1% 524 (eI e o bl v R 4 Vol. 11 No. 24
2020 412 H Journal of Food Safety and Quality Dec. , 2020

FTEAE, 2T, RAEB, AHA, TR
(AL TR A b2 Sl TR =B, HBHE  056038)

W OE: BRI LR 6 AN SR A e T, B SLER f0 b XK T L R XU I, 5
TIE L DR AAG D) L 0 SR A WTATE . iR R B R SORE €3 - T3 7 (gas chromatography-mass
spectrometry, GC-MS)XF S5 6147 J P4 SR A TAGIN, 58 FH XU 15 P (EL (odor activity value, OAV)S5 5 Patfi i H
F BRI T, AR S8 A e /> 3 A 43 BT T X E T A TR A R B A G AU R A S EA T AT
LR GC-MS A 86 M LMW, HA R, ECEE. FFREE. 4. —HHE. WREY Y 6 4
Al LA £ T AT, R LA XU T 1B Simea B T R AE SRR GC-MS 45 AT 32 e /N —3fe
A3HT, R BNAS R SRR Sk I AR DG, S T = e | WS | 5 e 8 S B XU 4 S5 5 L 8 A [ )L AR (R
>0.8, P<0.05), 5 AS[m] b LRI £ KUK W) BT 22 e, (H S S UK S5 AR TR] . vl ) DT SRt £
DR B4 S50 534 o

KA. MR-, Ry, 856, mra

Analysis of flavor compounds in stinky mandarin fish on the market based on
electronic nose and gas chromatography-mass spectrometry

KE Ze-Hua, LIU Gui-Qiao, CHEN Jia-Yue, TANG Jing-Yue, WANG Bin"

(College of Life Sciences and Food Engineering, Hebei University of Engineering, Handan, 056038, China)

ABSTRACT: Objective To detect the volatile substances of six mainstream brands of stinky mandarin fish on the
market, determine the common and characteristic flavor substances of stinky mandarin fish, and verify the feasibility
of the electronic nose to quickly detect the main components of stinky mandarin fish. Methods Volatile substances
in stinky mandarin fish were determined by electronic nose and gas chromatography-mass spectrometry (GC-MS),
the main flavor substances were determined by odor activity value(OAV) value and other methods. The correlation
between the electronic nose sensor and the key flavor of the mandarin fish was analyzed by orthogonal partial least
square discriminant analysis. Results A total of 86 volatile substances were detected by GC-MS. Among them,
ethanol, n-hexanol, linalle alcohol, acetic acid, trimethylamine, indoles and other substances were existed in 6 brands
of stinky mandarin fish, which were the main flavor substances. Orthogonal partial least squares analysis was
performed on the electronic nose results and GC-MS results by using Simca software to find the correlation between
different substances and the probe, and regression models were established between the electronic nose and key

flavor substances such as trimethylamine, indoles and linalool (R>>0.8, P<0.05). Conclusion There are differences
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of flavoring substances between the different brands of stinky mandarin fish, but the main flavor substances are

approximately the same. The flavor of stinky mandarin fish can be predicted and analyzed by electronic nose.

KEY WORDS: gas chromatography-mass spectrometry; flavoring substances; stinky mandarin fish; electronic nose
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% (gas chromatography-mass spectrometry, GC -MS)., H,F
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& TE g SLA A0 XU ) T i R R, L R AT Ak i 5L 9%
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0.20 mm, 0.25 um, F[E Agilent /A 7); EPA/VOA M40
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g DB-WAX B G5 H (30 mx0.20 mm,
0.25 um), #EFETIRIE: 250 °C, FJF THIRWI 4R R K
30 °C, 4% 1 min, L 4 °C/min F T+ 92 °C, 1£4% 2 min,
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450 m/z, KB A EH,

QEMS e &

1)7E 1 7 i

SIS R YA S XCALIBUR R GHFALTR, 4% & 1k
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Bk 9 28, 430h: B NS WL MR TR
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Hh B, ECBE. SRR, 1-EE-3-F. ETE. E
., 2. WIR. 4-SF KT, 46-FE-2-33%
AT = R IR SE R 6 A i R O T A

ME 1 ATLUE H, AN R S0 £ 2 ) I B
AR R MW AR AR R B i &7 BER TR, R R
PEP T S F A H2(3230.39 nglg), FLUKE H1(3155.68
ng/g) H3(2238.49 ng/g) . H5(2222.79 ng/g) .H4(2084.26 ng/g),
FERME BRI H6(1945.97 ng/g). MASRIZETY (k4 R
KRR, KEZEHHN RIFARSE, 252, BESE
Fedss s, MR A A 33.77%~77.08%, Hit H5 &4k

