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nosine triphosphate, ATP)., B2 %4 (adenosine
diphosphate, ADP). M1 (inosine monphosph-
ate, IMP). K75 IZI% (hypoxanthine, Hx), 3¢
Sigma/Z\ &) ; — 85 MR % F (adenosine monophosp-
hate, AMP)., K& IS (insoine, HxR), H
ARTCIA W ; OISR BER 2 . PR a8 .
P, 44T 9 &R (perchloric acid, PCA)., &
FALER . =& £ R (Trichloroacetic acid, TCA).
A, Jban, EZEREE G RA A
1770 35 R FLRIE bR, T E RSB A
Pt E S5 EF AT A g2,4,6- = AL
meiE , 32 E Sigmad Al o

1.2 MITZE

g il AN T 408 = A B B —k
2955 (30 min)—JH (180 °C, 5 min)—%5 Y25
(1 min), Hrr, 5 —kED: BHEQ0%). &H
EH(1.5%). BQ%). Z(1%). #=(1%). B 1%)
FAE Jh 3 (5%)12 B30 min, 8. HRIEE
180 °C, HHBMFIE]S min, 2F " WRIZTE: ZELEKAIH
(5%). HAFEKO0.1%). HEPHEG%) . &% il
(10%). 7K (60%)Z% il 10 min/5 ¥ 5% 1 min,

ARSI T FAF 5 B AR e L S8 i FE A
TR 4rB B EEEP R (a)) . —IKIZT
P fa(a). — R HEY M0 —KiZ
BURMEE, B WETY AEf(e,, AL
ih)o AT HE— 25 WIS I R X — T X PR XU
YIRS, K A 0 R R B i A (e I A
AR, bo)E A X IR . & K ST TR
R
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T SO AH %A, W2690/536 [F WatersZy
Ay AHEMR A 34 ML L-8800, H A HitachiZy
Al WEEEFes pmE LA/ o
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FE A AL, 3% [ SupelcoZy H] 5 6890 GC-5975
MSAAH 5% — B 3% e AL, 35 [ Agilent/s 7 ;
AUW320H 74387 K7, HARRHE/AF; H2050R
R TR B OHL, KRIDMCABRA T ; DF-101S
AL P STE IR N RE T BEHEAS U ST T AR
AIRTHT AT ; HY-STHBER, i B A
VLR B/ A PR A ZQO2CI2AKE Y, Wil &
fRIs g B A R AR JLBHIYC-21HECOS HL
B, JLBHAR A RS w5 i R DW-25W3001I% i
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UKAE, R PHUER IS ARA A
14 XWH*E

ZHBRENESM AN 5% Yokoyama®
BN E I7 9 o 43 I FRHELS.00 ghE 5 T-50 mLES O
L IA R E BN 10%AYPCA 10 mL, 2)3K )5
YR ES 0 (10 000 t/min, 15 min, 4°C), HUE.LJE
FIEW, 15 mL 5% PCAVERITIE, THIRE L
\E U EHE2R, AIF LW, A 10 mol/LAI
1 mol/LIY KOH ¥ 4 19 pH{E 4 6.50, 30 min,
B EERERESOmL, $25), 150.22 umJE 5
Fpl B4 BT FR A 0~4 °C T H8A4E

B AR (A3 2547 . ODS-SPC g (8,15 4F: (4.6 mmx
250 mm, 5pm), PAFHEHIE@ mmx10mm, 5 pm);
WENAIA, 0.05 mol/LuMR — S 41 I R & — 40
(RFLECL = D W, BRI pHIE N 6.50; i
BB, WIRESW, AFEBREVEN; W 1 mL/min;
FEHR28 °C; K 1254 nm; FEFEE10 pL,

B BB T 2 2% WR 61 5 55 I 53
Wik o o BIARER2.00 gfEdh, A 1S mLJF & 5
BOMIS%TCAB I, SIKIGHE2h, BUHRELO
(10 000 r/min, 15min, 4°C), B {5 mL, M
3 mol/LAYNaOHA M I pHIE £2.0, EAZE10mL,
FEAT, 320.22 pmdE B S RF

AEBR QP NE/ A (4.6 mm x
150 mm, 7 um); S &R, FHEF 3SR ;
FEVRBEST °C;5 K K 570 nm(fifi & B2 4 440 nm);
2 W VA VR (158 38 ) 3 0.40 mL/min; S K Bl =
P 7] 5 B R ¥ (238 3 )9 #80.35 mL/min; i FE
20 uL,

A8 & — AT YHE T R A A 5
B 2.50 g, SRJEITA2.50 mL 0.18 g/mL NaCl
VW, A3 5 TG BT 20 mL T2 3 Ao 56 AR
023 [ AH IR F . R AH65 um PDMS/DVBIi]
R ERCS, , ZEBUEEE45 °C, FEHUN A1 40 min.

g P R PR 40 °C, PR EF
2 min, P14 °C/minJ} %160 °C, #RJ5LA10 °C/min
F2250 °C, RFES ming AU HA
(He)Ji & 1.0 mL/min; #EFE TR E250 °C; i Wil
JE250 °C; f#WLIE]S min, %A fEHn Ll
280 °C; DU ATIELEE 150 °C; B EE 230 °C;
HFRESR70 eV BimdiiuFm/z 35~350,

1.5 #FEAIE

A% B KA M Aot B R IR BR AR AT
FISPSS 17.0XF ¥ 4 47 J5 22430, W AR H
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Duncan [Gi% #E 17 i 2 M0 o

