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4 . Otolithes ruber i34 . =94 ) L85k T4aF
B30 8 A L) SHCK T A )

VG 3 7L R A T T 4 T B AR S 56 5 A
1.2 FEMNHFEE

[#] A {3 2 JOCHE 5 (DVB-PDMS 65 pm) (36 [H
Supelco 72y ) ) ; GCMS-QP2010 < i B X ( H 4
Sy HEN ) 5 A T R A 5 IR R SR A K
By TR HERAE S 5
1.3 XWAHE

Ry R A A IR 2 FAR N D EL
JIE, FHZK oh sk T34 A MR N 2 a2 4 4
O AT 20% , I AR R R K, BT R G
I, =R ACE 36 h FHEUGE IS KR 2 ~3 h,
WIE 45 K 2 ~ 3 kU IS A I P Bt G ) 3%
T, FER A (30 £2) CHEFR ot T, 2 4 kK 43
YN 30% ,F %< B R B o

WEIBRA LR TELZ W VK fif 2T 2 ik
FEPUME, K Wk T, B M5t Y, SR AR TR
(4 C) il , B8R 8% ~10% |, Jig il 18 ~24 h J5
W 3 PR & FURR B T, BB B 107 efu/mL,
Rl o 10 mL/100 g, £ 25 ~27 C F {6 5 &
17 h SRJG RS A (28 +2) C HEAR 4t T % i oK 43
Eit Ry 30% AL Rk BT
1.4 EZERKRS M HHE

BAERAS R G £ PRI BT R
i S g, IAGE & AR BRER K 4 0T 50 4, iR A
15 mL SPME Jiié 5 3% 35 i b , il ok 36 | 35 7 I IR 4%
[ 2R Sk 1 7 L B IR 60 C Y ik T dii
G b, Ak 40 ming SR TR S [ AH GO B0 B 4E £
PRRE ity e B35 R M T . IR R 58 U, 2 Gk
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g i A GC-MS [ #ERE T, f# 4 10 min,

[ AH 3 25 B Y € B 3k : DVB-PDMS 65 pum,
YR 60 C |, 2K B[R] :40 min,

B LR 0 A % s A B3k A
NSAHCTEA W HERE I, JERE TR EE Sy 250 C | i
Hr 10 min J5HH .

(1) 335 21

f4 4% £ . DB-5MS (30 m x 0. 25 mm, 0. 25
wm) s HERE 1R 250 C 5 THR AR R 35 CTHR4F 1
min, D) 5 C/min {453 & FHEF] 60 C{#4F 1 min,
L6 T/min FFHF| 140 C{#4r 1 min, F /5L 8
C/min FHEF] 230 C, {£F 5 min; 2 A0
#ON 1.0 mL/min; R AEZHE , 70 by 1:20,

(2) B &1

B URIRE :200 C L FRER 70 eV, R H
YU 35 ~ 350 m/z, Jo ¥ R0 U B B[]

1.5 HBAEMFRIELER

AL NIST 05a. L % EHUR ER R, 5
JoT 1 P v 1 A M 3 B R AT L3, R IA A PR AR
I3 8 AT B AE X B e R T AR H — ek AT 40 A
W EMAKFR N P <0.05,

2 HR5i®
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Kot

T RIS EELL I AR GEREIE Tt (R ER FLRR VA
il % P FL AT GC-MS 2047 A3 EI 1 3 MEE AL 1Y
BB TR ORI AE 1~ 18] 3,25 A g 2 L
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Fig.1 The total ion count( TIC) chromatogram of fresh Otolithes ruber
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Fig.2 The total ion count( TIC)chromatogram of low-salt fermented fish
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Fig.3 The total ion count( TIC) chromatogram of traditional salted fish

F1 FARALEBEARGHERERGYRMEAEREENESEE

Tab.1 Species and relative percentage of volatile compounds of different fish treated by different methods

6415 8 It LR B B T fle ek i T
R EES fresh Otolithes ruber low-salt lactic acid fermented fish traditional salted fish

compound species i 2 bt HxE A it/ % ET e HIX 4 L/ % KR HIX B L/ %
quantities relative content quantities relative content quantities relative content

fig 2% esters 10 9.65 +3.02 11 5.78 £1.07 12 8.51 +5.37
$%:2& hydrocarbons 16 24.82 £6.39 26 21.31 £5.96 23 13.46 +6.04
fiiz 2% alcohols 12 6.61 +3.04 16 26.44 £7.29 9 11.07 +£1.48
fi 2% ketones 7 3.01 £1.92 16 8.48 £5.14 11 1.94 £0.89
fi£2% aldehydes 16 3.80+1.03 28 18.53 +1.94 20 33.41 £9.64
fig 2 acids 8 28.37 £6.51 8 18.0 +7.01 12 17.66 +8.25
2% amines 3 5.38 £2.02 0 0 1 0.02 £0.01
HiAth others 8 18.36 +7.05 5 1.46 +2.02 3 13.94 +1.46

