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GC-MS 5BFHEG T TH Az
Xk 77 £ XK B 220

Eo# OR B o #EY FHN ¥ o' 2EW°
(1 PR B R BIE UK TR 2660715 2. A (L Bl TR0
WA #8 266100, 3. FREAASAIAT WK AR 264308)

WE NEEAETH 7 R T & (Cololabis saira) Aok oy % w7, AHF 554 1 1 5 B Ak 71 & 471
AT BT 2 T A R s+ RT R, Bt A& -8 B R (L(GC-MS)An v 5 Il T & # |
JEHl &, BT H &, ARTH &, BHARNTHa kR, £RET, GC-MS RN 24
FEEE, BE, WE, BRE. BEURGAMNEGMTE 58 MEL RN KM, UEKT] & NH5HE,
Bk, X, MEYRNEMATABREFET 3HTHKT &0 EEES; L, £4HART
W B PI-2-FIHEE ., FE 2-CEREENRNEERNLE L, DA IME 6496, 569.48 fu
189.27 ug/kg, AT & AA F G0 AEE KR, Bk, BRMmERERET RN £ FE 0 # k4
T, WFELREREN, THIENK & 69 BoR ok Bk AW o, T &R A 8. 3 A T
FRATERER I TR i e Bk, FAHFEETERER; Eo, ZA+ARTREARE

HFE T TR &Rk,
ES5 0

hESHES S986.1 XHEEERIRAS A

#k 7] ta (Cololabis saira) J@ #i 4 1 W H
(Beloniformes) . 17 J] 1 £l (Scomberesocidae) . £k 7] ff1
J& (Cololabis), J&—F 8L I P B 4 T S (F ]SS,
2022), HEA B E IR A FMUR A XU, TR AZ
TH oA Bk (B TR 0 B 5 20 A ALY
SRZUERR, BRI T H IR R LA R BarE
SLULEE S ARG T Sy F RN T 1 2Rk
TIOHES . OB RAE, IR ANRE R P K

TR R K i WL 5 Xz —, ALAT LA
WK i BT, SEA K ) BRI R 5 3 AT T

Tl #s BRTEE; ARTE; RA+ARNTE; Nk% b
TEHE  2095-9869(2024)03-0268-10

T AT SRR R XU o FEZK oI g AR e, B BT
S5 IRV T A4 400 J5 i A 7K il SR A S0, A ISR A P DR
Ylsc, WA B R 1) SORARAE o H HTRFIE A S
HAH A 6358 712 % (gas chromatography-ion
mobility spectrometry, GC-IMS) ., S AH 4% — 5 1% 15
R (gas chromatography-mass spectrometry, GC-MS)
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W, FEAEYE Rk ffi(Scomberomorus  niphonius)
(4§, 2022). M fiti 52 6. (Ctenpharyngodon idellus)
(B FE B 45 2019) . MF T (Litopenaeus vannamei)(Hu
etal, 2021). KT £ f1(Megal obrama amblycephal a)
(BRI 5458, 2023) 545 50Tl K™ i KU AR Ak 1 B 5%
AL F T BT RBR ST . L, AT
HAR T . BT BN KT 3 Ry il
I, L GC-MS FHL 55 HXUR A AR 1
RIS Tl T 2GR T XK TE B R 520, B TE R
ok T3 £ 77 it U ot JoT A B T B AR e

1 HR5HE
1.1 SKewr#t

SIS R T f0 0 T L AR SE R A A RS A
KA A (100+£7) g/FE, 2021 4= 9 H ¥ B b K1,
iz [A] 525962 5 F-50 CH-AE .