GC-MS# #4541 kM5 R HINIST
02F Wiley JTT i Z 4 FEE AT VE e M, H Y IE X
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B 8 KA R A 41 R FH AR XA 3%
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R e AL o 1) 2 i RVRE B ) SRR BB . A 4
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BRFFEEY, AMPSIMP, AEAMA KL ARA
Prml 3G VR Y, IMPFEa. ay. by, b File
B &40 1 247.05, 300.28, 344.27. 308.35F1
279.14 mg/100 g, ayF EFimi ik, by & E A,
aglY TAV=9.88, HAAE & Y TAVIY W 3 1 52
(), KRB SA B TS IMPH &,
X RO A T TR

22 RETDGHIELEEGTIREFIHNFSE
FEBRTK

ag. a;. by, byfle HilE R &SR 3 M 327.07
402.81, 379.23. 495.35%11349.93 mg/100 g, WK
AR G AR N T0.40% ., 74.84% . 70.51%.
74.13%H173.35%, AR B EW LIHEEGER2);
a. bo\ blﬂlcl*%%ﬁ%ﬁﬁttaoﬁ%ﬂﬁ%%&M%\
0.16% . 5.30%F14.20%; I3 75t Fl i 8 o 72 K 4
HAR . & M. SERAITERNTAVY) B &5
Tag(#£3); KM RELAMRMAARTAV>1,
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50, 84, 65. 78FI82Ff(F4), KR WEM LTt
R, FEREEI. M. EE B, UK
DEEE . FEAAY . SRAEY . FEK.
PRI . PR MHAL LG, Q)i
T3-HEETEE, 2-WRTE., . FE., K2
B FRE. X (B, E)-2,4- TIREE . -5
3-FE . URME . AR . A TTE . 3-43K-2,5-
TIPSR 2-2%6-3,5- I LR | 2-FT 3T
TR T i A0 2- 1 5 1ok g %oF ¢ XU o3 ik S 35 (2 5) o
R R MR R R S . I Rk
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Tab.1  Contents of nucleotides of O. niloticus during the processing of Shanghai smoked fish  11,6/100 ¢
IR B iR oo WRIESEREM  EARRT  BERART —BRRIRT  wREsmEH REEY ORI
processing stages IMP TAV ATP ADP AMP TAV Hx HxR
a 247.05+12.32° 9.88 18.36+1.84°  8.38+0.68" 9.59+0.54" 0.19 4.42+0.49° 16.57+0.71°
a; 300.28+5.66™ 12.01 15.48+0.94°  9.40+0.42" 6.71£0.70° 0.13 3.3840.17° 8.36+0.48"
by 344.27+11.64° 13.77 9.86+1.27° 10.17+0.47°  13.80+0.71° 0.28 3.37+0.04° 16.21+0.83°
b, 308.35+6.86° 12.33 8.25+1.03" 9.39+0.11% 11.61£0.09° 0.23 3.75+0.11° 24.04+0.68°
¢ 279.14+7.78° 11.17 6.29+2.52° 7.51£0.26° 9.56+0.27° 0.19 8.98+1.20°  7.79+0.50°

e FATRARARANG FREFORZE R B (P<0.05), R, BREBREETAV)>1, 2RECREZE"; TAV<I, ZRICRAEED
Notes: in the same row, values with different small letter superscripts mean significant differences (P<0.05), the same below. Taste activity value (TAV) >

1, taste effect is significant'"”; TAV<I, taste effect is not significant"”!
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Tab.2  Contents of free amino acids of O. niloticus during the processing of Shanghai smoked fish mg/100 g
AHER SkiEI B (mg/100 mL)
amino acids flavor characteristics i & K b ° taste threshold

REEE  Asp* E /R (+) 3.26+£0.07°  3.54+0.01°  3.34+£0.03°  4.02+0.02°  5.81+0.07° 3
HEEE  Thr* FH(+) 20.87+£1.04° 16.34+0.04° 22.4240.22% 17.97+0.41° 15.34+0.11° 260
YR Ser* ) 2.83+0.13"  4.0040.09°  2.99+0.08"  5.22+0.07°  6.52+0.11¢ 150
BHEER Glu* Bt /TR (+) 6.55+0.08°  29.53+0.77° 7.62+0.21°  40.60+1.14° 50.18+1.75° 5
H%# Gly* FH(+) 123.44+0.58" 209.12+1.36° 142.45+0.83" 248.26+2.18° 149.82+1.89° 130
WA Ala* ) 34.63£0.21¢ 27.53+0.32° 39.86+0.03° 32.36+0.21° 24.26+0.12° 60
FMER  Cys TR (-) 0.95+0.01°  0.89+0.00°  1.96£0.00°  2.04+0.00°  1.68+0.00° ND
A  Val* ) 3.5420.09°  4.09+0.11°  4.34£0.04" 5.89+0.14°  5.52+0.13° 40
PR Met EF R () 0.29+0.01°  0.32+£0.01°  0.44+£0.02°  0.58+0.03°  0.76+0.02° 30
FEER  Tle* () 1.54£0.05°  2.10£0.02°  1.90£0.04°> 2.96+0.07°  3.58+0.09° 90
FHEER  Leu* () 3.2140.14°  3.96+0.07° 3.93£0.01"  5.43+0.08°  6.03+0.07° 190
&R Tyr () 1.1440.04"  1.04£0.00°  1.26+0.04° 1.36£0.07°  1.34+0.04° ND
N  Phe* () 1.1540.07"  1.16£0.02°  1.07+0.01°  1.80+0.01°  3.55+0.08° 90
Wi Lys* /() 23.54+£0.44° 39.78+0.85° 28.69+0.46° 51.53+1.18% 28.35+0.48" 50
HZ R His () 35.9040.65° 26.55+1.04° 40.2240.59° 31.01+0.73° 21.65+0.49° 20
R Arg FE A (+) 4.69+0.25"  5.11£0.20° 5.60+0.13°  7.59+0.14°  5.44+0.28" 50
JHZER Pro* A/ () 59.54+1.39% 27.75+0.85" 71.14£1.41° 36.74£0.46° 20.09+0.51° 300
ME total 327.07+3.92° 402.81+2.87% 379.23+1.28° 495.35+6.30° 349.93+4.98"
e 70.40 74.84 70.51 74.13 73.35

percentage of taste amino acids

T AN RREERR, AADTFEER; ok,

FORIREANLF, “ND”Fm BE AR A ]

