1.0 mL/min; F2FFFHER: AR
40 °C, fAFF 2min, L4 C/min JH% 160 C, fRFF 1 min fFLL 10 C/min J1 % 250 C, £&FF 5 min.
IR PE: GC-MS 1R E 280 °C; B TIRIRAE 230 'C; DUMFFEE 150 C; Mgy El; T
AETR 70 eV JUERAITEE 30~550 (m/z). FERMED I E PRI C5~C25 IEM b e it UL AL i
ot i SIS EE (NIST 11/Wiley 7.0) #4782

1.2.6 WUREF4EE AR SHXRMOIRTr %k, SRIVURL4EE E o KRS AR E & AR

1.2.7 BHEE R 2% Oliver MR EHETIIE - F 10 mmol/L Tris-HC 2 (& 0.6 mol/L NaCl,
pH 7.2) FF4RHA LR £F 4 51 F FC ] AR 5 mg/mL SR EVEH, HU 1 mL WL 2F4E 88 A O3 50 mL %8
BB 1 mL 10 mmol/L DNPH i (75 2 mol/L HCD), SR & Fi#tEHE 1 h (4 15 min,
% —U0, N 3 mL 20%[1 TCA J5 10000 r/min £5.0 5 min, 7 B3, A 1 mL L8 Z16- 2 (viv
=1:1) EHEPIE 3 JF, NI S mL 6 mol/L AhEEANIAE, 37 ‘C iR 30 min MEHTHEIAEME, 10000 r/min
B0 5 min ZERAEY), FIEEBRCT 370 nm K IS BOLE . SACEENE 3 K.



1.2.8 B#HiEHE 2% Yongsawatdigul “FUA AN E S5 5. M 10 mmol/L Tris-HC Z2 4K

(% 0.6 mol/L NaCl, pH 7.2) 42 UL 25 4 8 FACdpY 5 mg/mL & HIEHL I 0.5 mL & 2
INAEFT 4.5 mL 50 mmol/L BEFRZE M (& 8 mol/L JR % . 0.6 mol/L KCI. 10 mmol/L EDTA, pH 7.0)
WEIRA A, I 0.5 mL 10 mmol/L DTNB,  ZRJ5#FJE & lAE 25°C ffRiE 30 min, fE 412 nm |5
JeRE . BEANAEFRALNE 3 K.

1.2.9 WFEDRilE SRS mg/mL (& A1 mL JIA 9 mL 6% E8 £ 22 PR3 (50 mmol/L.pH 7.0).
K H F96 RUGEN Ay Yo Y P vl e et . e S fF A BRI 290 nm, TG 300-450 nm, #KR
BeEETEE VR E N S nm, RGTEETEE R E N 10 nm, REVEN 3.

1.2.10 REHAMENE 2% Saced TN LUES. 18 AL 20 mmol/L [ 8 £ 4% b
VB (& 0.6 mol/LKCI, pH 7.0) FFEZE 0.2, 0.4, 0.6. 0.8. 1 mg/mL, H{ FRRERES 4mL, HY5
50 uL 8 mmol/L ANS & 1%5), #BEEHRE 10 min, FE% WOGRETHINE &4 h: BUR AL 374 nm,
G 400~500 nm, FOREETE L E A S nm, RAEETE L E R 10 nm, REBUER 2. SR
R R BT A A N R B . AN TR E 3 IR

1.2.11 figiElE 23 Shao M J7i%, KM LabRAM HR Evolution $i & Y6k (&, KA
FE2IEHELE 400~3600 em'. IR5ERUG FIECEE Labspecs Xl b7 13, ARG R IR RIAAE 1003
cm’' PR FaR BN SR AR N N bR AT I3 —fh . IRAE®ERE 147 A9 31k, KA Alix SEUS0 D7t 5E B 5
THRAEH (a-BRBE. BT, BELMAIEHINIEM) . JFHEE 760, 830. 850 cm™! PHITHIHE
Y A0 R R R P AR SR o — SRR . RS FR AL E 3 K