80

40 |

AR S M SRR 5 1/ (ngf )

20 +

|
VAVAVAVAVAVAS:

T
AVAVAVAVAVAVAY

BE ol 77.08%, H1, H2, H3. H6 BI&HE510 50.05%.
54.12%. 49.70%. 44.33%, H4 /0K 31.5%.
FILIAL A YT i H B WS H6(20.04%) |
H1(18.36%). i HLEARAI A H5(3.32%) . H4(5.79%) .
H3(8.13%) . H2(2.73%) . MREW R FEE & WM N
H6(22.71%) . H2(26.16%), & /EH A H4(16.72%) .
H3(15.42%). H1(15.49%), i/ H5(12.65%).
27 B HA(38.18%) S BEE R A, HiA JLAS bl 2 B
Y%, 498 H3(3.7%). H1(3.37%). H5(4.51%).
H6(3.23%) . H2(0.73%). MERYE&EERBER, &
e I H3(13.02%), H4 feAfiRh 0, 4 il i GLg 1
WA AR TE 0.18%~3.98% 2 1], Mg 25 W ot & 435
AR, B Moy H2(9.18%), Rk B H4(2.32%) .
H6(2.2%) . H3(1.04%). H1(0.59%). H5(0.39%). Hil2s¥
RS mAE 0.74%~4.71%2Z 0], & i i H1(4.71%),
Wl H3(3.97%)  H6(2.65%) . H2(2.39%) . H4(1.98%)
H5(0.89%) . Bk 24 ot 35 2 Sk — FF 3 — BTk A 1 A5 I, 31X
HW) T AE B o b SR BIL, H2. HS &Sl 0, HI.
H3. H4., H6 &3 %14 2.13%. 4.59%. 3.25%. 3.76%.

32 FEMAMREESIKEEE
M 1 ATRAR Y, ASE] AR AR RIS AN, 6
A it RS £ AN [ TR )42 A P T SO PR T

5N I ﬁa_.ﬁ T

H4 H5 Hé6

1 AT i o R £ 5 A1 ) B 2 A (n=3)

Fig.1 Composition of volatile substances in different brands of smelly mandarin fish(n=3)
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FE 6 /it B BB £ SRS AR &, BT LR IR TR
(B, BT BRI —Se ik ) 55 B S Ak — e iR
it P VR Ao = e, oA — S 3 ok 4 B
B = H ARSI A A 6 A gAY B =
W& f 35 548.81. 38.91. 174.47. 112.82., 51.25.
380.10 ng/g, WEAKT FARMIGE 1Y & 1 8 d 1 L 05 fh 1) =
Jie & 5:(560.1 ng/g). HETIR A K% BRE bR, HIX
PPN OB S T eV £/ g

W\ Wk T EAAAE TR D, WAL . WAL
KANAE . B X 225, SR YR A 0 SR o vl L™ Az 1)
WL IGufe BE (| O AT, TR S ELIR . 6 N g
B | B S A AR, BRI 7.56 nglg, e
49.22 ng/g. 5 F MR E L5 T 9.25 ng/g HA—FL,

QKA

RS 2 50 A o SO P U RS R 2 T LA &
W5 Wbk, ZRROFREIR AR . AR KR A
W, ZBRSIGERA FAESR . 6 AR R0K fa iR 25 )
i mANE, S HL, H4. H6, HS H¥A WIS EHE
KF 1 WEREY B, H2 SWE AR T 1 MY R
RIS HERE, SWIE FE(E M 2.146, H3 SR TG EME KT 1
FIBR Y T2 TR LB, W EE R 1.764,