Notes: % taste amino acid, A . essential amino acid, +. pleasant taste; —. unpleasant taste, ND. taste threshold not detected

*3 REFZFeFFLEESIEDERIERNKEREE

Tab.3 Taste activity value of flavor amino acids of O. niloticus during the processing of Shanghai smoked fish

pImN 1= REAR A BB HaEmR W& i 2R
processing stages Asp Ser Glu Gly Ala Pro
a, 1.09 0.02 1.31 0.95 0.58 0.20
a; 1.18 0.03 591 1.61 0.46 0.09
by 1.11 0.02 1.52 1.10 0.66 0.24
b; 1.34 0.03 8.12 1.91 0.54 0.12
¢ 1.94 0.04 10.04 1.15 0.40 0.07

WLk 18 26 1 Wk T 2 ) o 2L B, % i PR XU T il
A TRk

3 iR
3.1 ZEBRMESSER
BEAMEE, MPEER SRS, T8
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JEIH . OfmRIE)E, ATPEEZ MRS5S TIKIK
% f#  ADP. AMP, IMP, HxRFIHx"; QATP
it PR 22 iR R R e ATPRE i, fif
IMPHR AR, B EE B4 & BN FA R /615 min
JEAXATPE & 35 T 1, IMPE & W38 ; GIMP
EF A T REM R, —REBSE R
WA T A pH"", fEHFIMPHE— [ fif; @/
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x4 RETEEFELEEEIRINELMYRSE

Tab.4  Contents of volatile components of O. niloticus during the processing of Shanghai smoked fish ng/g

RN

volatile components

B4R aldehydes

A a bo b, €

3-FHETHE  3-methylbutyraldehyde — — 5.58+0.10 19.84+1.11 11.74+0.75
2-FHJE TS 2-methylbutyraldehyde — — 8.36+0.41 42.69+2.28 21.42+0.58
CU%  hexanal 223.56+6.96 20.37+0.86 138.80+3.84 47.4440.74 39.98+1.50
(2)-4-PefTE  (Z)-4-heptenal 0.53+0.02 — — — -

% heptanal 17.79+2.06 — 26.87+1.93 12.21£0.03 10.37+0.39
ZKH%  benzaldehyde 8.63+0.82 — 15.90+0.17 21.24+0.16 19.92+0.70
(E, E)-2,4-FF )&l (E, E)-2,4-heptadienal 2.27+0.63 — — — —
K% benzeneacetaldehyde — 30.49+1.88 11.36+0.55 36.73£1.39 30.02+0.58
(E)-2-¢ % (E)-2-octenal 7.73+0.32 — — — —

T-/#% nonanal 60.38+4.30 28.31+3.47 49.98+2.47 39.66+0.89 26.85+0.52
4% decanal 7.44+0.42 8.35+0.22 7.13£0.36 8.90+0.30 7.98+0.28
(E, E)-24-T_J#&E (E, E)-2,4-nonadienal 0.96+0.08 — — — —
(2)-F7H5RE  (Z)-citral — 30.2942.08 — — —

X EFE R anisicaldehyde — — — — 19.37+0.32
(E)-2-%J% % (E)-2-decenal — — — — 7.460.29
(E)-EERE  (E)-cinnamaldehyde — — — — 38.28+1.86
Frig®e  citral — 38.2743.55 — 7.86:0.46 2.7040.02
(E, B)-2,4-% 4%l (E, E)-2,4-decadienal 3.86+0.41 2.06+0.02 4.91+0.08 2.29+0.07 1.70+0.01
+T#%  pentadecanal — 2.6240.01 — — —
+PURE  tetradecanal — — 0.78+0.02 — —

A1 total 333.15 160.76 269.67 238.86 237.79
2%  ketones

2-ifA  2-heptanone 7.00£0.17 — 10.10£0.28 15.12+0.22 10.09+0.41
6-FFE-2-BEfll  6-methyl-2-heptanone 0.79+0.04 — — — —
3-ZFEIRLEA  3-ethylcyclopentanone — — — 6.17+0.02 —
3-Fff  3-octanone 3.95+0.26 — — — —
6-F13E-5-PEMfi-2-  6-methyl-5-hepten-2-one — 8.14+0.51 — 35.47+1.03 25.02+0.72
KM acetophenone — 0.82+0.02 — — —
2-T:fi 2-nonanone 3.91£0.02 — 4.71+0.38 — —
3-T:4%-2-Ff  3-nonen-2-one — — — — 2.3240.02
&Ml camphor — 11.85+0.74 — — —
2-%4ff]  2-decanone 2.54+0.22 — 3.50+0.19 — —
d-THERERT - d-verbenone — 3.56+0.19 — — —
2-1—%Elld  2-undecanone — 5.05+0.47 — — —

http://www.scxuebao.cn
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R4
R a a by b, ¢
volatile components

