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Abstract: The volatile components of salmon fillets were determined using headspace solid-phase microextraction gas chromatography-
mass spectrometry (HS-SPM E/GC-MS) combined with the electronic nose technique, and the changes of volatile components during storage a
4 °C were also explored. The results showed that the 288 types of volatile components determined by HS-SPME/GC-M S mainly consisted of
aldehydes, alcohols, and hydrocarbons (alkanes, alkenes, and aromatics). Additionally, during cold storage, the volatile aldehyde content of
salmon fillets decreased continuously, acids showed an increasing trend, and alcohok and aromatics showed a decreasing trend after initial
increase. The maximum peak area value of the hydrocarbons gppeared on day 12; esters gppeared after day 6 with an increasing trend; the
contents of amines and other components fluctuated greatly during cold storage. The volatile components of cold-stored salmon fillets, detected
by electronic nose, were analyzed by principal component analysis (PCA), loading analysis (LA), and linear discriminant analysis (LDA). The
obtained results were consistent with the results of the HS-SPME-GC-M S method, indicating that significant changes in volatile components
took place on days 6, 12, and 15, which were the inflectionpoints of the freshness of salmon fillets during refrigerated storage.

Key words: solid phase microextraction; gas chromatography -mass spectrometry; electronic nose; salmon fillets; volatile components

Wi BEA: 2014-04-29

HeTH: EREANFESEENFES (31301572); hEBLERZFRS (2014M552302); “+=H” ERRHEZETR (20128AD29806); S&EiiE+
FNSTTRES (LR (20113326130001); FRREAEARRIS BE A EZE) (DC12010303)

fE&TEN: TEE1978), &, HL, BEER, EENEK=RIOEIN TR RE R AHE K5

BRASEE: R (1964, B, HL, %, S, TENEK=RIOEIN TR FRE 2L A HE TR

249



M EmBHL

Modern Food Science and Technology

2015, Wol.31, No.2

— 3 fa(Salmon), YIS fask ¥ ], S abEf,
JE Tt A H B B R 2 AR AT
S W SN ANSE N AL X o =S F R A
FURSHT, Bitatees, Sh/ER S Rk, #2
N CUKZ T KPR, S HEFRFEE,
HH M AAIEIE (EPA. DHARIDPASS), &Mk
T R L P EE g, R N R+ 0 7
I 148 gl = S A v ] )V 2 i DU AR 450961 18 R 3
W, o E NS ZRERL .

e () = SC AR A R I R, A IR S £ A
EstE Fy, H=Cmh S A REaEREey, X
Tl G W B A — Fof e A A PR R BRI () 64 o (HL =3
AR EHFEN AR, oA AR, [F
B EKERS, BFRYRFE, D8MAEYE G
FEER G = A AN PR R SOR I R A JE AR 5T, AT
SEO SRR DR AR A RO AR H AR AR
FE VP H AT I B 1) B R AR —

[ii FH # B (Solid Phase Micro-Extraction, SPME)
e MESAEE ST TR R &5 T
FIGR B AR AT T VA, TR BRI, VR
BERET K, ARG R, B R
BUEE. A SR . O P,
Tot 7 [ AH Bl 22 BB R 25 & R BB HR (Gas
Chromatography-Mass Spectrometry, GC-MS) ] 7z
T 2 M a3 RS INE . BT RE AR
NS0T 2R 48, AR AR R 1R i 7 P 3 SR i (1)
PR AE 55 RPN A it B R A O, RN TR
PO N DRI 28 5 e R R RS BEARSE SR i, R,
Wi BiE, BEEMEECL M, 6 =S e R a
A R M AT S5, W9 = 30 AR T80 [A] (1)
FERAME RO A4, e B i 5 & 508 B R PR AR
Rz,

1 MR5EEE

11 AAE T

KB R0 = S0 OIS KR 5 3 d 7245,
T H NS K= g SRR =S 2, Yk
5cmx&cm>0.3 cm £ A =30, AN EL KE
TREFLST (£ 100 g/4%), JRAE 4 C g, & HIEURE
X =S A S S 3 T AT T 2 ] A 4 - < Bk
ARSI T B B A o

12 HEHEA
PEN3 Hi 7%, f#[E AIRSENSE A; Agilent

250

7890N/5975 S it Bk H ( GC-MS) 1%, 50/30 um
DVB/CAR/PDS SPME #H13k, [ Agilent A ;s
FE SR 20 mL T07S 8 R 0, 55 [ Supelco 2 7]
DF-101S S UEIRIn #vid J i eds, AN IRAL T
A FRA F]