1.2 EFE5iH

SNAG-XF FF ' T¥8 KT AR (VL 75 5238 T T 8%
F PR/ F]); Philips TUV 30 W/G 30 T 8 EAMT (&
BIRENHREE TR ARATR); 5975C/7980A %Y
M-S BHAL(GEE Agilent A F]); 75 pum
CAR/PDMS/DVB #HU4F 43k (ZE[E Supelco A F]);
TS-5000Z PR3 5317 R4 (H A Insent 23 A )o

2,4,6- — HIFEMERE | AL AT A R4 h S B4t
W F [ 25 4 A0 A R o

13 SLWAHE

131 H®H& (BRI T 4 CAR IR 2SS Mt
W, KWNNE. IR BEEE Tk 5y ()% Hilkh B
JE R ) T (20+2) CHIER FE T 15% &K
RS L h, ARWTIK. G)auliir AR T
(BKZENS H A 2R 3 d, FRERIREE 10~20 C). ¥
TR LR TR 3 d, BB R R (15+2) CIRIE b
R AMT RS, B RGES T 3 d, BWER
FE M (15+2) 'C1.
IURE A5 IO BR (1) ARk T R O 5 £6.(CKD)

A TR BRI AL S 0 d), BRG]
fORE N H SR T RIRK T f(N) ¥ KTl Bk T £2(C) Fn
IS KT (U), BRI 3 & fm, K3KR.
BB BEIGEHE, BT-20 CHREEHH.

132 GC-MS 0l & 7 & FEMRTALEE . 218 Hu
Q02T M3 g MR YIFEE A 20 mL
Wasmd, A 1 pL 2,4,6- = B 3L 0l 5g (TMP,

0.5 mg/mLYE R AR5, F 60 C T F4f 10 min J5,
FH AR 26 BB % B 30 min, SRJE T HERE O MR AT
5 min,

GC-MS £fF: (it A HP-INNOWAX T4
FEF(30.00 mx0.25 mmx0.25 um); N He, Jiik
I mL/min, 43EH 5015 #EEEREEE R 250 C; THE
T NEIBIRE N 40 °C, £4F 5 min, L)L 8 ‘C/min
F+% 250 C, f%F S min,

B & BIHER, fER 70eV; B TIREE
230 °C, PUMAFIRIE 150 °C, $ELEEE 250 'C,
JEF 30~400 m/z.

i FHIE A SE 48 (Co~Cao) TH 45 KA G W I 2 Pk
PREFEEL, JHEETXT GC AR BB 8 BRI AT S £ (MS)
5 NIST 14 fil Wiley 11 Y LB e R AL B Y.

AR ESE L EAG Y & it
FE(ug/ke) =

HRIEDIR IR 0.5 pg (TMP & i) 1000 (1

TMP U i A 3 g(F RS )

i A Q)T E S 15 P B (odor aroma-active,

OAV):

OAV, =L )

Ci
oT,
R, G R RARAERE R P B, OT, ik

W I A XU 1
133 wFEMTHE  SHEZELQ019MTE,

PR E— 5 Joi o 11 A PARE B TORL AL, $ B 10 6
() LG B S gl g oK, SRk uE, BCIE O T
TS-5000Z BRSEA-HT RGN, (A T 8k e
SN TR BAL BEs , RRES AR 1, Bk
VISR RS IEZ LB, SN 5 RhIEABR (AR . ¥ .
T ECRUED) FE R PR . RN RESEAT AT 3 K,
R VA 1A B PR X BOHE R AT AT o

2 ZER59H

21 GC-MSHELZR

K GC-MS 5E H KA [7] 461 Bk T 71 4 5 %
NSNS E /N WO DY = R 2y i et 7 i U
B, SRk 2 R, SIS R B
XL RE . BRUKLGEAADE 58 FhiF KXk
YIi; CK4. 0 dd. N4, C45 U 45 9Hm
F| 28, 29, 55, 53, 55 FE LRSI, Ho L
B T ) e M E X R I THAk T fa XUE
I B R 0 7 K R AR B 02 B 2 AN R T TR S Ak
ZH 1) (Fabio et al, 2017).
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Tab.1 E-tongue sensor
Al PEH AYBRIE Evaluable taste
1Rl aR 20 PR
Sensor name HEATR(HXHE) EH}R(CPA 16)
Basic taste (relative values) Aftertaste (CPA value)

BERIZIAR(AAE)  BERR(ZIEMR, ARG LA EELR)
Umami sensors Umami (amino acid, nucleic acid-induced freshness)