B R RV R A R it Lk 1as PRI Ot Mhaisr. FLRRE LM T mpA &
P AU — 3% SRS A M M X S LR 20 BERE R A 3 Rk BT RS (R AR 2R
P 10 ST R S A i 80 Bl 4% K ME Ay AR W, o R 66. 28% ;A% STk ME T £ PN Hh A T
IR LM T AR 110 Rl s, SRk e 28 BRI G A M I 19 5794 % 5
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VR o R T 0 PR T 7 A A 4 e 0 DR e 2 e
1P 0 9 g Y 31.05% A 22.71% A6 R s ol 11 P
R AR AU 11 3 B4 M KUK B A3 o (R Ge vk i T
W RS 28I, RA I M, a8 A
11.07% , i ik FL AR 1A 3 e 1 8 vy F LR 1
M R EAE R, P2 T R R R B 2R 0, B2 R
135 26.44% FhkH) 16 B, A& 2 0] DR ER FL
PR TR 3 M T ) v 3-FE -1 -T B Y AL B
METap 5. 9%, H&A 15 F-3-0, X 2
— B A AT AE Y 05 A R A, R MRS
AT IR I A U, & R S 0 P N 28 R
M AR LR R I T Y R 2R W T R
Rifesmki L2 8 f A& ERA 18.53% ,MifE 4
A 33.41% , 29 2 A5 58 e T 1k B4 L Ve L 1Y

x2

— 2 TS 1 AR 1 (AR AR, X KUK A AR Y BT
TR, A 3-FH LR T A PR TG 8 T R o A 9 I
R, EREA BRI P IR W T A X 2K
0 TS 5 AR, T A% e HE T £ A R R O R R
o FLIR B I I T R A R R A R IR S W O
LR T LR AR R T O SR
T 245 4 5 % e PR IR A 3R 4R R AL RR
LT A b R S R R A
6.54% . RELFLIR L IME T8 N HIRKEY A 8
M ARG T 3547 12 Bl (3% 2) MR ER 7L R i ik I
THAI T (Z)-6-1 /IR 9-1 /i \2- 1
R -1-( ) BRIBR I L (Z,Z2) -9, 12-F Nk —
W PR A TR HE AR o, X 28 /0 1 4 () TR 2K 4%
KA ) R B T e P T KR
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Tab.2 Volatile compounds and the relative percentage of different fish treated by different methods

1 41 -4,
L& ¥ 45 Bk

fresh Orolithes ruber

fREhFLBR Rk e T

low-salt lactic acid fermented fish

fegiik e T

traditional salted fish

name of compounds

L BB B ) /min A B/ %
retention time relative content

L B2 B ) /min AT 5/ %
retention time relative content

PREB I ) /min  ARXS 5 &/ %
retention time relative content

3-HIIEIE T -
1O _
(E)-2-c I -
BT 8.
(E)-2-BEfi it -
7 H R -
F 11.585
(E,E)-2,4-5¢ IR 11.877
R .809
(E) -2-2F I 13.126
BRI .339
(E)2-T- I 15.798
4-2 I -
S .937 0
2-58 i T 18.333 0
5-T- 97 I -

(E)-2-1 =i -

| — s T -

& g -

2,4-58 TG TE
T AR -
2 — Bk I -
(E)-2-+ = JlE 20.
i 21.
2+ TR _
R 2- I -
T -
+ -

734 0.

19.7 0.

