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Development and applications of HS-SPME-GC-MS technology
on detection of volatile flavor components in aquatic product
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Abstract. HS-SPME-GC-MS, a technology of detection the volatile components, can realize the quantitative and
qualitative analysis of the complex mixture.Based on the understanding of the characteristics of the HS-SPME-GC
-MS technology, the application of HS- SPME-GC-MS technology on the analysis of the detection of aquatic
products’ fresh flavor,the changes of flavor of aquatic products in the processing,the distinctions among different
varieties of aquatic products flavor components were summarized and analyzed.The future development of
HS-SPME-GC-MS technology in the analysis of aquatic product was also discussed.

Key words : HS-SPME-GC-MS; aquatic product;volatile flavor components

hESEE . TS254.7 XERFRIREG A
doi:10. 13386/]. issn1002 —0306. 2014.09. 072

B it (9 JRUIAR 138 73388 0 95 53 o AR 34 A KU 3l 73
R S AR B8 73 P RS, eI BB E T 8 il i
PERFN AR o RER I3 AR 458 4 M XU 3 3t S 4% & 1
XU B3 B TS, PRI T B it B 9 25 P XU e 338
BAE R RURAIF T B B o TS ] AH ol A€ BB IR
FEATR: F R — o ASz I 428 252 A AR e 3 1) 32 22773
AT LASE B B2 2% IR A R 89 o3 o B 4 e M e
SIMTH o EBORAE IR BE R I 1 f5k S 8 LS FH
G HATTE AR AL T BT SE U U T — 2 B

FE B H:2013-09-06  »* il il HBE A A

TEBEB NI EAA(1989-) , &, Bt M LB A AR T @ : RS T
5 ik o

HEEWH.“+—&" B £A3 £ 3#% 5 B (2012BAD38B01 ) ; X &
T B ARA S ALK 8 B (11JCZDIC17800)

368 2014 55094

X E 4 5:1002-0306(2014)09-0368-05

PR . TR A I ) i T R R R Yz, I8 1)
RGN Z2 oAk, R 28 SoRs HEAL i AR 3R

KT A R LAY B AR R B XK
o B XUBR R B B A VE o 7K™ 8 B U AN e 78
TNATIRF K 7 i 04 AT 432 52 AR B, T HL BB A S e HY K
TR AR BT o 2K A A e M XUBR B o ) AR T — 32
FIAMTAE M. PRk, A< SCA 28 T T s[5 AH f4 26 HL
ST AR 1 I B 5 R R, XTI AR SR I R
TEZK T i 342 R RUBAR )l 43 A 0 v (% N T 64T T 8
285, X HAEAK = S 43 BT 0 R T T AT T R .
1 = EEMENSREARARE T

[#] AH % A BU % K ( Solid Phase Micro — extraction ,
SPME ) J& 30 4F S 412 H1 i — Ffg 288 i 4 o 1T A 3R RN
SEHAR B T ARG A e A RO, TS
[E AT A% B ( Headspace Solid Phase Micro—extraction,



@é:“@ﬁl

tEs &

HS—SPME ) P5| 22 I 7 J2 4 £ 4 Sk 72 58 TR S T
A4, 2 B AR U — AP 2R B . ZEBBUZRAR
PEAFLURH P R, 1) P 2K BET 4 Sk R A o [
AHAE g FEAH I B3], W5 A i v % 322 2 P sl e 4 R
W53, A5 i P B AR 2H 4338 o A% BT AR s 0 I
S, FETT S ZE I . SRS AR ST AL PR TR A L,
IZB AR PRVE B TCHE A HLIE A R R EETETR
FLE JHFERE T, AT DA SE B3 BURE 45AT o

S A% ( Gas Chromatography , GC) 3= % F F
LR ST 0 BT ) 43 B RN A3 BT, R ) aE R
R 43 B, ME DL AT & PE 43 AT, B 3% ( Mass
Spectrum , MS) W ELAG 3R 7 B 55 2 HERE 7 58 B9 45 5.
BB AL BB T B — 1) 2H S0l HE VR A ) e, T
BT LR 424 B 0903, 45 20 T8 4 04 53 B Jr vk Fl
ZER, AR R B “ o B AR RS, B
SEASAH TR A ORI RS, AT A B B R AL
H GC W5 HEA MS [ = RS, 72 58 il 2445
RN ST AT AR T A