QEERLEY

B2 Ak G Wy al I s AR . AR R . B AR
L Rhgteread o BN ORI F 0 R 140 i, B
AT DL R Y8 A R T 0 9l R ) 43 i, S B RT LA ORR U 9 PR
AR SR 2 BRI TR, R R T AT L
B Ry O R . AN () A B2 A ) KUK ) A [,
EC A RER; FREREA MUEFNAR; FREA
FARIL . S0 IRIL; 120 -3-FE AT £ FH B 2R LI K3
A-THE s T EL AT AUV Rz P 3o Ry A A 7 3 P -1 -
TR AR RS BRI . fE 6 AR LAY RER o Bk
BT AR B BT ARSI, FES R H1 5, RN EE(E
KT 1 BERYRA 4 Fh, X 4 Fid 05 K e TR 16 BE (8
A3 50 g g 0 (155.69) . 4-T05 4 BE (269.64) . I 1
(84.84) . 1-F#%5-3-B(27.01); 7E5L K H2 o, KRG
KT 1 MERYEA 5 Fh, 8 RE(339). J5 R
(314.71), HEMIHIEE(102.62). 1-E-3-F%(33.51), 1EC
B2(6.27); fEfRE H3 o, SREEERT 1 HWEELY R
B TR, AR (2014.5), FFREEE(95.90)  #i I
(220.19) . 4-TE 4 (88.29) . 1-¥04-3-B£(26.69), IEC.
M5(4.27), 3-H HE-1- T WE(1.75); 7Ef M H4 vh, SRIE
EHKT 1 EERY A 4 Fh, 490 F5 R (3.09) . 1-2F
J75-3-12(69.3) . 1E CLE%(6.69) ., 3-H 3E-1-T F%(4.87); 75

i H5 R SRTE R T 1 BRI 3 R, AR
JFAREE(366.31) . 1-FJF-3-FE(35.06) . 1F CLEE(4.36); 7
AR H6 P RTE L K T 1 BRI A S Fh, 1-F )6
-3-f(30.29) . 4-TEHEE(29.67) M EE (15.73), J5HE
F(9.26) . 1ECLFE(2.65), B LA FEUETTLIE H, 6 4~ fh
f14) 5L 5 £ P 5 R A R ST £, EEPHA
Shy R £ 1y v O AR I T RE SR I SLER A 1 I URE, B HUZ:
LR U B bR A AR, AR A R Y A
B, GLAR (1% D AR S R R U

DREILEY

T2 254k A5 1) 3 K U5 1l 2R R0 D R R X 2 R
i B e AR o T o O S T A 2 A B TR L TR,
o-FfR, TEMEEMEMVER FREA AL 3-FHEE TR . 2-H 3t
TR TEW AT R T LU A LR S Btk s, T
FRMR T . T T IRIR TR . WA T MR AR I S T LA AT AR
JRE T RS, e AR ZE M AT B (Clostridium  kluyveri)
AL 2o TR . RS R BRI R AN
(Ruminococcaceae spp)Fe¥F LRI NE TR, SRS
FEAFFE S5 T DR IR o R 25 th 2 SR £ 1) 2 22 XL
BRI, TR LA I IR b R, 4- H O R L R 1 o
R, ZERHARESER"), ECRATREK, ERRA
A NP SR, 2-F 3 T AR S IR &0k . W9 & o
FURTLUE W, 1 6 ARkt fh i ep, SORTE KT 1
MR HL A 8 Fh, /30l h O R . TR . 4-4BH R T
B, EIRER. 2-HETR®R. TR, WK, FCi, H2
5 H1 MK VR TR H3 5 HI ML, 8 FiiR#lA, 0
15 B HI BRARZY 172, HA 5 HI M FO A 4-F 5%
B, B, 2-HETR. BT 4 Fi, inTiES
2. HS 5 HI M HEUD TIE R 5 T BR MR FR 29 i,
Hmy e &S H3 MBI &M, 2498 HL Rk
YRR 1/2, H6 55 HI AL 8 FHERERA, 28, IE
PR . 2-FE T RRVE BE(EAR T HL, (AT, R TR, 4-
F LR v (B = T HL.

QLES

6 ™I R Rt G 9 FlE R, B I ER R
bk, (A F 28R RER S, SIRIEEERT 1 mH
G, PR RIS . R, T R KR
B, 6 AR A SIS BEAE 4 5108 HI1(1.34), H2(3.7),
H3(6.24). H4(0). H5(1.58). H6(0.3), 65 fa sk
PR T AR R R v i ek, KRR (R T 0 /D
F 1 BEIEYT, AE SL A USRI e AR rp R B R

(6)M 2%
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ARG KT 1 B A — R, S 2,39 U,
TR T, SRS RS A H4(3.09) .
H6(1.24).