AL IBRAR(CTO)

Saltiness sensors

JRUR (R AR TOHLER 5 AR

salt)
BRI AL IR (CAO)

Sourness sensors
tartaric acid)

T IRAL IR (C00)

Bitterness sensors

[l )

Bitterness (umami aftertaste caused by bitter substances,

perceived at low concentrations)

TERIE AR AEL) SRR T A RIS, (KT
Astringency sensors JE1 Ay il A1)

Astringency (pungent aftertaste caused by an astringent

substance, at low concentrations perceived)

SHIRALIEER (GLL) SR SO B D A AR

Sweetness sensors

PRWR(BRTR . Py e RIS 41 B A 5 EC AU

Sourness (sourness caused by acetic acid, citric acid, and -

R RY ST R ARIE, TEARME T Hg R iR

BEIRE  E (MT R R I LR

Richness of flavor (consistently perceived freshness)

Saltiness (saltiness caused by inorganic salts such as table -

ey IR [ A (AT AR e 58— P £ ) 7 R )
Bitterness aftertaste (bitterness of beer, coffee and
other general food products)

TR [T R AL S5 2 B IRER)
Astringent aftertaste (astringent taste of tea, red wine,
etc.)

Sweetness (sweetness caused by sugar or sugar alcohols)

CK4H.0d4H. N4H. CH5 U3z
9. 11, 17, 16, 17 FIEESEYI . BESAGWIIBI(E L
I, W BE(S pg/ke) 2EME(0.59 pg/ke)  TRE(1.1 pg/kg),
T H AT G0 e DR A o P A b e Y
L EYEFS, 2014), RERAE RS R A it 2 ek
TE R, 5 H A 5 e [ 3 i XUBR R, PRI, X3
Bk D £ i KR Bl B ik o Tl A = Tk
i Cs~Co AN 707 i I, ARk ] IR T
& FIIH IR & AWK (Samar et al, 2022; Amjad et al,
2022), Hvb, AEE. (J2,J%)-2,4-BF M 3 2Ok I
TRk A, O/, PR, FlE . R-2- ¢ R
KT Wi AL, FREERIE TR A L, [,
MR A &=k T, FEERIIANmEES
(Fereidoon et al, 2019),

i 2 0 A o g 7 Ak i H ) 7=, BRI O L
SHE S SRR B, EEREFEE K] A
SREIVERT o 2,3- R E N 2,3-5 il i 52 I
BR(RMEMESE, 2016), XTIRBRY) A — & M BESRAE T,
Horpr 2,32 i 7E 3 FhFHI Bk YRR, BB
F il BEAE— R U 5 HL R 5 1T 2-T/ . 3,5-9F
I5-2- | 2-+ — B G A R . LA LLBE 4 R 1Y
Y)Fi(Amjad et al, 2022)7E Tl j5 & &34, £&5 717+
il Ak T o AR AR

T A A7 R ) £ P AR B 8 FhEES, R ELIAR

ORGSR 32, TG = A s . TR S A
1B 1-0 s -3-FE 0 1-2005-3 B AR AEE, X T
R ERAE KBRS 5, o, 1 -3-BE A R 15-
AT R i S AR Ak B 2 ik i G TR 4 £ — ik T TR
PR ERRAE, 2014), HAAMER . RAEWK, W o1
I -3-BE ELAG WA A P 05 A vk, (A ) AT s A
(BFEMLAE, 2019),

G 3] f PR R 2 R O R RN TR, U0 S A PR R
2 H I = BR FIBE R Y K f# 7 P (Li et al, 2020) kT
AR ZEEY T, BRI B EEE
(MBS, 2022), XF R R BT . Tl
T2 B = B e ] BE SRR T £1 By N IR I A A T
T 14 7 4 (Bekhit et al, 2021), 7] B8 5 %04 9143 i
4 X (Eman et al, 2016), HAMPEWK ., kR ILEY
F2FUR TV 3 R A b AR I 2 1) R i (W) B 4
2017), THilJE BBk ] fap & B 2 1 B A A A%
() 2- 2 kg DL K B 2% kR A R 1 2 -2-(2- 130 0
B (5T AR, 2017), Bk T g KUkt A
BLHTHK