P02 B AH M ZE B 5 BB I EE R AH S, &, A
VLS IRXT L S B ZE B 43 85 L B OFUE MO T 8 — &
FUBFSE o PRIHG, T0UES W AH T8 ZE BB B FH AR (LA
PR HS-SPME-GC-MS) & 288 ¥Z W JH T4 25 8 i
EOEZ & i s il s VT UL S S I Nl G W 241
HS—SPME—GC—MSH ARTE K 7 i 48 % P UK 47 53 46
e R o
2 HS-SPME-GC-MS fE/K = miE%E X
WK 4 oA ) AR ) Rz AR
2.1 AE#K= @RS

A= K s o AR ST ORUIE T, EOR W R v
B4 T B R o kR Ak Ak A W AN B S ) I 2H R
. FIH HS-SPME - GC—MS 7 AR X ff 7% 7K 7™ & 1)
RURFEAT 5387 , i 5 L XUBR B 43, BT SR 7K™ 5 B9 o BT
5% LA Rt — 25 i T AR PR LR A B

W 7 ek 2 e i 1 A ) A A ) P P
A3 40 B, FEERLEIEE RS EHERMALED N
i, Hp &R ST E TMA TR
DUk o XU ZFA5 0 e i 38 3 £ G 4% & PR Sy 60 Al
X SE AL FERE S (S s BRI IR IS A, Horp
WES (FE2S RS R, R AT A0 1Y R SRR R
Ry LR ORI MRS, T 1 - -3 -
O T 250 A4y S e 5 R A 1) SR B 40 R T AR
SESTRGIN T AL MR AR Sk A% S P IR B, Hoh A A
RS 18 Bl WS 14 Pl EAS 8 P WEE 6 PP PEAE S
FhLA B — 25 A B mAb G 55 . P IS (EE IS AN
WSl 1 b UR Sk R AE IXUBR BT ik 82 K. Linder 251
SIAT T DA B A A B, SRR ) 34 F DL
SRR SRy 3 0 A -G, 3X B8 B 53 T RAAE Sy 6 3 s
DR XU 46 B3 4, Sfe i B L BEIR B, Song 2517 43
Mr THta | H A EL B P 81T Fn i £ 4 R fa ST
REFTAIL I LR A i 4 PR i 43 DRI FITIL IR v 4
SRS AN TR Fh 28 RN & &L i 2 R4k & 8, 3143 50 i
A U AR R SIS E R LA A 08 R R e B, 2
SR tep A5 A3 BRI AIN 2T S )N B £ Y A 5

Vol.35,N0.09,2014

PRI BEAT T T SRR W, X 4 B g 4% K vk
IRUBR 38 43347 AR SIS (e 2Is L R e e ok 2 A EAT]
5 1 HA R R IS A T BRI

Al UL, HS=SPME~GC~MS $7 A AJ LL XS 6 7 7K 7
i B XU A7 AG I, O B XU il oo 7 2 B 7K 7™
mi R IS (S keSS RS AN o A (R A4 K
PR BOTE ROR IR DT R AT AR PR R . {EAS R B K
mt FITINAS A% R P i o ) R IS AN BCRE I E AN AR ], A B
HE ORI, X WA B T HS-SPME-GC-MS £
TN SE A% K A il o ok A v A SR | TR PR, S gk
— N R TR
22 KFE@mMIZEPHIRREL

TR AE N T A A b2y A As — R ) G XUBR AR
1, R HS—SPME—GC—MS $ A A LUAG I 21 7K 7= iy
B AU 8 73 1 28 A o I T ) s B KUK E 4 23
AT LU AU 73 A7 3 W00 HG i Joit 9 A2 A, 2 PR
i g B — R B