13 LIk

1.3.1 & H4m

=A% 4 CARI = SCAEm 519, BT 25mL
NG, FOREERE B, B E N T R
PEN3 RGtMR UG T 25 SAR AT AR 00T . LT 5
Ve B AN 100 s, J5PEATA] 100 5. $RAGHL T4 1
mi A S, R HF £ A WinMuster 314E%] 4 C ¥
JEI =0 R MESRIEAT R K 4 B (Principal
Component Analysis, PCA). i &4 (Loadings
analysis, LA) DL & 2051 434 (Linear Discriminant
Analysis, LDA).
1.3.2 TREIEL MR FEIR

S IR 5K B N BTV RS ket o E AR 3
g LERERIFLAL 6 mL AT NaClYE A JE N 20 mL £
Ao, O ) b1 IR % 5 K SPME 14
NFE A, 78 50 “CrE iR P Hh-F1 15 min,
FEIR B 40 min JEBUHAEBCL (EBGK ZALIE T |
270 °Cs ZALIFIE]: 1h), FHBai N A B bR
i, fEr 5 min J5, 3R
1.3.3 A8 & AR A A0

K H HP-5MS E41EH: (30 mx0.25 mm>0.25
um), BFEFE O 250 'C; AR 40 °C, £R%F 3 min,
PL3 °C/min F£FTHE ] 100 'C, FLL5 C/min JH3|
230 'C, {RFF5min, #FHS (He) it & 0.8 mLmin, fi#
BT 250 'C, ANrsidiet . Bk e 2
5L 280 °C, B TIEIRE 230 °C, TUZAT IR 150 C,
VA Jy: m/iz 30~550, HALEHLE 70 eV.
1.3.4 R MRG0 ST BARXT S ZHE

FE R R A SR s, St
1T AT E . S HER 2 FHIAIZR 5 Nist F1 Willey
R BT RS %0E o« = S R R )
b2 2 I S35 R A A R VT RS — (kAT 52

BT
14 FAEAAT

Fi EXCEL2003 #1411 Origin8.0 Ff 14T idls b
FRAVERE, 43 BT 4 CH 5 =3t R R R 284

2 #ZR5iHR



U ALY ST Modern Food Science and Technology 2015, \Vol.31, No.2
e
2.1 T B AR B B - A 0 1 BR R (HS- ol
= 7
SPME-GC-MS) % E 6
o kY M 5 I
K FH T2 [ A i 6 H - ASORE il ik B # o4t
(HS-SPME-GC-MS) HEAMI £ (345 1 iy tn j I
1 Fiome AILAEH, Wil —= SCH 7 fifel AR A 1L l ML&L& N
288 T, TS, BER. RRIEWI T i BB EOR, 50100 150 200 250 300 350 400 450 500
%*%‘é&iﬁ%o 18] / min
a4l f,
gk 8
_7f 7
g 6F § 6
w® ST S
#o4r H# 4
3t 3
2;fk 2 ! L
Ty v J wmmm ! FAALL TN T
50 100 150 20.0 250 300 350 400 450 50.0 50 100 150 200 250 300 350 40.0 450 50.0
i [71] / min ] / min
b 9 € 4
8 8
= 7 P
2 6 z 6
w5 o 5
# 4 % 4
3 3
2 2
! L ‘AA; b b U s ! | ; | SN I | .J -
50100 150 200 250 300 350 400 450 50 100 150 200 250 30.0 350 40.0 450 50.0
5[4 / min 18] / min
€, B 1 AE=E FELHE YR SEEERE
8 Fig.1 Gas chromatograms of the volatile substances of salmon
= ; fillets during refrigerated storage
é{ 5 M. BER. BRIk E 64, 43 Fil 148
# 4 Fh. BERYIFRASE O0d. 3d. 6d. 9d. 12d. 15d.
j 18 d 4351l 7 B 1 56.76%, 44.34% - 33.99%. 33.72%.
: n ML 19.06%- 28.85%71 21.89%. EAKWIFRPT L L 42
(I | Fopee 5
50 100 150 200 250 300 350 400 450 500 K, 5 0d. 3d. 6d. 9d. 12d. 15d f11 18 d 73 7
1] / min IR MY R ER 15.91% . 23.85%. 40.16% .
d 47.35%. 30.40%. 30.10%71 36.67%. 0 d {&H 5
8 H AR 14.04%, MRS 12 d RS SRR
£ ; 22.78%, 9K 1 1.62 5. MESRWI BB ARG UK, X
é 5 B PR DT RS K. (R 2 5 A Sk, Cg DA
¥ 4 b UK R, T Cog BA ERKEERESR Y ]
; MM R, SRR RTTR L. fEREE T,
O, PifgE. 250, E)-2, 4-JAlE. KO, 3-
! (ST R D AV | (E Er