MR 5% 2 W R e Ak T forp () 5 B R0 R,
N Q)ITEH OAV, i e H i Bk U fa g ik
SURBYTTEREE ; # OAV>1, WY %t Rk JJ £ X
WA EE S, WG HEY) T (Jiang et al, 2022);
#5 OAV<1, WZY xR T (R RS i 4055, &
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Tab.2 Volatile compounds identified from C. saira
5 R B I i) CE
Clasgic?fation Retentign Sulﬁ;}ﬁnf Tlﬁ;me Content/(ng/ke)
time/min CK 0d C N U
S 2.16 % Propanal — 13895 221.63 383.84 577.30
Aldehydes 7.21 C. % Hexanal 668.29 499.09 541.82 894.89 1202.12
7.49 2-H 3 2- T J# 8% 2-Methyl-2-Butenal - - - 61.99 101.79
8.43 J2-2-1% 4% B (E)-2-Pentenal - 80.96 89.83 167.52 175.03
9.14 2-H 32 I8 2-Methyl-2-Pentenal - - 187.86 296.94 481.81
9.82 BEfE Heptanal 288.45 160.08 254.91 245.78 429.27
10.55 2 -2-CL i (E)-2-Hexenal 102.92 151.16 268.46 346.98 437.86
11.12 JI5i -4- B4 12 (Z)-4-Heptenal 160.91 131.61 222.20 213.07 324.18
12.08 SEWE Octanal 24470 129.87 325.52 316.02 569.48
12.77 JWi-2- 55 4% % (Z)-2-Heptenal - - 3324 4219  64.96
14.08 T-¥# Nonanal 105.09 47.92 185.69 230.60 393.19
14.72 S -2-2F )4 (B)-2-Octenal - - 66.37 88.72 105.80
15.35 (S, 0)-2,4-B% 4B (E,E)-2,4-Heptadienal 64.51 98.07 176.94 284.02 281.38
16.35 75 H ¥ Benzaldehyde 146.65 77.73 291.97 21331 490.17
16.49 & -2-T- 4% (E)-2-Nonenal - - 54.87 35.85  45.08
17.31 (% ,J2)-2,6-T — [ (E,E)-2,6-Nonadienal 50.29 60.37 287.70 261.95 315.37
19.18 4-Z FFEH £ 4-Ethyl-Benzaldehyde - - 61.10  63.27 120.60
S 9.25 1-7% 445 -3-1% 1-Penten-3-ol 352.06 372.45 502.40 788.51 1 137.73
Alcohols 11.24 JXE 1-Pentanol - - 1831  50.53  44.34
12.52 S -2-J%.4%5-1-l(E)-2-Penten-1-ol 164.16 52.83 56.69 84.24 109.59
12.67 JWi-2- 1% 45 - 1 -85 (Z)-2-Penten-1-o0l 177.11 153.12 209.06 246.94 359.61
15.02 1-3F4%-3-B% 1-Octen-3-ol 140.47 106.15 178.01 276.66 364.52
15.09 Bl 1-Heptanol 91.23 5622 101.85 106.99 167.18
17.68 JWi-2-3F 45 - 1-B5(Z)-2-Octen-1-ol - - 60.97 33.19 -
18.33 T-#% 1-Nonanol - - 50.55 68.16 107.89
GES 6.74 2,3-7% i 2,3-Pentanedione 287.75 254.15 148.17 136.08 227.87
Ketones 12.83 2,3-3 i 2,3-Octanedione 107.22 4373 - - -
13.98 2-T-fi| 2-Nonanone 49.17 30.89 102.44 157.98 203.50
16.25 (% ,J)-3,5-3 —}%-2-8{(E,E)-3,5-Octadien-2-one ~ 200.61 191.94 850.55 944.79 1 457.92
17.06 3,5-% " J#-2-Fil 3,5-Octadien-2-one 13043 9251 354.84 363.38 668.30
17.46 2-+—Pfi 2-Undecanone - - 28.68 31.12  52.81
B 21.46 CL % Hexanoic acid - - 49.68 63.14  70.45
Acids 24.97 T Nonanoic acid 95.63 - - 79.01 92.29
Pk 3.01 T4 Nonane - - 85.80 165.84 284.11
Hydrocarbons 3.32 2,4- ¥ 2,4-Octadiene - 62.57 156.66 190.51 393.02
3.48 (i JI50)-3,5-2F — 445 (Z,Z)-3,5-Octadiene - - 91.30 68.04 166.81
4.87 %45 Decane - - 142.77 232.61 422.61
7.55 +—%¢ Undecane - - 67.06 9535 173.84
7.73 1,3-)I7i,5-0i-2 =4 1,3-Z,5-Z-Octatriene - - 111.04 115.65 183.53
7.78 1-Z,3£-1,4-FR 2 — 4% 1-Ethyl-1,4-cyclohexadiene - - 90.20 81.04 149.14
10.12 + ~%% Dodecane 7626 - 95.49 106.42 224.39
10.65 1,5-¥F2% "4 1,5-Cyclooctadiene - - 39.18 - 83.93
12.25 + =%¢ Tridecane 90.54 39.84 79.87 84.12 175.89
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ESE
N L b7 H\ ‘El /a\%
I3k PR e ey WA
. Retention Content /(pg/kg)
Classification . . Substance name
time/min CK 0d C N U
Bk 14.12 U %E Tetradecane - - 21.57 3556 37.18
Hydrocarbons 15.20 3,5,5-=H %-1-CV 4 3,5,5-Trimethyl-2-Hexene — - 34.48 - 51.61
15.63 2,5,5-=H F-2-0 4% 2,5,5-Trimethyl-2-Hexene 360.30 293.89 499.91 531.56 768.77
15.83 + H k% Pentadecane 620.95 541.46 727.08 1073.15 1 115.51
17.61 1,2,3,3a,4,6a-75 & )0 - - 114.86  76.71 103.94