3.149 3.1 - -
5.957 3.68 6 22.03
7.442 0.02 - -
8.742 0.47 8.749 4.23
10.317 0.03 - -
- - 10.542 1.2
11.585 2.39 11.591 1.39
11.877 0.14 11.453 0.32
12.814 2.1 12.815 0.13
13.13 0.16 13.128 0.29
14.338 2.67 14.341 1.26
15.797 0.11 15.804 0.14
15.987 0.11 15.987 0.11
16.936 2.17 16.939 0.2
18.145 0.06 18.258 0.11
18.217 0.07 - -
18.33 0.23 - -
- - 18.335 0.28
19.378 0.04 - -
19.699 0.14 19.701 0.28
20. 147 0.05 - -
20.35 0.03 - .
21.686 0.08 - -
22.95 0.1 20.706 0.58
- B 22.964 0.11
23.856 0.05 - -
24.061 0.02 - -
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k2
fif 41 7 45, ARGER LR T e T £ 5 g T £
A 44 W fresh Otolithes ruber low-salt lactic acid fermented fish traditional salted fish
name of compounds PRSI /min AAXS S &/ % PREBEFAL/min AAXS /% PREBEFIE]/min AR/ %
retention time relative content retention time relative content retention time relative content

TN - - 29.81 0.08 - -
+ N 29.813 0.16 34.249 0.02 29.813 0.13
T LR 3.733 0.4 3.683 0.32 - -
3 BL-1-T 4.498 1.14 4.502 1 4.533 0.17
ECEE - - 7.828 4.95 - -
B - 10.651 2.43 - -
-3¢ 45 -3- B 10.938 3.24 9.029 3.42 10.944 3.97
2,4- " AR R 12.576 0.1 11.767 0.04 - -
2-23k-1-0 - - 12.31 1.02 - -
(E) 2- 45 -1-Jix 13.344 0.43 13.352 0.28 13.359 0.29
1= 475 -3 - 13.692 0.15 13.7 0.14
A-FP B -1 - 0 -3 - - - - - 13.702 0.11
o U - - 21.147 0.11 - -
+ R - - 23.117 2.03 - -
2-CLHE-1-1F BS - - 23.264 0.09 23.272 0.09
L- 7N BE - - 23.398 2.03 - -
1,2-= & F5 i 25.901 0.1 - - 25.909 0.11
1| g 27.105 0.15 - - - _
L - - 28. 544 0.02 - -
1-4 LB 31.294 0.13 - - _
1- N - - 31.32 0.04 - -
W R - - 32.225 2.01 - -
2-C AE-1-TE %S - - 33.821 2.13 - -
3+ - - 36.617 2.64 - -
3-T-2-FF - - - - 36.431 0.89
3- KB - - - - 36.6 2.21
R e B - - - - 37.561 0.77
2-F -3 - 13T - - - - 3.74 2.08
3-F23-2-T I 5.022 0.29 - - - -
2- - - - - 8.392 0.09
6-H 35t -2- il 10.178 0.12 10.187 0.07 10.193 0.13
2,3-3 —fifl - - 11.052 2.74 11.058 5.08
2-3¢ i 13.946 0.25 11.188 1.31 - -
2-FH 33 -3 i - - 13.757 1.16 - -
2-T- - - 13.946 1.36 13.951 0.25
3,53 45 -2- T 14.083 0.44 14.081 0.37 13.43 1
2-3% - - 16.56 0.05 - -
2 — e il 19.013 0.35 19.01 0.3 19.018 0.22
3,5-F —H-2- - - 21.563 0.1 14.079 0.68
3-b TR A2, 50 g - - - - 34.398 0.26
2-F LA+ T bR - - 34.891 0.21 - -
TS Uk L2 (3H) -5k i R 35.606 0.46 35.604 0.59 35.599 0.54
3,6~ F L -2 - - - - - 37.036 0.62
AR IECTH 7.823 2.16 - - - -
n-C iR 2 M R 11.05 1.54 - - - -
ZE R W R 17.041 0.14 - _ - _
2-Z 3T HR-1,2,3- 1 o = g - - 17.258 0.08 17.253 0.09
6-2 5535 = W LR BR - - 19.327 0.06 - -
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SR IR LR TR v 15 1% 0 R IR T A T Y KUK HE A