1.2.12 SDS-PAGE £ Xiong SN ik 3F M LAE 2, FH 10 mmol/L Tris-HCI 28 % (5 0.6 mol/L
NaCl, pH 7.2 ¥ $2 B LG £F 45 25 (LK 4 mg/mL 88 1A, BURE S -5 RE S R 0% 1:1Gow)
FeBE A, $hKI 15 mine IS (ARG 4%, 73 BIRORE 12%), EFE 10 uL, #laheE
80V, FFHEan LRIy BB, 72 120 V 1H & FREATREB Ik ST . Bk e UG H 0.25%01) 7% B i ik
Yett 40 min, A AW, BIFIZH Quantity One #TFHEAT 40 Hr F kb 2

1.3 it

F-F SPSS statistics 19.0 B8 ] ANOVA 43 i X0 B R 06 ik 47 Bl 538 22 0 8 (P<0.05),
a2 FEd ) Origin 8.5 .

2 GRESH
2.1 SLERUKIER TN i fh fh BE (05 (Y 5
%1 RAUKMYER B 4 B G R RO

Table 1 Effect of ozone water rinsing on the color of Spanish mackerel surimi



BRI (mg/L) L* a* b* FIEEE

0 66.43+0.11° -4.510.06" 7.02+0.38" 65.41+0.11¢
2 67.48+0.20¢ -4.5120.07* 7.1420,18° 66,400,214
4 68.04+0.22¢ -4.62+0.03" 7.67+0.37" 66.81+0.29¢
6 68.640.11% -4.70+0.05¢ 7.24+0.35° 67.48+0.11°
8 68.82+0.17* -4.81+0.07¢ 7.77£0.20* 67.51+0.15°
10 68.54+0.11" -4.82+0.03¢ 7.88+0.14" 67.21+0,13"

TE: Fep i p RO T bR R AR A RN TR N EREE (P<0.05).

R VP A L BE R R B SR b, R AR T B AR IE L — . i 1 AT, SRR
(0 mg/L) MLk, SE/KEE)E M EREN A AN (P<0.05), B REKERE DTS
fif ot BEO . B AUVTR IR UK T ARy A RN, Zhang SCVRI R EUKIEBEE I
fik 11 £ JBE (1 ) S, 1) AR O A T R 48 SRR SR 1 RE AT BT n, 355 AR T A SR AR
B REUKISE 0 BE R i 3 2R R R SRR B S s A AN L T Bk B HUKIE K,
1 HL 5585 7K R 2 7= A 3% R 2 1l i 8 o R UL 2 1 R0 L 20 2 1 F b ik g U1, i 25 Bk sl
WL ) 3 B R — ML 3K . T 6 mg/L BL b B 5 S0/ o 1) df e B ) R A 2 0 AN K
F SLEUKTE 6 mg/L LA Lok o) SRR 1 it v ol £ I8 1 PEE A

2.2 LUK ERGERT il f BE SRR HI 2

BTS2 — R B A S A R G, WTLLA T 40br . IRARS I R MR 53 . PENS HLF 8 R
BEAH 10 MAFRE B R FEEESE R(D~R(10), AR ERLEY. BRELEY. /XK,
e, mEEUR. WERAGY. LIS, B, AU R RS B BURWRN . & 2
LA B AR A R R, RRZH (0 mg/L) FFESAIY RQ2)WA R K, K2 R(6) R(5). R(1).
R(3). R(10). R(9). R({)MNifE. PfidE SLEKIREEMIEM, R(1)s R(3)s R(5). R(6) I R(9)M[H{E I
RHERE, KPP EFRILEY. B HEEe. BFRAEY AT ST & R ERIK,
T AX S o 5 ) 0 PR AT DT R, X 13 B S SRS R AT 28 2 i i £ BE AV fr k. X — 5 L
PR T LU R AL M B 80T B REEA FLUL AR L5 R0

F 2 RFEIVE R FUKIER YR 81 # & BER BT B B8 v R (B f R

Table 2 Effect of ozone water rinsing on electronic nose sensors response valves of Spanish mackerel surimi

LR

SLETKIHEEE (mg/L)