6,10,14-=F %2+ T e i — 0.5120.02 — — —
6,10,14-trimethyl-2-pentadecanone
#it  total 18.19 29.93 18.31 56.76 37.43
B3 alcohols
1-J4Jf-3-B%  1-penten-3-ol 3.26+0.07 — — — —
3-FI%-1-THE  3-methyl-1-butanol — 10.25+0.31 — — 2.74+0.12
2-HI3-1-THE  2-methyl-1-butanol — 7.81+1.01 — — —
JREE  pentanol 10.49+0.47 2.5140.17 8.03+0.26 7.54+0.46 6.19+0.07
Tl hexanol 33.45+2.97 37.36+2.84 8.13+0.20 — 1.6620.01
JEEE  heptanol 5.96+0.48 3.48+0.34 4.58+0.21 4.71£0.24 —
1-%¥5-3-FF  1-octen-3-ol 55.75+4.23 28.46+0.57 32.27+1.86 39.70+2.87 32.24+0.31
FEmJHEE  eucalyptol — 72.41+4.58 — 36.95+0.44 33.90+2.43
2-ZFC\E  2-ethylhexanol 7.92+0.42 — — — —
4-Z 3R CEE  4-ethylcyclohexanol — — 10.78+0.77 — —
(Z)-1-H1 Fe-4-(1- 1 e 2. 0)-2- 34 O M- 1- I — 1.11£0.10 — — —
(Z)-1-methyl-4-(1-methylethyl)-2-cyclohexen-1-ol
(Z)-2-FHi-1-BE  (Z)-2-octen-1-ol 8.48+0.31 — — — 6.10+0.18
RERE  cyclooctanol — 6.660.41 — — —
1-3EHe-3-[  1-octyn-3-ol — 12.70+0.18 — — —
SR octanol — — — — 11.030.30
2-CHE-1-E  2-hexyl-1-octanol — — — 4.70+0.31 —
Z L phenylethyl alcohol — 14.24+0.89 — — —
4-i5J#WE  terpinen-4-ol — 17.88+1.36 — — —
YUK/ borneol — 31.04+1.91 — — —
1,7,7-= HEE 3R [2.2. 1] B¢ -2- i — — — 7.12+0.40 —
1,7,7-trimethylbicyclo[2.2.1]heptan-2-ol
2-(4-FHEZKIL)N-2-fF  2-(4-methylphenyl)propan-2-ol — 4.78+0.25 — — —
AL citronellol — 10.9120.60 — — —
B geraniol — 24.34+0.80 — — —
&it  total 125.31 285.94 63.79 100.72 93.86
$%JE  alkanes
JRMi  pinene — 13.612.07 1.58+0.02 15.61+0.29 11.52+0.41
)i camphene — 18.91+0.24 — 18.16+1.13 16.41+0.35
B-JR)M  PB-pinene — 13.69+0.47 — — —
5-2.5£-2,23-ZHEPEkE  S-ethyl-2,2,3-trimethylheptane — — 8.65+0.53 — —
3-#% M 3-carene — 55.34+2.15 — 91.98+2.04 79.22+2.07
2-¥ 4 2-carene — 2.2540.19 — — —
AR D-limonene 4.83+0.30 163.83+3.27  80.05+2.31 264.15£436  260.79+4.55

http://www.scxuebao.cn
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k4
HERMEYT

volatile components % “ B b i
P B-ocimene — 1.73+0.07 — — —
i) y-terpinene — 3.9240.25 — — —
4-HIEA+ =% 4-methyltridecane — — — 2.58+0.01 —
+—%t undecane 60.77+5.31 127.3243.84 3.90+0.33 6.75+0.38 71.67+4.26
5-HEE+—%t S5-methylundecane — — 4.23+0.63 — —
2,6,10,14- P4 F 3Lk — — — 6.7620.15 —
2,6,10,14-tetramethylheptadecane
FE VRN L-camphor — — — 4.52+0.20 4.82+0.15
3-H3E+—%¢ 3-methylundecane — — 4.45+0.11 — —
Tt dodecane 4.96+0.23 8.08+0.50 14.20+1.28 15.08+0.76 —
Z&Jt  decane — — 9.18+0.06 — —
2,6,10-=H 3+ "%t  2,6,10-trimethyldodecane — — 0.80+0.01 6.23+0.16 —
¥t eicosane — — 2.84%0.22 1.67+0.06 —
3,5,24- =PI+t 3,524-trimethyltetracontane — — 5.50+0.20 8.27+0.25 1.15+0.02
6-FF+FHbE  6-methylpentadecane — — — 4.51+0.30 —
+/Lf  nonadecane — — 3.36+0.33 5.98+0.19 9.70+0.03
10-FZE+JLkt  10-methylnonadecane — — — 1.79+0.03 —
2,6,11-=H 3+ "%t  2,6,11-trimethyldodecane — — 6.35+0.65 6.03+0.22 —
+=%t tridecane 3.65+0.22 6.96+1.35 11.494+0.34 8.96+0.21 4.98+0.05
6,9-—H AUkt 6,9-dimethyltetradecane — — 1.65+0.02 — —
2,3,5,8-VUH % Ht  2,3,5,8-tetramethyldecane — — 4.02+0.20 — —
Z+J\¥t octacosane — — — 12.82+0.41 —
(BR-x 3)-4- )i FH-4- PR HE-3-(1- L 20 2 )- 1- — 18.98+0.16 — — 12.14+0.60
(-3 233 R )%
(3R-trans)-4-ethenyl-4-methyl-3-(1-methylethenyl)-1-
(1-methylethyl)-cyclohexene
2,6-—HHAtkE 2,6-dimethylheptadecane — — — 8.83+0.12 —
ZF75kE  hexacosane — — 10.15+0.32 13.66+0.53 —
“+—¥%t heneicosane — — 5.81+0.10 — —
— Lkt heptacosane — — — 6.82+0.03 —
2,6,10-=H &+ FHE  2,6,10-trimethylpentadecane — — 7.32+7.32 — —
2-FBE 8-+ "kt 2-methyl-8-propyldodecane — — 13.69+0.81 — —
o- U a-copaene — 37.49+0.21 — 22.61+0.84 38.26+1.52
2,6,6-=HHZpE  2,6,6-trimethyldecane — — 3.25+0.28 — —
3-H3E+=%i 3-methyltridecane — — 5.41£0.28 — —
2,5-ZHEAPULE  2,5-dimethyltetradecane — — — 1.92+0.01 —
[1S-(1o., 2B, 4P)]-1-Z.Jf2E-1-H 2E-2,4-XU — 8.31+0.43 — — —