1,2,3,3a,4,6a-Hexahydro-Pentalene

18.48 2,6,10,14-PU F 3+ ke

4594.161 607.783 005.481 975.083 310.61

2,6,10,14-Tetramethyl-Pentadecane

18.71 FR3E 4R 1,3-Cyclooctadiene 227.96 185.60 458.26 562.13 694.35
20.98 1-FF 23 H L3R 2 4 - - - 53.06  73.03
1-Methyl-2-methylenecyclohexane
21.69 7 -5 1 -3 3k 2,065 5 )- B O - - 5240 57.74 6213
(E)-5-Methyl-3-(1-methylethenyl)-Cyclohexene
HoAh 1.61 — H ¥ Trimethylamine 282.12 147.26 149.88 386.58 792.28
Others 31.21 H Rt Dodecanamide 49.19 27.79 - 33.31 71.24
3.93 2-Z, F: 1K 2-Ethyl-Furan — - 86.23 119.28 189.27
11.49 1-Z R4 1-Acetyl-1-cyclohexene - - 86.20 153.22 202.36
12.37 2 -2-(2- 13 45 5k )- W iR (B )-2-(2-Pentenyl)furan - - 93.54 167.10 188.38
19.25 2- H 45 3 ek i 2-Methoxy-Furan — 23.71 36.78 -

7 FoR SRR TR MR, CKOyEER I, 0 d BRI, Ny FARTHRIIEK I, C v Kt il ik

JIf, U RS KT R RO, T EIZRR.
Note: “-"

represents the content below the detection limit, CK represents fresh C. saira, 0 d represents cured C. saira, N

represents naturally dried C. saira, C represents cold air-dried C. saira, U represents UV treated and cold air-dried C. saira. The

same in the figures and tables below.