ASH RS FERIF 5 v S IR R o £ JBE S e R v i
EE S L R G/ MDis] SN L SN TSN b ST 7N
TR TRy AT ¥ 0 R o) e 0 0 JBE 4 A MR ) TS A IS
SRS /)N X8 AT — 5 WY RE IR 5 A2 228 X6 2 i) £ B8 4%
FANELL AT R SEFIAR T 5 B R i R, SRS %
ARG 7 £ R AR A B 95 P XU o 5 A A
Ik ARG 5T Ak a Y, K R, R ARG
Y Rh ISR S B IG, B A G W T TR X
T 2d Jm 7w EE . Kt 6d ifAG i 61 A fk
GV BT RGN, R A B — 2 S B S . X
B A AT ot e i ) XU R T 2 R R A AR
EWIEAT T AE . ISR, FURFN e b S
S A e, I A XU G A R SIS RIS (TR 2
G0 & BT, SRS MR I R ML S B
HEFRAIG, KR AR (L AR B 535 . Guilleen 251 3 2R il (1)
St NS A DT T AR BT, WF 5T A B, M A S A
A TESE A SRR, RO R T A I RS
YL B disok A & 10 0 IR AR ) A5 3, 3X 2 W 5 ) [
FEY RS T L A S AR R B KUK o IF S R T, A TR
7 A2 X 7R 5 il B AR 7 A A T 199 52 i), 45 331) S
TEHE ) AN SR A v, U227 A AR R A28 1k o

it SCIE A5 BIFGE T B A A v e o £ R R
IS HIARAE . WTTE I, i i JBE v R A o L
BRI ANBESE R T2, B A R U G0, 35 5 Al 14
PSR o R /b o 2o PRV IS B Y 32 B R
oA A RO T P ORI = R TA) B 47 A A i o
ToR 325 S, DA R £ £ JRE A ™ v R SR FH IR
BIA], Palmeri 45 #F 5% T f0 (g ME SR 5 20 K (4 BTk
TEZRK T R 9 I 1] 458 PR 28 % e A7 36E £ R IXUBR 1Y) 52
mp , He et 20 FlAH G (AR S 0 A3, IR
BK 5 5T B R SE Ab 5 1 B 2 B S R RO, T MR SR
WA T UE Y TEERUE RSREE A RN 3
2 B XU 3 A A R AR A X BB A X 7K
mn N T HA AR R B2 A48 S8 3

LAk, — BB K i B A 5 )T RAH 2 5 1%
AN BLXUBR , 38 3 3 24 59 00 8RB b BRS 53 #r

20144550988 369



I@&’MM&

Science and Technology of Food Industry

HAR A ARk, 1T Shy SR HOA 350 ) 185 it Sl 2 5 AS B XL
R FIHE— 22 TF K 7K 7= S H AR 3

FEABYGEE WEgE T Je % %2 JF 10 87 S B BE 5 &
PRSI ARt . S5 R, B IR BN 8d I, SE AN
TSR T, AR TR R XU ; 28 H
W R T RIS A T RGN, A R T R A XU (1 T
I3 P O IS = B ARG L TE R T AN R AR 11 U
TER 2L o P22 461 bty £ 10 RN BRGRTT e B9 37 22 1k
YIRVEAT T 508, & Bl Aa A IR R | 355 % i 4 26
B, RS W T A A UM RS R A . R R
) 246 A Ay = A U R 4 o A i a2 T
VR /D o IR B R L B 2 0 55 o it S IE AT ARG I
FMIMEFE S B R EFEAH H, 7T DLy 20 B A 1 R 3R 40
(IS AFIIE D) 1% & Pk B 43 B B 208 Fn 27 B, DA 7T O
ZINIER BRI, At R A A A XU o R E, fo pA) R O A R
AW SR U B T B A R 7
L4k DA, IR i T el e FH AR FH il i 3K
BT o X SCAE X AN R BRIR B 0 A S R
WIRIAT T oMo T SR AR 00 3 BEAE R R oy
JEEISAIEEIS , LAV B i S o 32, A5 TR 755 100°C
b F R 2 A A 1 S B A P R S R TR IS R T g
2, AR B A8 A0SR A R, A A RN A R B 5
150°C Ah (14 1 5 44 5 1) 3 2 4 O 1 4y 2 T 25
I G Y, LAHAR B0 A2 A A o B &mniE b
R A 5 A 0 TT LA T5 — SRR PR AR
2.3 AREFZEKF= @R X 5>