iA=L/ F

name of compounds

i 41 2

fresh Otolithes ruber

IR FUBR P HE T 1

low-salt lactic acid fermented fish

fBgt i T

traditional salted fish

(BT /min XY 2/ %
retention time relative content

PREF S ] /min AR X5 i/ %
retention time relative content

PREA I ]/ min X5 /%

retention time relative content

(E,E,E)-9-1/\Mime-1,2,3-H il = B

A\ R -2 - T U i

T keR-1,2,3-Huh =
(Z)-T-F X B h TR H iR

ki R 0 i

T RR B = P 3 T e R
FANkERR-2,3- R LT g
F i R -3 - KL TR AL

(E,E,E)-9-1/\fie-1,2,3-7 = AR

TS BEER 23 -1, 3-8 g
2- = FH L i Tk SRR I R H I R
iR i

E-6-+ /\J -1 -F fig

2,5- IR R
2-C-1-BE - ZIRER

1 pu

iR

TR

10-78 - — B iR

(Z)-6-F /\JFHR

T\ B9 - R

2-F A -1-( - ) BRI RR B
(Z,2)9,12-+ )\ W R
RAN 1 73

RWAN LV

= LR A R
3- DO bR AR

9-Z4 IR R
(Z,2)-9 ,12- )\ M iR
Tt

TN

(E)2-+ =Hki
2-TH I 2 FE M
= W

|- e i

NG

AL = LR
AR R T
1-5-5-H 3t O ke
1-E - IE b

7N B BE IR = Rk AU
I\ = Rk A
1-5 Pkt

25.485 0.83
37.129 0.62
37.663 0.72
37.857 0.91
38.146 0.87
28.712 0.83
32.78 1.84
35.099 0.67
35.36 0.29
36.395 1.82
38.527 0.15
3.175 0.64
36.609 4.28
3.516 0.16
3.849 0.45
10. 492 1.69
7.733 0.63

20.832 0.06
21.147 0.11
33.058 0.13
34.774 0.33
35.096 0.63
35.359 0.85
37.129 0.7
37.654 0.52
38.145 0.78
38.347 0.51
35.464 0.52
8.468 0.46
28.762 0.25
32.787 1.32
33.177 9.53
36.067 12.91
36.675 3.89
37.56 0.54
38.675 0.09
38.675 0.09
3.725 0.66
5.214 0.17
6.231 6.07

25.488 0.89
32.315 0.08
34.781 0.33
35.098 1.27
35.465 0.59
37.257 0.67
37.669 0.93
38.146 1.31
38.683 0.12
13.771 0.53
28.775 0.46
32.793 1.09
33.15 5.01
33.925 0.23
34.058 0.19
34.551 0.26
35.182 0.23
36.478 0.66
36.783 0.65
36.833 0.27
5.233 0.42
7.865 0.88
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k2
1 21 2 i, (R FLIR LG T TGk T
N/ PN fresh Otolithes ruber low-salt lactic acid fermented fish traditional salted fish
name of compounds (IR /min X SR/ % (REEHE/min AT SR/ % R E R/ min XS R/ %
retention time relative content retention time relative content retention time relative content
T 8.582 0.13 - - - _
ZEE (2R A ) Rl - - 10.524 2.19 - -
N\ B 5 A I ik 4 10.745 10.12 10.754 10.38 - -
= Rk e - - 12.691 0.96 - -
+ FF 2 O e A e 12.694 1.34 - - - -
| B B A I A 14.827 3.02 - - 14.829 0.26
|- — B 3 T A 5 15.62 0.16 15.62 0.15 - -
+ =k 16.712 0.13 - _ - _
2,3,5,8-I4 HI 3625 b - - 16.712 0.13 - -
R R O A 18.921 0.67 - - 18.919 0.29
IE -+ ke 21.408 0.11 21.407 0.14 21.41 0.17
| D B B = A 22.602 0.13 22.599 0.14 22.601 0.14
Tk - - 23.552 0.23 - -
f— %3 2 b - - 20. 699 0.56 - -
RWIRT - - 21.563 0.1 - -
Z ke - - 23.552 0.23 - -
Lk 23.553 0.2 - - 23.558 0.23
B T - - - - 25.59 0.09
2-F 3 T 27.516 0.13 - - 27.517 0.12
1, L5 58 0 - - - - 33.808 0.35
| DU B 4 2 g - - - - 34.249 0.23
PR A B - - 37.763 0.3 - -
2, 4-HU L1 P 6.946 0.14 - - 6.972 0.3
1,3,5,7-33F U4 - - - - 8.479 0.38
3,5,5-ZHHE2-0 0 - - - - 10.773 1.52
3-THIF O 11.18 0.24 - - - -
A BEAT G I - - - - 12.327 0.86
E,Z-4-W. 23 C ) - - 18.674 0.13 - -
(Z)-14-H 3-84S i fs - - 20.699 0.56 - -
N - - 21.945 0.31 - -
(2)9-=+ =1 29.051 0.22 - - 29.052 0.17
2,4-T K HE-A-H L2 (B) - 30.226 0.16 30.224 0.13 30.228 0.16
-9 -+ 75 Bk 4 - - - - 33.705 1.15
L Jubse i 35.291 0.42 - - - _
17406 = i - - - - 37.132 0.91
M 2R -1-58-9 -+ /B M - - - - 37.47 0.85
(Z)-14-F B8-S B i - - 37.382 0.41 37.859 1.21
(Z2)9-—+ =k 37.472 0.71 37.471 0.78 - -
(Z)-3-Z& 45 -1 -4 13.427 0.81 13.432 0.88 - -
(Z)-6- = ff -4-kk 14.531 0.15 - - - -
3k 18.468 0.36 18.472 0.3 18.476 0.34
3-( LB H I -1- RN IR 5.621 5.59 5.62 0.51 - -
75 H R 3R = i ik 6.216 5.2 - - - _
V% S - - 7.593 0.11 7.608 0.16
AR - R 8.928 2.22 - _ - _
% - - 16.645 0.14 16.645 0.14
1, 1- RT3 - % 29.389 0.15 29.388 0.14 29.394 0.15
e PN N i
Notes: “ — " means not found
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£33 FRLEFN G PP xR ST B K Y B S