(1-FR3E 2R e
[1S-(1a, 2B, 4PB)]-1-ethenyl-1-methyl-2,4-bis
(1-methylethenyl)-cyclohexane

http://www.scxuebao.cn


http://www.scxuebao.cn

1668 KoE ¥R 43 %
&R
PR
. ay a; by b; c
volatile components
Ukt tetradecane 3.05+0.23 3.80+0.32 11.66+0.89 19.78+1.04 3.830.12
2,6,10-=H2E+PUgE  2,6,10-trimethyltetradecane — — — 8.12+0.43 —
+ /5t octadecane — — 5.55+0.18 2.70+0.07 —
2,6 FJE-6-(4- FA HE-3- 1A B0 WU [3. 1. 1] PE-2- 4 — 3.21+0.17 — — —
2,6-dimethyl-6-(4-methyl-3-pentenyl)-bicyclo[3.1.1]
hept-2-ene
FYri  caryophyllene — 225.08+6.02 — 106.24+3.40 71.384+2.46
(Z)-B-%E W% (Z)-B-farnesene — 2.01+0.14 — — —
-+ 4 cyclododecane 6.47+0.33 — — — —
Y- W% y-muurolene — 4.89+0.25 — — 1.18+0.03
y-KIJR)E  y-longipinene — 7.37+0.45 — — —
[S-(R", S")]-5-(1,5- F H-4- U 2)-2- F - 1,3- — 160.53+7.06 — 36.42+1.65 17.33+0.22
7N
[S-(R", S")]-5-(1,5-dimethyl-4-hexenyl)-2-methyl-1,
3-cyclohexadiene
+Tikt  pentadecane 1.7440.10 — 10.53+0.27 13.24+0.46 1.110.05
-t Ziki  B-bisabolene — 42.52+3.52 — 7.70£0.53 4.25+0.11
[S-(R", SM)]-3-(1,5- ~FF-4-CUF3E)-6- 0 FHIF O — 51.80+1.36 — 7.94+0.38 —
[S-(R", S")]-3-(1,5-dimethyl-4-hexenyl)-6-
methylenecyclohexene
a-BEWE M a-cadinene — — — — 7.90+0.05
+75%E  hexadecane 1.11+0.02 — 3.05+0.28 5.26+0.14 —
+-tki  heptadecane 2.81+0.09 3.33+0.19 4.31£0.07 8.50:0.52 1.72+0.04
ZFPUkE  tetracosane — — 4.96+0.28 — —
&l total 89.39 984.96 247.94 749.92 622.82
Wi  S-containings
Z W  methoxymethane — 33.22+0.57 — 47.68+1.85 91.63+0.08
ZHEHRBF  dimethyl sulfide 2.70+£0.09 — — — —
AL methyl-thiirane — — — 7.86+0.36 10.58+0.33
1-(FA%E)-1-Fb  1-(methylthio)-1-propyne 1.94+0.14 — — — —
FEBTISERRRE  allylmethyl-sulfide — 49.01+3.01 — — —
LA 1-(methylthio)-propane — 6.79+0.42 — — —
(2)-1-(F i %E)-1-T9)%  (Z)-1-(methylthio)-1-propene — 11.61£0.04 — — —
ZIEASEREE  diallyl sulfide — 17.99+0.67 — — —
2,4- " HIFEEWS 2 4-dimethylthiophene — 4.22+0.24 — — —
4G HE  4-allylanisole — — — — 54.53+1.97
TR R R Y di-tert-dodecyldisulfide — — 5.71+0.06 — —
A1t total 4.64 122.84 5.71 55.54 156.74
%3 N-containings
ZHZ  trimethylamine 16.87+0.32 5.04+0.11 12.18+0.07 1.33+0.03 0.490.01
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FER TP
. ay a; by b, ¢
volatile components