AR 7K 7= S B B 4% 2 1 4 b 26 T L e o
FEBIARTR], Ry T R 58 ALK 7 5 1 45 AR B ARAE, T
fif AN R RR 2 K 7= il 22 a] XU 77 7F 18 22 53 Pk, v DLGE
T b LA 2 P 4 TR S i A TS AN TR K 7 A
RIR B AL G 1, A S X P i X A [R) 7K % i AT
HFH R I SRR e T A AR B,

SxESE Sy ) AE T g RN ) b % s 37 Fh RN
30 Fhg e ey, Forh S i o0 9 B, SEEE (%%
P | EE B Bk R 2 TR TR A5 ) O A A PR HR T A
WEE R AG H o XBHER S BFSE T W SR Ty il 5 41
15 AR Bl AR A3 A 25 57, 40 AR HY 28 BRI 49 Fh4
A Ay, HR R 2RI 28 43 0 S A M ) T R Y
FFWSY . FRRAE R T T 3R A 3 R R 1
PR AT 225 o T BT & RUR 4 5 14 LA
FRFLA AW FNEEIE SN T, (H 37 58 1 SR A A 1) O T
(E)=2— 205 — 1 — P 8 i 1 0 5 o, PR 7y A 0
AR I T SR AT
2.4 KF=REERIEM

TR T dtn b B 88 VAR S5, i BN SR SRS, AR
TN B A5 3, I 2 B T 5 R RR S R B
Srla) I, AR SR KT SRR IO A bR 2 —, TS
IR it K 22 HLAT LIRS P VAR s R, A IR TR, AN
Ve SR K= il B 2 AR RN A S G A 4 s ) T DR
A= A AR IR 4 2 PR IO, (A5 45 2K = SRR A 1Y
RURARIR , FF4f H B0 S0 R AU Bk, AR H8 00 <2 HH
TR St T 3 R T A 2 P R4, DX A AN TR I g 2%
A4 R D R ) ] FA) 7K 7 o, 28 5 K = i AT B R, T

370 201452008

tEHE &

JEE R, TE K it SO RS F g P Bl vz

K i R AR [T e ) 3 A A B AR £ P 4
KM I HEAT T WFST, HER e X T R Ol A 8
R FAE PIRE B &E” A L g, WL = T
T (545 15 i SR AE PR RE 8 WUC 1 A R 4 e
J5i . Duflos 25 J3H7 T 18 UK 45 12 058 A4 2 655 i)
PR S M T, AGI Y 38 il 5 T e A 4 ) RS
[R]85, T A Sy A5 < JBE AL A 5 1140 45 2% 1 49 It ofe )
1) 65 (14 3 606 ¥ . Zhang Zhoumin 28 437 T 41 M5
TENE 40T B0 4 2 P B 43 B0 R 24 R 55 ik 0 78 Ak, P
WK R G AR R . %A SR e s iR T
FE T FAAK 77 5 18 A 390 P9 4 2 M i 4 9 AR AR
Wierda 2577 S0 07 T IR HE PR IR U b o fik g 4
FeMERSY A Ak . % BRBE 25 B A7 I (E] A9 2E R, AR F
sk ST B 1) L s 2 RIS 25 b & W 10 B e BEAIR, T
FRFE T e I 1Y 3 - BLT R N2 R L 2
WL IR RGN S R T & B TR, R
HS—SPME— GC—MSH AN 7K 7 i 37 6 J& HEAF VR I,
T LRGN 28) A M i 4 1 AR A, < 9 6 B4 B Uk
F I P ARG Y, AT 3 P ) S SR R