K5 0 2 4 6 8 10
R(1) 1.54440.046" 1.451+0,010" 1.35540.008¢ 1.325+0.008* 1.309£0.012¢¢ 1.291+0,016%
R(2) 4.750£0.515" 4.986+0.129* 4.23940.246" 4.402+0.124° 4.505+0.8400 4.356+0.326"
R(3) 1.500+0.039* 1.386+0.020" 1.317x0.012° 1.2840.008 1.27020.006 1.254+0.012¢
R(4) 1.102+0.022* 1.119£0.015° 1.112+0.0342 1.094+0,0122 1.088+0.003* 1.OBT+0.015*
R(3) 1.8760.134° 1.5210.062" 1.4210.040™ 1.339+0.015% 1.320£0.012¢¢ 1.285+0.012¢
R(6) 2.02120.115" 1.92640.029° 1.667+0.020" 1.602+0.003" 1.570£0.032" 1.51940.046°
R(7) 0.08420.011¢ 0.102£0.008° 0.1260.002* 0.128+0.0032 0.131+0.013* 0.139£0.005*
R(8) 1.427+0.038* 1.424£0.026* 1.332+0.009" 1.337+0.008° 1.3340.019" 1.319+0.028"
R(9) 1.428+0.044" 1.355+0.024° 1.297+0.004° 1.291+0.014¢ 1.283+0.017¢ 1.2700.012¢
R{10) 1.444+0,022° 1.480+0.003* 1.454+0.005" 1.447+0.009" 1.442+0,017° 1.438+0,013"

PR S R A WOR B ol SES U el

F—irh AR NG RFoR R R E (P<0.05).

2. main axis (Variance: 5.16%)
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Fig.1 PCA plot of Spanish mackerel surimi rinsed with different concentrations of ozone water

FE RS 4T (Principal component analysis, PCA) J7id:a] LA 5Il 3% 40 B 48 s (AR Stk o b J2 £ 32
TIRRIA o REAS )R B AR TR I 1) £ BE FR 1 B3R b 4T PCA 204, I 1 7T, SE—E sy fisg

— E R TR A BIA F] 94.43%1 5.16%, A TUER N 99.59%, FT 85%,

Frér PCA ArHiEEsk.,

AN (1R R S S A IR ) g £ BE SO A AE AN AL X, S LS PR . IXRW T 5
{1 2 B 43 BT RE S A 280X 43 AN TR 94 FEE SR S /Kt 0 g i BE () “ORRARFAE , [R1IT T 9 AR [ 9 P2 B S K



DL g0 BE AR IE R A B & £ R

2.3 SLAUK Rt iRt fh PEEH 0% M 400 I ) )

Table 3 Effect of ozone water rinsing on the volatile compounds of Spanish mackerel surimi

R 3 FAHRERE KRV A BHE R Y R

FERAER A R (uelg)

s 250 (RIS E]/min R SLEUKHE (mg/L)
0 2 4 6 8 10
1 4.4518 HiilE 0.365 0.709 0.432 ND 0.973 0.795
2 5.7786 1E G 17.320 10.115 8.492 11.119 13.826 17.308
30 Mk 72783 2-CUlA R 0.185 ND ND ND ND ND
4 11.7198 1E¥EE 1.591 0.711 0.788 1118 1.075 1.549
5 14.8 Tt 3.183 2.085 1.630 2487 2.646 3414
6 3.7365 2,31 fR ND 8.314 6.396 4.359 ND 10.663
7 3.5519 1- 18 §5-3- B 3218 2910 2772 1.960 3.367 4.892
8 7.8088 IET ND 0.563 ND ND ND ND
9  E 7.889% IE ND ND ND ND 1.326 1.156
10 11.1315 1- 3 453 2,899 ND ND 1.908 1.918 2.115
11 12.5964 2-ZFECfE 1.743 1.002 1013 1.347 1.260 1.125
12 12.2851 IR 11 0.547 0.153 ND ND ND 0.382
13 I&EFE 125274 AR 2.270 0.099 0.101 0.084 0.179 0.136
14 24,4443 1=+ 4 ND ND ND ND 0.078 ND
15 4.5442 SSUEE St} 2328 ND ND ND 0.254 ND
ERiLE
16 10.7046 = 2.062 1.401 ND ND 0.635 ND
17 FEZE 113505 1A% 28 1.202 0.560 0.614 ND ND ND