N-F LM% 1-methyl-1H-pyrrole — — 3.96+0.19 5.86+0.27 6.55+0.23
2,5-ZHIFENMEEE  2,5-dimethylpyrazine — — 10.44+0.41 40.92+1.40 31.4141.93
2,6-— HIFENEEE  2,6-dimethylpyrazine — — — 20.83+1.47 12.74+0.82
1- P2 2 Jf - T H- R e — — — — 8.77+0.40
1-methyl-2-vinyl-1H-imidazole
2,3- " HAENMEEE  2,3-dimethylpyrazine — — 2.11£0.08 16.96+1.05 8.88+0.27
2-2.55-6-FHELNEE  2-ethyl-6-methylpyrazine — — — 21.28+1.39 16.35+0.69
2-2.H5-5-FHENEE  2-ethyl-5-methylpyrazine — — — 43.82+1.73 25.88+0.50
2-Z MM 1-(1H-pyrrol-2-yl)-ethanone — — — 5.200.08
3-2.3:-2,5- " HAENEEE  3-ethyl-2,5-dimethylpyrazine — — — 62.73+£2.37 44.5142.19
2-2.3:-3,5- " HAENEEE  2-ethyl-3,5-dimethylpyrazine — — — 60.30+0.22 35.46+0.92
2,3- " HJE-5- 28N 2,3-dimethyl-5-ethylpyrazine — — 15.14+0.30 — 4.81+0.18
2,5- "M 2,5-diethylpyrazine — — — — 8.18+0.12
2,5- 7 FJE-3-(2- L P %) -t 1 — — — — 2.30+0.10
2,5-dimethyl-3-(2-methylpropyl)-pyrazine
&t total 16.87 5.04 43.83 274.03 211.53
FH&EK aromatics
FZX  toluene 2.42+0.16 2.02+0.04 1.86+0.03 0.89+0.01 0.30+0.00
X HZ  p-xylene — — 1.68+0.03 — 1.18+0.01
FKLIF  styrene — — — 1.99+0.04 1.54+0.05
A RE-Z55E5  methoxy-phenyl-oxime 4.24+0.03 2.63+0.03 3.55+0.03 1.02+0.02 0.3240.00
4-FHHEHZE  p-cymene — — — 11.49+0.68 —
2,3- & -4-HHE-1H-Ei  2,3-dihydro-4-methyl-1H-indene — — — — 4.61+0.04
1,2,4,5-VUF % 1,2,4,5-tetramethylbenzene — — — — 9.63+0.51
2,4,6-= H%E-1,3- K i — — — — 5.33+0.24
2,4,6-Trimethyl-1,3-phenylenediamine
2% naphthalene 3.85+0.31 4.79+0.33 4.39+0.29 7.12+0.19 44.76+1.28
1-2.3£-2,4,5-=H 3K 1-ethyl-2,4,5-trimethylbenzene — — — — 6.36£0.06
2,3-T50-4,7- - TH-Efi — — — — 3.1740.21
2,3-dihydro-4,7-dimethyl-1H-indene
TR pentamethylbenzene — — — — 5.49+0.22
Hi M anethole 3.1840.01 11.52+0.68 — — 53.10+1.94
1-F13£2%  1-methylnaphthalene — 3.83+0.08 — — —
2-Fi3£2%  2-methylnaphthalene 3.14+0.34 4.04+0.00 — — 1.19+0.03
T eugenol — 11.75+0.71 — — —
1-(1,5-— F E-4- T JE)-4- R JE 2 — 34.97+1.82 — 8.62+0.15 4.24+0.17
1-(1,5-dimethyl-4-hexenyl)-4-methylbenzene
(la, 4aB, 8aw)-1,2,3,4,4a,5,6,8a- )\ &-7-F - — 11.90+1.28 — — —
4-T0 - 1-(1-F 20 )- 2%
(la, 4aP, 8aa)-1,2,3,4,4a,5,6,8a-octahydro-7-methyl-
4-methylene-1-(1-methylethyl)-naphthalene
2,6- T HEXT I butylated hydroxytoluene 8.15+0.35 15.16+0.68 40.74+3.45 48.68+3.25 9.88+0.28
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. ay a; by b; c
volatile components

2,6-W(1,1-— 1 5 Z,98)-4-(1 -8 AR P JL ) R By 0.85+0.04 2.2440.03 0.57+0.05 0.82+0.02 0.78+0.04
2,6-bis(1,1-dimethylethyl)-4-(1-oxopropyl)phenol
2,2-XUk F 2R B 4 424 ,4'-(1-methylethylidene)bis-phenol  — 1.34+0.15 — — —
A1t total 25.83 106.19 52.79 80.63 151.88
BRK  acids
F2FZ B hydroxyacetic acid — — 1.34+0.03 — —
+PUfR  tetradecanoic acid 1.22+0.09 0.54+0.03 — — 0.98+0.03
1758 n-hexadecanoic acid 3.2940.16 3.62+0.15 2.3440.10 1.48+0.02 8.92+0.54
A1t total 451 4.16 3.68 1.48 9.90
&K esters
RETETEE  methyl carbamate — 4.57+0.41 — — —
THERTEE methyl butyrate 5.95+0.32 — 5.73+0.27 6.02+0.22 5.59+0.07
2-HEETERHEE  methyl 2-methylbutyrate 3.2840.20 1.53+0.01 3.34+0.28 3.2140.07 3.20+0.15
ZFR5EIEE  isopentyl acetate — — 1.220.02 0.92+0.02 1.22+0.14
CERHEE  methyl caproate 2.78+0.30 2.41+0.13 — — —
FKHMRFEE  benzoic acid methyl ester — 5.28+0.36 — — —
KB  benzoic acid ethyl ester — 10.90+£0.21 — — —
TR nonanoic acid methyl ester 1.37+0.12 — — — —
2-FFE-1-(1,1- = 1 5 2, 98- 2- F - 1,3- T - ki 2- — 7.81+0.51 — — —
methyl-1-(1,1-dimethylethyl)-2-methyl-1,3-
propanedicarboxylate
+VUERHEE  methyl tetradecanoate 0.61+0.04 — — — —
AR HER R TEE diisobutylphthalate 7.15£0.45 — — —
T/NERHEE  hexadecanoic acid methyl ester 0.99+0.06 1.22+0.03 — — —
Al total 14.98 36.30 10.29 10.15 10.01
HAth  others
2-23-2-FEEHH L bE  2-ethyl-2-methyloxirane — — — 6.14%0.13 —
L2-H5-2-F3E T8 1,2-methyl-2-ethyloxirane — — 2.02+0.01 — —
22-“HEH T HE  2,2-dimethoxybutane — — — 1.35+0.05 —
2-1E K FEMEIR  2-pentylfuran 25.36+2.28 31.36+0.36 48.22+2 .41 51.43+1.73 71.29+1.81
A1 total 25.36 31.36 50.24 58.92 71.29

e R AR

Notes: —. not detected

A MR R AE e RS B B Y, E,
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Tab.S Relative odor activity value of volatile components of O. niloticus during the processing of Shanghai smoked fish