TERLIERN |-, — BERIF 58 2 2 3R B T 7K 7™ b ff B
Ap Al i B R R 7 ) 1) B AR AR, B AT e A
SR AT AR 11 A G, T LR 482 FH Sk BE A K R L 1
HTEERE . Iglesias 252 307 T 45 0 A AL A 9% &
PERLSY , B0 1 — I -3 — B .2, 3 — 1k R A 1 -
I3 — Ity fik 5 Ak 2 A5 R 26 3 A 56 , BRI 4% & 1k
A3 B 7 A RT LA S M 8 B fa P R T R R A A
Edirisinghe 25 J3 47 1 V75 i 72 b 85 65 4 40 0 09 4%
KR B AS Ak o A3 BT 2 W, T T G 9 6 4 4 A 1Y
P RIS O I B e B s, T A E) 30.90% . B
b P 40 A, 0 T e T S A, S T )
WA, Becne Z200 K I Tk £ N O 6% 75 I Ak
e R M RS 0 A A, S BIE G Ak R v A T e
FeALA . KD 4% S 5 0 TVBN f4 45 v 7 s
AR AR S, 26 B X — J7 1 1T LAFH T 0 20T fif
JE BRI, Triqui 2550 4G I T vk G B0 6% 0 Fnvb T
£ 7E I e R o 1 5 R M LAY 1 A A . ST b R 3]
T AR TRR B R R R AR R Mt S i, B S
iR B B R AR
25 K=EGiEMIFREB

FRIT, XK 7 S T FsE AR £, 82 xf K
7 PR AT I A | A TR S A B, LR R SRS,
T %2 7K 7 i VR R it 25 B4 B Al

X i 45 b 6 MR 2 OV LA B 28 AR I 2R 11 1l
Tl 2 1 T e P T e B A A T A R PG
PR RNER A VEAT TN AE . WA S 35 & P4y
TR M 2 R 3 2 & L & AL S g . Ty
A IR AR 14 1 2 A 4 %) B e sk 2 45 il A
W R T 42 B o A [7) 1 A 30 XU A7 7 22 5, G
PR TCER 1 TR ¥ ) XU e o ) T R 4 Fe A
TAGPESE F FRDRS A FE 3 R U 0 X B A R
e A S B 0 PR S S 4 SR e I, B g XU B 43
FE B BE R S RN 2, 5 R R 5 S A OC 1 a4k



tEs &

@ézﬂfﬁil

BYIE B IE O 2,6 T AT 2,4 - B8 A
P o Xt Eb B, W e At R S SR SR A, U R T T 2SR
il 25 4 S 1 e 2 R0 i Y8 R s, 5 R R A S 1Y
PURHIb & W0 AE NI H A A H o 8 43 2R 4 i B
10 B, 1 B A T v 4 R R Ry AT T SR, SR
69 P4 My, FE R — I L S S
& EALE Y. AT IAE T 0 DL 2% AP 1 &
KA AW, AN R TR BRI 2,6 — H Lt
e ARAL T 3R 4 SRR P AR RS, S
T EAEX A I 2 A R R I B ) = W . B aR
AT RS T R N G UL 2% 25 W A VR R4 I B
mi, ZEIRFW, LSRR TR KRR .2
iR T8 T 1R LR 4 — &M R S B R iy 45 19 Fhte &
P ITASE i AR Y R I 2 RIS (EESS . Rl A
JEBR 9 = FF I & i B, (ST AR S
3 RE

bt 5 LA B A 9T 1 S Wi R A, HS— SPME - GC
—MS FHAR BT AK = S XU P T O 28 18R Y R R
AT FAEIK 7 5 2 XU AR T # 45 A J Ti H A
TARLF AR . 4 )5 HS—-SPME-GC—-MS £ R 77K
FEE AT L B B2 BT A LR LA O T B AT B
5T K= b A AU BR B ST b 28 K 2 5 R AN () I 2K R
S WA ZE BURN 53 88 S ] LU s s ir s 2 . |
Bl , Z250RE S AR ZE IR 22 R T VI B AL P S 75 3R, 1%
) TCIRE I, T B2 X HERE &R S DA ek, 4 H A
FNTEHIAb o TS [ A A 28 BOAS 38 TR D00 [ A A6t v
MEFE S 253, 5 5 0 i B AR R i H e AR BT 2R 4
AT ROR 2 TOU 23S [T A B A B 3 , Tnsie dese 4 R
FHI R 18— HS— SPME - GC—MS $Z A K 1 {4 v
HOOL PR L ERAASY . XFP S H ALY 4
BT, PR T HS-SPME-GC-MS $K 19 ) FH
[Fl. HS—SPME-GC—MS AN ZEAK ™ i 52 vh &
VRS 8RR,