(M

6 ™ i R GLR £ TR 7 RP ISR T, R A R
YR b BAE R Y R A HE R B o 38.18%, H2 MEkY)
B AR R T E R N R 0.66%, HA 4 AN
BRI BTG B R MR 3.22%~3.73%, X 7 FhEEk
YIh, SWRIGEERT 1 A HL R R B4y )
JEE(60.45) . FME(24.52). B EQB.17); THRIEEHE K
T 10 H2 PR A 1 FiCh O mE(5.27); SWRIEE
HRT 11 H3 hEEEY R RA 3 Fioh T/ (18.63). =F
WE(13.15) W8 (8.27); KIRTGEEE(E R T 1 1) H4 h ey
JEA S Fh, AUFE T B (30.46) . C | (27.54) IEE B (21.33)
ARHHE(14.27) , BEEE(9.6), (B)-J -2 4 [ 19 R I B {E
H0.92, Hel 1. AMIEEERT 1/ HS PRy A
4, G TRE(23.45). IEFIE(15.97). CLE(6.24). BF
(6.96); TG EM AT 1 8 H6 FRERYIRA 4 Fh,
JTEE(20.27). IEFBE(6.52). O HF(4.92). PEEE(1.23).
IR R, B B R, EoEEEA R . R

T, TGN, FEE, ARG RREEKRPT, Hil
INRHOEE., PR, L. FIE . TS L AR A
7 R AL AR AS o 2% B T R 2 AR I ) 4Rk e 1 AR
FFE RIS . KR 4-FRILTE R R A P (B)-)-2-
FIRERA LM FHREFHES .t nT UL 2% 565 6 1Y
W TN

(8)AEk

AR S G 1) Tk 2K ) 5 32 e P R A T R e A
TR T R B SRR Y R AR, AR R
FI R, 6 AR R R U HL. He Ku i, KRG
FEAEAY ) H1(5.07) . H6(16.42); 1] 75 I+ A 1 0K, 6
AR SRR R H2 . HS REGH, HA 4 MRS
LR (43 9IS H1(4.12), H3(6.85) . H4(4.52) . H6(3.67),
Mk 25 49 o K > L £ R AT 1 LR % 1 A 1 R, 1 A I
KW FHRNM . DEF

LTI, HI SRIGEEE R T 1A 21 f, H2
17 %, H3 45 23 B, H4 4 19 Fh, H5 4 16§, H6 A 22 Fh,
6 A ah I B KR R SR . W . SR . 4-48
HRTER . J5miE ., 1-6-3-0. Wi, EC®., EC
i 45

x1 TRGEREFEELEYREKEEE

Table 1 Odor activity of volatile components of different brands of mandarin fish
USE A
L/ BN
HI H2 H3 H4 H5 H6
| e 0.003"" 10203.33 16406.67 2520.00 2650.00 7526.67 3280.00
2 0.006!" 8838.33 17151.67 4273.33 9535.00 3436.67 5353.33
= H % 0.10" 5488.10 389.2 1744.70 1128.20 512.50 3801.00
4-H R 0.40t" 294.88 802.30 155.35 0.00 136.53 535.63
TR 0.201 549.80 0.00 312.00 345.95 356.90 220.10
458 H R TR 0.20t" 217.00 357.15 217.40 377.15 138.05 203.35
B ER 0.037" 403.78 1198.38 167.84 0.00 0.00 120.54
1-2FJf5-3-1% 1.50 27.01 33.51 26.69 69.30 35.06 30.29
4-TH T 340.00"! 269.24 0.00 88.29 0.00 0.00 29.67
T 1.10% 24.52 0.00 18.63 30.45 23.44 20.27
2-HET R 0.701" 40.37 127.29 19.69 0.00 26.03 19.04
TP e 1.10% 5.07 0.00 0.00 0.00 0.00 16.42
Ryl 0.26" 155.69 102.62 220.19 0.00 0.00 15.73
Oy R 2.50 84.84 314.71 95.90 3.09 366.31 9.26
TR 1.50" 5.20 7.05 3.66 0.00 0.00 8.86
5] 57017 7.17 14.24 3.35 6.87 4.71 6.65
B 0.601! 60.45 0.00 13.15 21.33 15.97 6.52
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k1
ARG BE{E