BURFEE AWM, k3 FR, Ol PR,
JBL-4- BRI | S TR . (R, 0R)-2,4-B G L (%,
J2)-2,6-T- % 180031 120 0-3-0E L 1P
2,30 W . 3,5-9F " d-2-EA A = R 5 ARk T
FE b A ARG Y BT, VR AR A R XU Ak
B FAE L0 N R R R, S -2- TR | 2-2 30k
M. S-2-2FdlE . 2-TfR . 2-F—f . LR 3 AT
TR ] f R s E g s, Hod, B iR ek
(Amjad et al, 2022) 1) L -2-F I . TR, 2-+—H LA
K BA AR (SIS, 2019)0Y 2-2 FEnk I 7E 4841
A KAl OAV ffmr, ERAMHA KUl £ K
FE MR FEE; WA, W-2-PeE s A AR . 4
I (Amjad et al, 2022), HAELLHM4 KAl £
OAV>1, Xf T & HAR AE S0 A EE oIk,

22 BFENELER

i E A 3 W 43 43 BT (principal  component
analysis, PCA) % [ Ik Ji 46 B8 1 4k 5 (Jia et al,
2020), $ 2 MMERGRE T AL LA BEARERMER

SRR T, R 1 R, FERr B TTECR
H 99.65%, Tl LIRAEFE G0 BB RAE B . CK 45
T3 AN LARE S AR B o A BE B, X B B Rk D £ 5
HoAFK ) fa ke S pRaE 22k, Hd, CK 4M
0 d AT PCA A MrEIMZEM, N, C. Ul
T, X 3B 5 Bk I fa ) S A g vk & R ARk
M C 45 U pfmir, vty X1l fam s sh+%
DT i AR G R TR T

2 SRRk ]RGS PR AR, LAS IR
e, SRR T AR T AOBRMR | SR (] TR RN b ml ik
PITETOMR S LT, R LA TR | 75 A [m] B 7R ] e
T B IR | IR R A R[] W 250 A 0 v B M O L, e
HZE H I R SEFE A o

DL X o SR (R, Y oM BRI, SR
INFETRBR , RIS EIXT 5 AR, ARl 3
Fras, Tl E Rk T f ELAT B I 0 J A R A R ] B
R AR T fef £0, U AL EERRFRANRRE S C N 4,
JECEETR MR T €. N ZH . SEmR [ R Sz e 1R i
R AEREE T, SERY RIS &R
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X, CK, 0d, C. N, U Bk PIFAR R IG K, &
A =R T i 2 SR o, Rk T
R TR R SRy 5 B, 3k % BH 58 A1 BE SR AE T il Bk T 6 1) 3%
(A XUBR$E T 7 T A 22 DUk o

3 it

7 it DRHG B A R 98 XU T TR 32 1 9
B, TETHE AR Bk B & A A, IR TR A e
WO NG TR L B WL PR FRSE, MM ARy

A1 AT (Amjad et al, 2022).

Mok RG] L RS T LIRS BT L AR
T L BT B (Lilian et al, 2017), R4 TEA4b
FHZEECO,), AR A A RS A
ey, it S AT E , R 2 B AR
PR R R A, IR L R A
SHOOLEHMAERNFMA T TR NPELESE
('02)(Celia et al, 2021), fHfifi5 B % 4 e A4k . 'O, 0,
PR, K EA RGN RN, SBOGE AL S