&% 3k

[1]3kic3e, 545, % S8 B EREARALEL S ks
Mg B[ J]. A SmAE,2012,33(7) :289-298.
R2]4F2 FIR,TE,F AMBRERAERSELELS
W Ty @A R [ J] AR 5 b g ,2010(7) (44-46.

[3] Wk gk, FFARAR P 4 0% 4 2 1 38 500 KUk R 9 5 A7
[J]. & &A% ,2009,30(20) ;308-311.

(41303, AR, B R3F, 5 7 & R B S A2 LM AR5 97
[J].A&%A4,2012,33(16) ;142-145.

[51M7 R, ok, TAE F NEZEMBER—AME
W i R ACHLIF I Kk W B[] A F 5 AT AR
r4,2011,39(12) .1852-1857.

[6] Linder M, Ackman R G.Volatile Compounds Recovered by
Solid - Phase Microextraction from Fresh Adductor Muscle and
Total Lipids of Sea Scallop ( Placopecten magellanicus ) from
Georges Bank(Nova Scotia) [ J].Journal of Food Science,2002,
67(6) :2032-2037.

[7]Song X A,Hirata T,Kawai T,et al.Volatile compounds in the

Vol.35,N0.09,2014

hepatic and muscular tissues of common carp, japanese flounder,
spanish mackerel and skipjack [ J ] .Developments in Food
Science ,2004 ,42 ,209-222.
(8] k4, Tmm, X &%, F . &P o IE L HRRRSL
[J].7K = % 3k,2012,36(6) :979-988.
(914, i, R0, 5 TR 2 B AR B 2 IR — LR BR R o
ST AT AR E B B R RSN alT] R,
2011,32(12) :264-268.
[10]3%kRIm, £B4%, 25 5,5 . &4nm 1L 7 ok
Jr e 5 A7) ]. A4 Ae i 2 ,2010,8(6) :63-66.
(1] g4, 246, F a2, 5 BAMER- AR AENE
FERTRHITELERY GBS HTA[]]. £ &H
%,2013,34(10) :250-254.
[12] Guillén M D, Errecalde M C, Salmerén J, et al.Headspace
volatile components of smoked swordfish ( Xiphias gladius) and cod
( Gadus morhua) detected by means of solid phase microextraction
and gas chromatography—mass spectrometry[ J].Food Chemistry,
2006,94(1) :151-156.
[13]36 X 2 Ao, RMR 5 2okt 2P H & & JEAER I
R EACH AR J] A e T A ,2009,30(12) :376-384.
[ 14 ] Palmeri G, Turchini G M,Keast R, et al.Effects of starvation
and water quality on the purging process of farmed Murray cod
(Maccullochella peelii peelii) [ J ] .Journal of Agricultural and
Food Chemistry,2008,56(19) :9037-9045.
[ISTA e, B2, ERM,F RFFEEHT RN EEL
MR o AL ] A A5 ,2011,32(14) :215-217.
[16] % T4, &, 04, % .HS-SPME % & GC-MS % 5 47
b A AT B B MR 4 R AL[T]. R & A5, 2012,33
(14) :242-246.
[17]#XE, 248, 0T H, 4 8y XS Rrbd s nE
KRR Ea[1].K = 33 ,2011,35(3) :456-465.
(18] %) 5, SR BLA, TRIEF , 5 95 kiR Mok 4 R #9 GC—MS
ST ] AR S 4R,2013,27(1) :81-87.
[19] &M, ok, AA T, 5 BRELERS R[]+
E 4 4R ,2011,11(1) :233-238.
[20] R 3 &, 248 , X1 R 050 77 6b 15 21 6% A o7 66 ALk A
» 2 FHR[]] AR5 ,2009,30(22) :335-339.
[21] 2%, 248 , 3R, & FRAG R RTEE &R Aok
R eg e[ J]. 2 d T kA3 ,2010(5) - 76-80.
[22] e, b db Ak 38 AR LK = e S A P 09 5 A
[J]. A &5 HuK ,2012,28(5) :227-230.
(23] 3k dh il R B AT LI L K 00 & 1) P AF AR AR R M 0
B[ J] A s T kA3 ,2012,33(10) . 79-84.
[24 ] Duflos G, Leduc F, N “Guessan A, et al.Freshness
characterisation of whiting ( Merlangius merlangus ) using an
SPME/GC/MS method and a statistical multivariate approach
[J]. Journal of the Science of Food and Agriculture, 2010, 90
(15) :2568-2575.
[25]Zhang Z,Li T, Wang D, et al.Study on the volatile profile
characteristics of oyster Crassostrea gigas during storage by a
combination sampling method coupled with GC/MS [ J ] .Food
Chemistry,2009,115(3) :1150-1157.