18 32416 S R 0.152 ND ND ND 0.056 ND

19 37.942 Cof R 0.188 ND ND ND ND ND
20 5.0057 LiFS 10,279 ND ND ND ND ND
21 7.4398 A I 0.583 ND ND ND ND ND
22 FHFE 7.6706 [A] — g 0.414 ND ND ND ND ND
23 12.3889 A Y B RO 0.400 ND ND ND ND ND
24 25.8634 2A4- T RUT A 0.182 ND ND ND ND ND
25 2.5138 IE L 22414 ND ND ND ND ND
26 8.7204 HHEGE ND ND ND 5.952 6.385 6.149
27 17.5571 + ke 0.632 ND ND ND ND ND
28 19.749 E=+%5 0.463 ND 0.102 ND ND ND
29 19.7721 Ukt ND ND ND ND 0.268 ND
30 20,2798 =k 0.409 ND ND ND ND ND
T G
31 22.8755 + P9k 0.546 ND ND ND ND ND
32 29.9012 iR ND ND ND 0.314 ND 1.465
33 29,7858 E+tk 1.892 ND ND 1.538 0.793 1.056
34 30.6855 1-fl 5% £ ND ND ND ND 0.130 ND
35 31.4701 IE -1 0.259 ND ND ND ND ND
36 32,6929 E=+—%e ND ND ND ND 0.047 ND

i ND #aiftii,

it BOAIE B KT e xe k£ E IR (RIS, SR GC-MIS 3 A ) 348 F&F 52 S /K e 1 o £ £
FERE S R 3 R M R R S B BEHEAT TR, e 3 WT AN, P BERE S eh St s 36 PR R
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Fig.2 Effect of ozone water rinsing on the carbonyl content and total sulfhydryl group content of myofibrillar proteins in Spanish

mackerel surimi
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Fig.3 Effect of ozone water rinsing on the tryptophan endogenous fluorescence of myofibrillar proteins in Spanish mackerel

surimi
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Fig.4 Effect of different contents of ozone water rinsing on the hydrophobicity of myofibrillar proteins in Spanish mackerel surimi

10.09% (P<0.05), T 10 mg/L 5L/ GERE &R MK IR HOE A F . X —g5 %]

B R AR T B /K 1T RN B R AP . FERAMEIRER, 996K EN ANS RIJLREF
HE TR R K MR A 6 J5 R A AR SR 6 RN, ) P sk 2 N S UL 4 B 1 R e K M R R
HIE 4 aT5n, BEA REUKIRE RS, WUR L4 g B R s KR UG mb . S5x AL,
4, 6 1 8 mg/L SLEU/KIEEE iR th th BENL £ 48 8 0 R i K YEfR BB 3E 1N T 10.99%. 10.06%F1

AR

P& SLAEK Ak BE S 300 it BRI ZT 44 B 1 20 N B K VE R (] B iR, SO/ R4S & AL g n ;1
i VR BE ) UK R EUVUR S 4E 5 3 7 7 Mg K PR B B 3 i, AR B R0 5, BR/K VR AR
HWE51, A & — 2K S &AL, EBKIERMK. Duan S5P9RBLE M S0 5 BURTH & A MR
ACHEFE A R R, i R UL S BURTE AW R MK MEREAR . S EUKEE AT 58 5 5hE f fh BE LR £ 4
BEE T N AR R %, WRE O 1 B K BARH .

2.7 SLRUKEG it fh BEIL IR £ 4E 8 1 R AR e

A

w 10 mg/L
J\——-’-’“""‘!\\—MM 8 mg/L

ﬁ”ﬂu—hwf“MNwJJ\)\”ﬁmwﬁmm
m#wmfhwmeNva\J\’MNw

4 mg/L

M -
0 mg/L.

1 n 1 i A i L " 1 " 1 " 1 i L

00 600 BOD 1000 1200 1400 1600 1800

A (em™)

B 5 7[RI A S KT Y B IR R AT 2 R B ot

Fig.5 Raman spectrum of myofibrillar proteins in Spanish mackerel surimi rinsed treated by different concentration of ozone

Table 4 Effect of ozone water rinsing on the secondary structures of myofibrillar proteins in Spanish mackerel surimi
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Fig.6 The SDS-PAGE of myofibrillar proteins in Spanish mackerel surimi rinsed with different concentration of ozone water.
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