*3 MINBEXREWRIBEE OAV

Tab.3 Odor thresholds and aroma-active compounds of C. saira

I5% YT B Th'ffold SRS AV
Classification Substance name Flavor profile CK o0d C N U
value/(ng/Kg)
Ak A Propanal 15.00 SRR | TR Caramel, sweet — 926 14.78 2559 38.49
Aldehydes ./ Hexanal 500  FHEI Green 133.66 99.82 108.36 178.98 240.42
2-FHFE-2- T 4 46.00 AL2F 5 Chemical - - - 1.35 221
2-Methyl-2-Butenal
B Heptanal 2.80 TR Green 103.02 57.17 91.04 87.78 153.31
JFi-4- PE7 1 (Z)-4-Heptenal 0.40 PR . MR Oily, fishy 402.28 329.02 555.51 532.68 810.45
3 Octanal 0.59 FHHLR . MR Green, cittus  414.74220.11 551.72 535.62 965.22
JW5i-2- AT (Z)-2-Heptenal 56.00 TMKERR | % PR - - 0359 075 116
Fried, roasted meat
T-f% Nonanal 1.10 fajlEnk . HEFIK Fishy, caramel  95.53 43.56 168.81209.63 357.45
-2 (E)-2-Octenal 3.00 HHIR . {67 Green, floral - — 2212 29.57 3527
(R, JR)-2,4- 8 — I 15.00  FEsk ., JHASPR Green, oily 430 6.54 11.80 18.93 18.76
(E,E)-2,4-Heptadienal
JZ-2-T-J#T4 (B)-2-Nonenal 0.19 ISR Fatty - —  288.77 188.66237.26
(2,J2)-2,6-T i 0.50 BRI Wk 100.58 120.74 575.41 523.91 630.74
(E,E)-2,6-Nonadienal Green, cucumber
Tk 1-J3Jfi-3-F% 1-Penten-3-ol 360.00 IR, PIFFIR Caramel, meaty 098 1.03 140 219 3.16
Alcohols 1-345-3-% 1-Octen-3-ol 1.50 PE 7 Mushroom 93.65 70.77 118.67 184.44 243.01
1-B#fE 1-Heptanol 5.40 THARYE . HHAFIAR Fatty, citrus 16.89 10.41 18.86 19.81 30.96
-2 -1 -l 20.00 B4R Mushroom - - 3.05 1.66 -
(Z)-2-Octen-1-ol
T-# Nonanol 46.00 ISR Oily, fatty - - 1.10 148 235
iES 2,3-J%. il 2,3-Pentanedione 30.00 WIEE . BEIBE Creamy, buttery  9.59 847 4.94 454 7.60
Ketones 2,3-2F il 2,3-Octanedione 2.52 BEZER Mushroom 4255 1735 - - -
2-F-fifil 2-Nonanone 82.00 7 Flower - 0.75 250 3.85 496
3,5-3 —Hs-2- M 150.00 bk . BEfEE 087 0.62 237 242 446
3,5-Octadien-2-one Earthy, mushroom
2-+— 2-Undecanone 5.50 TR . JHIEYK Fruity, fatty - - 521 566 9.60
iz Acids  T-fi% Nonanoic acid 9.00 2 Rubber 10.63 - - - 1025
" =% Trimethylamine 2.40 R . BEIK Fishy, amine 117.55 61.36 161.08 62.45 330.11
OB 2 A 2-Bibyl-Furan 230 WAlg. EEE ~ - 5186 3749 8229

Cocoa beans, burnt aroma
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Effect of Drying Methods on the Flavor of Cololabis saira Assessed by
GC-M S Coupled with Electronic Tongue

WANG Lin'?, ZHAO Ling', LIU Qi'”, QI Xiangming®, CAO Rong', MU Weili®

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. College of Food Science and Technology, Ocean University of China, Qingdao 266100, China;
3. Rongcheng Yinhai Seafood Co., Ltd., Rongcheng 264308, China)