(F4E% 376 W)

20144550988 371



I@étMMﬁ\

Science and Technology of Food Industry

[22] 303 i ok FrwBoh & My B B A & S A7 8F X AT AL
[J].7K = %47,1995,19(2)153-159

(23] B A% BAHHEREZMNT & X EAHRL[T]. 2 AH
2238 1996,14(3) :358-363

[24 ]Sarker D.Development of an amperometric enzyme electrode
biosensor for fish freshness detection[ J ].Sensors and Actuators
B:Chemical ,1998,53 (1) :58-62.

[25] Carsol M A. Amperometric detection of uric acid and
hypoxanthine with Xanthine oxidase immobilized and carbon
based screen — printed electrode. Application for fish freshness
determination[ J |.Talanta, 1997 ,44(11) :2151-21509.

[26 ] Nanjyo Y.Rapid measurement of fish freshness indices by an
amperometric flow — injection system with a 16 — way switching
valve and immobilized enzyme reactors [ J ] . Analytica Chimica
Acta,2002,470(2) :175-183.

[27]F 7 ATP Riftdh & 3586 £ M 1 R 35 09 BB B AL & 1) 8F
JEM e R [T].F B RS 4R ,2008,8(6) :48-52.

(28] vt AT A 4L RIS RAAMBARHIL[D].
% 3k Tk X 5 ,2004.

(29 4eAe A b [ R Akh ez &[] & F AR
F4R,1998(11) :17-19.

[30] B A4 A v 5 F Heak abin 3 K & 88 64 7 i A [ )],
iR R FFIR,1997,6(3) :217-222

[31]Niu J.A new approach for the determination of fish freshness
by electrochemical impedance spectroscopy [ J | . Journal of Food
Science ,2000,65(5) :780-785.

[32]Martinsen A G.Non-—invasive measurements of post—mortem
changes in dielectric properties of haddock muscle—a pilot study
[ J].Journal of food engineering,2000,43(3) ;:189-192.
(B33 371 I)

[26]Zhang Z,1i G,Luo L,et al.Study on seafood volatile profile
characteristics during storage and its potential use for freshness
evaluation by headspace solid phase microextraction coupled with
gas chromatography — mass spectrometry [ J ] .Analytica chimica
acta,2010,659(1) :151-158.

[27] Wierda R L, Fletcher G, Xu L, et al.Analysis of volatile
compounds as spoilage indicators in fresh king salmon
( Oncorhynchus tshawytscha ) during storage using SPME-GC-MS
[J].Journal of Agricultural and Food Chemistry,2006,54 (22) .
8480-8490.

[28 ]Iglesias J, Medina I.Solid- phase microextraction method for
the determination of volatile compounds associated to oxidation of
fish muscle[ J ] .Journal of Chromatography A,2008,1192(1):
9-16.