7RI R I/ (ng/kg)

volatile components sensory threshold . 4 b b °
3-F3L TR 3-methylbutyraldehyde 1.1 — — 7.11 20.27 13.37
2-HE T  2-methylbutyraldehyde 1 — — 11.73 47.97 26.84
C\%  hexanal 5 60.10 4.88 38.93 10.66 10.02
(2)-4-BJ#RE  (Z)-4-heptenal 0.8 0.89 — — — —
BEEE heptanal 2.8 8.54 — 13.46 4.90 4.64
7 H% benzaldehyde 41.7 0.28 — 0.53 0.57 0.60
(E, E)-24-BE_J#M% (E, E)-2,4-heptadienal 15.4 0.20 — — — —
KL% benzeneacetaldehyde 4 — 9.13 3.98 10.32 9.40
(B)-2-¥J#iB%  (E)-2-octenal 3 3.46 — — — —
T/ nonanal 1 81.16 33.90 70.10 44.56 33.65
Z&W%  decanal 0.1 100 100 100 100 100
(E, E)-24-T )% (E, E)-2,4-nonadienal 0.09 14.34 — — — —
(Z2)-F18  (Z)-citral 30 — 1.21 — — —
X H ALK B anisicaldehyde 200 — — — _ 0.12
(E)-2-24J%ME  (E)-2-decenal 0.3 — — — — 31.16
FrEmE  citral 32 — 1.43 — 0.28 0.11
(E, E)-24-Z8 )&% (E, E)-2,4-decadienal 0.07 74.12 35.24 98.38 36.76 30.43
+VUEE  tetradecanal 5 — — 0.22 — _
2-FRf  2-heptanone 141 0.07 — 0.10 0.12 0.09
3-3fi  3-octanone 28 0.19 — _ _ _
6-H JE-5-PEJfi-2-i]  6-methyl-5-hepten-2-one 50 — 0.19 — 0.80 0.63
KA acetophenone 65 — 0.02 — — —
2-Tfi 2-nonanone 200 0.03 — 0.03 — —
2-%4fif|  2-decanone 7.94 0.43 — 0.62 — —
2-+—4illd 2-undecanone 7 — 0.86 — — —
1-1%J#5-3-F% 1 -penten-3-ol 400 0.01 _ _ _ _
3-F%E-1-TFE  3-methyl-1-butanol 250 — 0.05 — — 0.01
J&RE  pentanol 4000 <0.01 <0.01 <0.01 <0.01 <0.01
CLfE  hexanol 2500 0.02 0.02 <0.01 — <0.01
BERE  heptanol 3 2.67 1.39 2.14 1.76 —
1-34f-3-F%  1-octen-3-ol 1.5 49.96 22.72 30.17 29.74 26.93
2-£.3EC\§E  2-ethylhexanol 270 000 <0.01 — — — —
SEWE  octanol 110 — — — — 0.13
(2)-2-345-1-B  (Z)-2-octen-1-ol 40 — 0.25 — — 0.19
SKZEE  phenylethyl alcohol 750 — 0.02 — — —
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volatile components sensory threshold % & b b ©
FHWE  citronellol 50 — 0.26 — — —
L geraniol 40 — 0.73 _ _ _
JRM  pinene 6 — 2.72 0.37 2.92 2.41
B-JRJ  PB-pinene 140 — 0.12 — — —
A WER M D-limonene 10 0.65 19.62 11.23 29.68 32.68
F—% undecane 1170 0.07 0.13 <0.01 0.01 0.08
=) dodecane 2040 <0.01 <0.01 0.01 0.01 —
F=§ tridecane 2 140 <0.01 <0.01 0.01 <0.01 <0.01
FPU%E  tetradecane 100 0.04 0.05 0.16 0.22 0.05
F77¥%  caryophyllene 64 — 3.94 — 1.87 1.40
ZHEEAiRE  dimethyl sulfide 1 3.63 — — _ _
IR diallyl sulfide 325 — 0.66 — — —
— W% trimethylamine 2.4 9.45 2.51 7.11 0.62 0.26
N-FIE:MERE  1-methyl-1H-pyrrole 49 600 — — <0.01 <0.01 <0.01
2,5- LML 2,5-dimethylpyrazine 800 - - 0.02 0.06 0.05
2,6-FFEILEE  2,6-dimethylpyrazine 200 — — — 0.12 0.08
2,3- " HIFEMEE  2,3-dimethylpyrazine 2500 — — <0.01 0.01 <0.01
2-2.FE-5-FFENMEHE  2-ethyl-5-methylpyrazine 100 — — — 0.49 0.32
2-ZBkFEMEE  1-(1H-pyrrol-2-yl)-ethanone 170 000 — — — — <0.01
3-2.%-2,5- LML 3-ethyl-2,5-dimethylpyrazine 1 — — — 70.48 55.78
2-2.%-3,5- " HIFEMBE  2-ethyl-3,5-dimethylpyrazine 1 — — — 67.75 44.44
HIZE  toluene 1550 <0.01 <0.01 <0.01 <0.01 <0.01
X p-xylene 45023 — — 0.01 — <0.01
FKZf  styrene 730 — — — <0.01 <0.01
%% naphthalene 60 0.09 0.10 0.10 0.13 0.93
2-FI5EZE  2-methylnaphthalene 4 1.06 1.21 — — 0.37
T#M  eugenol 820 — 0.02 — — —
[-PUfR  tetradecanoic acid 10 000 <0.01 <0.01 - — <0.01
F7X#  n-hexadecanoic acid 10 000 <0.01 <0.01 <0.01 <0.01 <0.01
TEEHEE  methyl butyrate 60 0.13 — 0.13 0.11 0.12
2-FIEETEZHIE  methyl 2-methylbutyrate 0.25 17.63 7.33 18.74 14.43 16.04
LRSI isopentyl acetate 2 — — 0.86 0.52 0.76
SR FEE  methyl caproate 70 0.05 0.04 _ _ _
KR ZEE  benzoic acid ethyl ester 60 — 0.22 - — —
2-1E/RFEMLM  2-pentylfuran 5.8 5.88 6.48 11.66 9.96 15.40