YA PR SCHR R (E
HI H2 H3 H4 H5 H6
1E O 4501 3.17 5.27 8.27 27.54 6.24 4.92
THI 7 i 15.00"! 4.12 0.00 6.85 4.52 0.00 3.67
1E O 5701 3.36 6.27 4.26 6.69 436 2.65
2,3-2E 12.00% 0.00 0.00 0.82 3.09 0.00 1.24
PR 2901 0.00 0.00 0.00 9.60 6.96 1.23
Frgess 10.001 1.38 3.70 6.24 0.00 1.58 0.35
% R 41,7014 0.00 0.00 0.18 14.27 0.40 0.11
FH L A 0.021"% 0.00 339.00 2014.50 2169.50 0.00 0.00
EC R 0.60™ 0.00 0.00 0.00 30.35 0.00 0.00
3-HIEE-1- TR 4.00™ 0.00 0.00 1.75 4.87 0.00 0.00
(E)-I-2-F Wl 3.00 0.00 0.00 0.00 0.92 0.00 0.00
LR 5.001 0.00 0.00 1.76 0.00 0.00 0.00
LRI DR 110.90“ 0.17 2.15 0.08 0.00 0.00 0.00
LR 5 IR 33.00™ 0.00 0.72 0.00 0.00 0.00 0.00

33 EENKYRMEFEMBXMDH

IR ST A SR,
El 2 WAk S, A A 4-mh ks s a-2- - 1-
PRl sk S, &

W B S HIEF GC-MS 4

B, ARk Ss Lt SAMISE D5 Al |

LA AA IR . PR, APk S MR IA J7
Rl HUBRME . W5 RISk So S IEAH AT AARHIR; Sie
FIBRHEIR B 5 AN K o S16 RK1T - IE 5 IEAH G . R
A e 5 B T T SRR AR P8R FA B INROR . 6k

IEAHRHIA 4-fE R mE . aC-2-20 - 1-18 . IE TR, Ak S2+ S3v Sav Ss. S7v Sgv Sou Sy X 9 AMEEERS T LA
Ss 5L EGUNCHIE A RERS . JFHams . RRms ARk s, VT SLBRE KURP BEA T HEA TR AR RIS .
os4 AeB .2}
0.3
os13
0.2
COSG DeE

01 82 o8l Rq{,‘“ bs16 0S14
] oS87 oK
% 0 oS3 o'®P 518 og9
H 0S5 | V.

Cc®Os11
0.1 *lger
oL
0.2
0S12
03 oS15
0S8
0.4 . 1 -
05 0.4 0.3 -0.2 0.1 0 0.1 0.2 0.3
ES %

WA ZHEE, B WBIWE, C: IECEE, D: AR, B: HBLEE, F: 1-E0-3-B2, G 1E2FFE, H: 4-WREE, I o225 0-1-B2, J: My,

K: IEGEE, L: IECEE, M: T/, N: 4R, O: INIR, P: 5 TR, Q:, TR, R: 4-HILRIR, S: KRtiR, T: 2,3-2F 1, U: HAEM, Vi ik,

P2 RIS AR AR A (B O S XUDR ) J3 5% 2% AR IE A8 Ml /> —

HeF 3 53

Fig.2 Orthogonal partial least squares discriminant analysis diagram of the relationship between sensor relative change value

and key flavor substances
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DL RV ) S5 H %o 5 2t o TR A i, L R N AR
Sk A AR Al T A A A, 5 R AR

=z ¥,=1.655X,+0.74X5—1.798

M|k ¥,=411.317X,0+21.353X,-607.97

194535 ¥5=355.96X,,+4119X5-4638.15

FFRERE: Y,=355X,0+4119X5—4638.15

TECBE: Y5=554.62X,,-708.056

FEMER: Y=174.845X,,-270.163

BRH LIRS ¥7=20.42-9.283.X, 5

B B R Ye=27-12.16X5

o X, R BT BT BRI Yo A& YIRS
1, ng/g,

32 2 JEX bR TR B AT AH DG S P B E o H
F 2 A F IR R RTI T R2>0.8, P<0.05, 1B H A Al
XS R RN R e S SRR Sl S iy oAl
JRETATH, REARME T REAT = e . Wl . 5 AR A SLAR
£ 11 2 XU A T T 4

F2 EARBEMEEER

Table 2 Test results of regression model

BB R R PRUEAT TR 22 Fid PH
Y, 096 093 0.06 67.40 0.00
Y, 097 093 11.30 29.45 0.00
Y, 097 094 8.03 28.70 0.04
Y, 095 0.90 157.67 18.33 0.01
Ys 093  0.86 11.43 31.30 0.03
Yo 092 084 0.97 26.73 0.04
Y; 091 083 1.36 23.63 0.04
Yy 092 085 4.80 27.92 0.03
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