Tab.3 The main flavor substance in different cured fish flesh

FE it A RHIE R VEY) B4 R
sample odour description volatile compounds
o vk ') fishy B (E)-2-T-#% B .= H % heptanal, (E) -2-nonenal, TMA
25170k = kL7 almond | nutty + N\ 3-H £ T B octadecanal ,3-methyl butanol
RO (E)-2-F Wi N et
ST rose WM (E)2-FRE SR+
benzeneacetaldehyde, ( E) -2-octenal, decanal , dodecanal
. 13 J5-3-F% 2-9F [ 3 ,5-2F 4 -2-T
BETE R R 20 -21] mushroom , muddy 1 " 30l 27'_ ;‘LS diend
5 27 -t -octene-3-ol,2-octanone ,3 ,5-octadien-2-one

fresh Otolithes ruber

it 7 ether
i 7 bouquet
¥ P40k %2 fried onion

TR - fE MR8 2] green-fatty

KRR 02 fruity

1-)%J#-3-[% 1-pentene-3-ol

2,4-% RS L (E,E)-2,4-P¢ IR EE
2 ,4-decadienal, (E,E) -2 ,4-heptadienal

FWE L (E)-2-2% %W octanal, (E) -2-decenal

(0 i

traditional salted fish

i ok 118 fishy

Aok R 17 almond , nutty

FE7 1 rose

BERE U8 £k mushroom , muddy
ik # ether

7% 2°) bouquet

P PR 22 fried onion

TR - R Bk 3] green-fatty

KR 02 fruity

Bt | (E)-2-F- 4 E heptanal, (E)-2-nonenal

AR A \EE 3-F TR

benzaldehyde, octadecanal ,3-methyl butanol

RO (E)2-FMmE S+ —EE
benzeneacetaldehyde, ( E) -2-octenal , decanal , undecenal
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Comparison of flavor components between low-salt lactic acid
fermented fish and traditional salted fish

WU Yanyan'®, YOU Gang', LI Laihao', YANG Xianqing', DENG Jianchao', CHEN Shengjun'
(1. South China Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Key Laboratory of
Aquatic Product Processing , Ministry of Agriculture ,Guangzhou 510300, China;
2. College of Food Science & Engineering ,Ocean University of China,Qingdao 266003, China)

Abstract; Flavor components of low-salt lactic acid fermented fish and traditional salted fish were compared
to provide a theoretical basis for the new processing technology. The volatile compounds in the fresh fish
( Otolithes ruber) with low-salt lactic acid fermentation method and traditional salted method were extracted
by solid phase microextraction ( SPME ) and further analyzed and identified by gas chromatography-mass
spectroscopy ( GC-MS ). The results showed that there were 80,110 and 91 kinds of volatile compounds
detected in the fresh fish, low-salt fermented dried fish and traditional salted-dried fish respectively. The
contents of major volatile compounds in dry-salted fish products were aldehydes, alcohols and hydrocarbons.
The major kinds of volatile components were only 17 and 21 in fresh fish and traditional salted-dried fish
respectively , but there are 35 kinds in low-salt fermented dried fish. The volatile flavor components such as
alcohols, aldehydes were increased a lot in low-salt fermented dried fish. The contents of amine substance in
low-salt fermented did not exist. Not only the traditional salted fish flavor, but also fruity, floral,and winey
flavors were increased significantly in low-salt fermented dried fish. The preparation for cured fish in low salt
combined with compound lactic acid bacteria method,can not only shorten the curing time,but also enhance
the flavor, prevent the amine production,and improve product quality and safety.

Key words; low-salt lactic acid fermented dried fish; traditional salted dried fish; volatile flavor substances;
product safety
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