e R HROAV
Notes: —. not calculated ROAV
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3.2 EEEANEREAE

ag TR EEER Ta, REFHEMAR
B Bk — KBRS S R SR B E
J5, DL R D R AR S Ak R B2 Tk S T
REmEEER Ta, BEFEFERILLEY .
Tl ) 2 phy e PR ) O T AR Ak A B, o R T i 3
0 R S A R A 22 e PRI 2 5 i KT,
FES, FEHEKE. O RkEBixX —fd, &
FEAE IR (AN 2H Z R ) K A T SR ALY e PR
N, R 2RO S5 R A N W B,
— A R R R QB (R . B A
YA KN, DR R kR
BRI B ENR B .

CEE. Pl . (E)-2-FMfE. T/, (E, E)-
2,4-%% TR A0 S HRD () R R S0, B
WE . PEMERN T REAEVR BRI B el 2R E R R
TR SO, VRO A I SR R O L R R
ISR, B4 4.5, 2.8F11 pg/kg 2,
S BB AR Tay, RWIR BT AT A 2k
RSP B KR, A AR ROAV>T, K
X R AR B EZ TR, (B)-2-FAEEFI(E, E)-
2,4-%% TR 51 00 S i I R VRIS R BV, i
X AEag Rt JRH S B B &K Tay, oh
AL, AR KRR EE T, R
PR 2 7 o ) ) WA T 35 1 IR B AN 32 03 1
SEM, BOE R A PR S R R R S &
T Rt R P, OzyurtE P L BL(E, E)-
2,4-%8 TURTETEMMIERE S P B R A, XA
o —2 . KO RWABN EBHFS, ah Ak
Rrth, AR B3 okt 2SI S A RO A
FA, BRSPS, X o i KR
FE TR, AR R R AR R AR, g
Jo i R, AR L A Y AR
3-FHEL TSR 2-H L TR BRI AR, 7RIS B
Kb, X o R R P A — o DTk . AR
MR R R 2, EEmE, X R
WRIE B A DAk, RIS IAE R, TR R AR
07 AR Ak % i 0 LSRR, N TS A B AR A R
BRI, FRAERUBRAS LLE S

33 EEEEFRA

— W B PR S R, A
WEER Rz, HALK B i & a il w2
PERREAR, BB O RZORE TR
G4 TR VR 1348 D L K i I 1R il 4 AR 46,
a1 O 138 37.36 ng/g; ) il R £ i B2 A
fERE . EZSHI, R AR IS A 3R i P
R Bag P 13- B B, H55.T5
ng/g, BEHAE LK, FHARNLAEE
M8 1 BREY, BB S, AR SRS
B ERM, o ERM, RPREHRMEUE
O RO G TR R R B
M Tag, aPlR S ame, THEREE &
MR, R R R R R R R 2R
BRI, BFR kM. ORM . HiG . p-Hhksy
M o M AVK RS A A I EE 4, 3-
B L o ABUR R AT A R AR A4,
XS AR —B; Qkild EZOR A IR R
Pe A A SR T sl UE TR D R B e AR
b, HILREBEFMEE RS SR ER M. I
HEEEMMARER, B, ZHmMK AT 20
KREMEGA, B-ANL Y IHEARE, B-IRMEM
JEAADY, 3-E IR R EHR, o BB S B
AR BEAREMT HEFIY, B0 R Xk EA
—E BTk . A7 RTINS R AUBEAE B IR TR, 1T
HE— 2 E AR L E AL A, R RS
P AE AR Y, B BRI S i
P AP, X PR TR RS
B ARG H R SR e 1012,6,6- = H L 28 0t | 2,6,
10- =+ b . 2,6,10-=H B+ puke . 2,6,10-
SR TIEE . 2,6,10,14-PU B B+ BEI3,5,24-
=P 5, YuSEP Uk B QR ES MR (Proca-
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Changes of flavor components of Oreochromis niloticus during the processing
of traditional Shanghai smoked fish

XUE Yongxia ?, WEI Saichao', ZHANG Ju', CHEN Shunsheng "**

(1. College of Food Sciences & Technology, Shanghai Ocean University, Shanghai 201306, China,
2. National R & D Branch Center for Freshwater Aquatic Products Processing Technology,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: To investigate the changes of flavor components of Oreochromis niloticus during the processing of
Shanghai smoked fish, high performance liquid chromatography (HPLC), amino acid auto-analyzer and gas
chromatography-mass spectrometry (GC-MS) were employed to analyze and identify the flavor components of
Shanghai smoked fish in four processing stages (fresh O. niloticus, the first pickling, the first pickling followed by
frying and Shanghai smoked fish products). The results showed that IMP, as main umami nucleotide, its contents
of later stages were significantly higher than that of the earlier stages. Moreover, the contents of free amino acids
and taste amino acids had the same trend as the IMP, among them, aspartic acid and glutamic acid had the greatest
influence on the flavor of Shanghai smoked fish. In addition, 50, 84, 78 and 82 volatile components were detected
in fresh O. niloticus, first pickling, first pickling followed by frying and Shanghai smoked fish products
respectively, which were mainly composed of aldehydes, ketones, alcohols and hydrocarbons. Therefore, its fishy
smell of O. niloticus was greatly improved by pickling and frying as they were the main cause of its flavor
formation.
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