[29 ] Edirisinghe R K B, Graffham A J, Taylor S J.Characterisation
of the volatiles of yellowfin tuna ( Thunnus albacares) during
storage by solid phase microextraction and GC— MS and their
relationship to fish quality parameters|[ J].International Journal of
Food Science & Technology,2007,42(10) :1139-1147.
[30]Bene A,Hayman A, Reynard E,et al.A new method for the
rapid determination of volatile substances: the SPME - direct
method ; Part II.Determination of the freshness of fish[ J |.Sensors
and Actuators B:Chemical ,2001,72(3) ;:204-207.

376 2014200

tEHE &

(333K % A FLATH PR o & 8F B 09 X I AF S0 [ J]. Rk T
254k ,2013,23(6) :44-48.

[34])ikmim .2 & & AdFR2 58 F ARG IEFR[T].

P E Rk K AR ,2011,16(4) :153-157.

[35] B KA A Tradudd ey kK & 47 6 F iz il 2 4
[J].7 AR A2 ,2013(1) :191-193.

[36] T4 HuI o MHRKERNL AH R4 P09 5 A
[J].Fg & T ,2006(11) .8-9.

[37] 4 E R A T sh g g K3 & 3 8F IR AL A [T ].

BB A AR 4R ,2012,3(6) ..

[38] 284k 3R E 4 sh e ik Bk ARl o5 10 P 48 00 3 K e
42 [J]. 8% $4k,2009,29(10) :2807-2812.

[39 ] Patil A G.Nondestructive estimation of fatty acid composition
in soybean [ < i > Glycine max < /i > ( L.) Merrill ] seeds using
Near— Infrared Transmittance Spectroscopy [ J].Food Chemistry,
2010,120(4) :1210-1217.

[ 40 ] Sivertsen A H.Automatic freshness assessment of cod( < i >
Gadus morhua < /i > )fillets by Vis/Nir spectroscopy|[ J].Journal
of Food Engineering,2011,103(3) :317-323.

[41 ] Leroy B. Prediction of technological and organoleptic
properties of beef < i > Longissimus thoracis </i > from near—
infrared reflectance and transmission spectra[ J ].Meat Science,
2004,66(1) .45-54.

(424240 . SR8 F Lo P 4w 7 sk ey bR AF R[] ].

B A AR F AR ,2013(2) 427432,

[43] A 4% A i Reg A 0 e & 3w R [ 2].2007 5 &
BAFH AL F 4, KiX,2007.

[44] AR E ILRAL L3 itk 5 A7 A2 R il o 69 2 A [T].

AL AT 2010(1).

IS S S IR SIS S = S S I S S e e e Sl e = S e SIS e S =

[31 ] Triqui R.Sensory and flavor profiles as a means of assessing
freshness of hake( Merluccius merluccius ) during ice storage [ J].
European Food Research and Technology, 2006,222 (1-2):
41-47.

[32] Triqui R, Bouchriti N.Freshness assessments of Moroccan
sardine ( Sardina pilchardus ) : comparison of overall sensory
changes to instrumentally determined volatiles [ J ] .Journal of
Agricultural and Food Chemistry,2003,51(26) :7540-7546.
[33] %) e ds , AL4E, M A2, % HS—SPME-GC-MS 47 £ 4F
B R AR R R [ )] A A4 2012,33(14) :175-180.
[34] %) m i, A5, 7 ad L 5 & SUR b & 9 IR A9 ok R,
SREBBGHARL[I]. 5 X8 T 1,2007,33(12):
94-98.

(35198 A, 2P, A, ¥ . F Ik &85 MR P ERKER
o[ 1] &At 5 ,2010,31(18) :342-346.

[36 1477 .06 M 3 A i vk o & S 0 A L L i T BT R
[D].AM: 3z T K5 ,2007.

(3714 R4 ATHr , &R TR Z B 4B - A48 & % - i %
BRASW AR BB N AL RTHEARS[T]. F RS
F&,2007,7(3) :132-137.

[38]3k4&, 4k, dh , & OE A8 - TR B AR ER- 2R
TR il & Ak £ Bk Ao A [T]. K A & 4 53R, 2009, 33
(3) :449-454.