5. 100 150 200 250 30.0 350 40.0 45.0
B 7] / min

Fodk- TREAERES S b P o LEEEROR . JUHE CREFT
i EEHROK, ftﬂ% 0d. 2% 3d 7l SRS RN 72%

251



M EmBHL

Modern Food Science and Technology

2015, Wol.31, No.2

A1 84%. HOMEBMEMRME, N 450 pgkg, CHEHHIA
N AR B, AN, B 2R,
(E, E)-2, 4-FF J&lE . (E, E)-2, 4L JAlEA1 2, 2-—H
S DI AT A B, L DL s R AAIE s
BAMER. MrBRARENAKRES, FEA
A I EIT ARHAGAE R, 2R B A - A

LEM) AT RE SECHTE —SCHABUREA, RIS A
PR TR B R o R, TR M ERA L
Yo, 2, 45 Il R IREARANE IR S B0 4. T
L E SR S SR A W A SR v ik =3 f ) R IE
1 SR BEE T N P R BERE SR O IR AE . X S0
(7t S s RSO (1) 465 2 T 465 SR — B

® 1 RE =& R IR EL RS

Table 1 Volatile components of salmon fillets during refrigerated storage
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Fig4 Principal component analysis of the volatile components

of salmon fillets during refrigerated storage
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Table 2 Total variance explainedin prind pal component

analysis
FYs A4 AFAEAL PRI Fr BN
it FEM BRI% A T E% BRI%
1 5.610 80.150 80.150 5.610 80.150 80.150
2 0.959 13.705 93.855
3 0.349 4989 98.843
4 0.071 1.018 99.861
5 0.009 0.129 99.990
6 0.001 0.010 99.999
7 4.769E-005 0.001 100.004

*® 3 WS SIEIRR HEERE

Table 3 Component matrix of principal component analysis

A
A iE/d 1

0 0.871
3 0.875
6 0.987
9 0.984
12 -0.453
15 0.988
18 0.981

R 2 AFERGT T HIfRRE ST 2 B, TR,
—HIEWT 1 AERS, EANERS SRS ER
80.150%, H.Z—3F:m5 /7 % M 5.610,

& 3 NERG T IS FEREE, B 5 TTLLE
i, 6d. 9d. 15d. F118d 75— Loy FAHE
fif s UiBH 2B — RS AR AT DL SBRAN R il R =
St R RIS R HHRME BT LIS B —

TR BRECRIE FON -
Y;=0.368%x0d+0.369x3d+0.417x6d+0.415%9d-
0.191x12d+0.417x150+0.414x18d
Horp 1d-18 d Jubritb 2 Jm BIEE .
BT = BT 1455 X5.610 FUELR
FI7 R
PR, R1-R10 A% % 15 B 1970 IR 4 s .
&4 RE=ERERS DER
Table 4 Results of the principal component analysis of salmon
fillets during refrigerated storage

R B AR Tha  EZRafEn  HE
R1 -0.41448 -0.982 6
R2 1.38242 3.274 1
R3 -0.60172 -1.425 7
R4 -0.689%67 -1.634 9
R5 -0.67866 -1.607 8
R6 0.94738 2.244 3
R7 -1.59799 -3.785 10
R8 1.1413 2.703 2
R9 0.86168 2.041 4

R10 -0.35026 -0.830

WE TR %106

figrsrt ] / d
E 5 FRRIEmRETILE

Fig.5 Peak area variation of aromatic hydrocarbons
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Fig.6 Loading analysis of the volatile components of salmon
fillets during refrigerated storage
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Table 5 The sensors of the electronic nose and the substances

that they respond
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Fig.7 Plot of the changes in the response values of the electronic
nose
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Fig.8 Radar plots of the electronic nose
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Fig.9 LDA analysis of the volatile components of salmon fillets
during coldstorage
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