Abstract Flavor is an important characteristic of seafood products, and drying can produce unique
pleasant flavors. Drying is among the most common methods for processing seafood products. It can
improve quality and shelf-life of seafood products and produce unique flavors. Oxidative hydrolysis of
lipids during dry fish processing in the presence of light, photosensitizers, heat, oxygen, transition metal
ions, and microorganisms produces volatile small molecules, including alcohols, ketones, aldehydes, and
acids, which contribute to the flavor profile of dried fish. Volatile compounds are important components
of seafood flavor. Flavor analyses are usually performed using gas chromatography-ion mobility
spectrometry (GC-IMS) and gas chromatography-mass spectrometry (GC-MS) in combination with
electronic nose/tongue techniques, which not only characterizes the molecular composition of volatile
components in the sample, but also yields macroscopic results via the electronic nose/tongue, ultimately
combining instrumental analysis with quantitative sensory data for a comprehensive evaluation of sample
flavor. Currently, the market sales model of Cololabis saira is mainly based on a single frozen whole
C. saira, and excludes most types of deep-processed products. There is an urgent need to enrich research
into processing effects on C. saira quality and flavor, and further develop markets for deep-processed
C. saira products. To explore the effects of different drying methods on C. saira flavor, we assessed
flavor molecule profiles using GC-MS and electronic tongue techniques. This study aimed to provide a
theoretical basis for improving C. saira product flavor, thereby enhancing the economic impact of the
C. saira industry. In this study, C. saira was thawed in low-temperature air, and the giblets were removed
and diagonally cut. Pre-treated fish were then soaked in 15% salt water for 1 h, drained naturally, and
subjected to natural drying (natural air-drying on a sunny day in autumn for 3 days, environmental
temperature 10~20 C, humidity 25%~42%), cold air-drying (continuous cold air-drying for 3 days,
setting temperature (15+2) °C, relative humidity 38%~40%), and UV with cold air-drying (continuous UV
with cold air-drying for 3 days, ultraviolet lamp irradiation, setting temperature (15+2) C, relative
humidity 38%~40%). The flavor profiles of fresh fish (CK), cured fish (0 d), naturally dried fish (N), cold
air-dried fish (C), and UV treated cold air-dried fish (U) were compared. Significant differences were
observed in the odor and taste of dried C. saira among products of the different drying methods. GC-MS
results showed that a total of 58 volatile flavor substances were detected, including aldehydes, alcohols,
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ketones, acids, hydrocarbons, and nitrogenous compounds. Increased alcohols, aldehydes, and ketones
enriched the fatty aroma of the three dried C. saira samples to varying degrees. Among them, the contents
of cis-2-heptenal, octylaldehyde, 2-ethylfuran and other substances in U group increased significantly,
increasing to 64.96, 569.48 and 189.27 pg/kg, respectively, so that the U group had richer fat flavor.
Hexanal, heptanal, Z-4-heptenal, octanal, nonanal, (E,E)-2,4-heptadienal, (E,E)-2,6-nonandialdehyde,
1-octen-3-ol, heptanol, 2,3-pentanedione, 3,5-octadien-2-one, and trimethylamine were the odor-active
substances common to the five C. saira samples and were used as flavor compounds to characterize the
oily and fishy taste of C. saira. E-2-nonenal, 2-ethylfuran, E-2-octenal, 2-nonanone, 2-undecanone, and
1-nonanol are three odor-active substances specific to dried C. saira, with E-2-octenal, 1-nonanol and
2-undecanone, which have an oily smell, and 2-ethylfuran, which has a burnt smell, having the highest
odor aroma-active in the U group. Salty taste, richness, bitterness, astringency, and sourness of the fish
increased after the drying process, especially salty taste and richness. Only fresh taste was significantly
reduced relative to fresh fish. Saltiness, freshness, and richness of dried fish are important taste indicators.
Salty taste and richness increased significantly after the three drying processes, whereas freshness
decreased. Group U exhibited the highest salty taste and richness.

In conclusion, the volatile odor and profile of C. saira changed significantly with each of three
drying processes (natural drying, cold air drying, and UV with cold air drying), all of which increased the
fatty flavor and considerably reduced the fishy flavor. Moderate oxidation positively contributes to
C. saira flavor. Increased fatty flavor reduces the proportion of fishy substances, thus improving C. saira
flavor. UV irradiation with cold air drying promoted lipid oxidation to some extent, producing more fatty
substances, as well as cis-2-heptenal and 2-ethylfuran, which enriched the roasted, charred flavor of dried
C. saira. Salinity, freshness, and richness are important taste indicators of dried C. saira. All three drying
methods enhanced the salinity and richness of C.saira, and UV irradiation with cold air-drying
significantly improved the salinity and richness of the fish and enriched its taste and aftertaste. Therefore,
among the three drying methods, the method involving UV with cold air drying significantly enriched the
flavor of C. saira to the greatest extent.

Key words Cololabis saira; Natural drying; Cold air drying; UV with cold air drying; Flavor change



