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AT AT AL . X KR H A 5 AT K R
fift VR 0 R R RS B R W b AT AR R
RIEAL GoAd = T2, i R AR 5 & 19 20% ] 3
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127 H (12 M) 0 58 K TR, B> ik 1 54
FTRE & & B oy 0 R 20 J5 F e MR B AR U8, ik
B YE W ARAT T—80 CCUKAR RN .
1.2 XA S5

2,4,6- = H BL L WE A5 U i (2,4,6-trimethylpyr-
idine, TMP), —HALII—HBEEW, HARTCIA
Al ke BR AR AE S, 3€ E Sigmaly A5 HAhi
IR B4l . GC/MS-QP2010 plus’ AH 5 i B¢
FAYL, HAEHEAE; 65 pm DVB-PDMS#E L
3k, & SupelcoZy Hl ; DF-101S4E #4018 #4 5
PERERS . LT TR A BRSTAEA A 5 BS224S
SRR, 20 Sartorius/A 7] ; BYDCY-24Y A K
1, LT TR ABRA A,

1.3 LWH*

HANE BAMFERIFEL YR $5.00mL
I B 5 ) f0 R R B T 20 mLTR ZS SRR,
A2 ugNARY TMP, JHIPTFE-siliconelffi o5 1 4 £}
PO, 6 A B &A1 65 pm DVB-PDMSHY %%
Bk, BT60 CCRIRE I FE & L, W40 min,
46 A GC/MSHERE CTHEAT g A, HERE TR Ny
250 °C, f##rS min, M E3R . A B IEFE
()28 iG55, i S A i 20 Bk 75 B4R 270 °CHY
21T 24K 10 min,

e BRIR IR S WEs4k 2 B Metchalfe&g:!'
FIFolch%F Ry 7k, WEAIE 2k . HX5.00 mLad &

J& B FERE L T 50 mLESDAE T, iInA 15 mL&
i—WEEQ 1, v/V), 10 mgt—%efR N bR
I mg THEHRBHT), RGIRS, #E Wi TS
€, IR A S mLAEFRER K, T 4 000 r/min
B0 20 min, HURELOE R R LEK S HEES
WARZ T, TR RE LS min, HE LR
LB, W TIZEWHRS0mLE0E T, HA
RREA IR, 5B AE 5

T1] 26 A5 e 400 IR 7 B 5 0 A P I 2 mL 14%
SHALTN— T B, 7R 60 °CARIR A F T W R
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GC-MS# | 44 W 5 AU ol 3
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0.25 mm, 0.25 pm); B AAR; HWHERH
1.0 mL/min, SRHMEZLHEE, /St A1 205 i
B 1 pl; JTHERY . RIGEE N335 °C, £
1 min, PAS °C/minff) 4 E TR )60 °CH14F1 min,
L6 °C/min | TF 3140 °C{#4F1 min, &5 LA
8 °C/minTHi# #]230 °C, £S5 min; B FIHEE
200 °C; HLFHER NT70eV; FiEAMIEE N
35~350 m/z; T¥ I VIR AT (] o

I 5E i 105 R & B 1 GC-MSB B & 1F . (il
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A BAA N 1.52 mL/min, RAELHEE,
AW AT 2305 HEFEE N Ly FHERF. &
SIREER110 °C, {544 min, FLL10 °C/minf 3
LI FN160 °CL- 471 min, HJ5 L5 °C/minFt i
F]240 °C, PA¥F15 min; B FIHIEE 5200 °C;
HFHETE N 70 eV ot 94 Y0 Fl 2h 35~350 m/z;
77D BRI ] 24 3 min.
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Fig. 1 The volatile compounds profiles of fish sauce with different fermentation time

1. aldehydes; 2. ketone; 3. acids; 4. alcohols; 5. esters; 6. alkanes; 7. nitrogenous
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Tab.1 Qualitative and quantitative results of volatile flavor components during fish sauce fermentation
W /(ng/g)
= L7l AL /(ng/g)"") AR IR e 2020 concentration
sign component threshold odor description M IM 6M oM 12 M
223
Al Lg* 22 000.0 Rk 8.63 10.56  8.95 1056 14.29
A2 TR 2200.0 AT NN R U n.d. 18.58 4581 4025  30.54
A3 R 3000.0 AT NN R U 1268 2237  nd. n.d. 27.42
A4 2-FERR 2300.0 kTS NN 2.89 n.d. 5.03 1.89 3.47
A5 2-FEETR 1200.0 AT NN R U n.d. 2004 1073 3.02 10.29
A6 3-FETE 1200.0 AT NN R U n.d. N.D. 33.67 8487  62.86
A7 AR 1 500.0 [[2US n.d. n.d. 0.49 n.d. 0.90
B2
Bl LT+ 100 000.0 AR 8244 9737  105.66 81.14  90.81
B2 2-FIJE-1-TEE* 16.0 H IR 30.01 2203  58.61  72.03  68.26
B3  3-HIEAEHAT 500.0 T EH% n.d. 5.88 n.d. n.d. 31.21
B4  HRLRE 390.0 LA n.d. n.d. n.d. 70.01  7.58
B5 1- [ J5-3-TE 358.1 JEE R n.d. 8.05 n.d. 2247  nd.
B6  2-HIJE-1-PIEF 7 000.0 TR n.d. n.d. 7.98 n.d. 6.03
B7 1-3F )5 -3 - 1.5 BT IR 1898 32,69 8297 7878  104.12
33
C1 3- B L R * 1.4 T EH% 16226  170.03  205.57 210.44 223.63
Cc2  2-FHIEETRE 4.4 H IR 4512 3145 6028 6521 9275
C3 3-HUETRE 12 H IR 47.89  105.13  100.07 138.13  155.65
c4  JRmE* 9.0 AR 6.64 5.05 7.78 8.91 9.28
cs  Cgx 4.5 FHER, R 6.15 7.74 11.08 1558 1723
c6  pEmE* 30.0 Rk 23.17  12.85 1070  6.32 7.52
C7 (B, E)-2,4-5F Mg 15.4 Rk 0.83 0.05 n.d. 9.57 0.32
c8 R 350.0 AR n.d. n.d. 12.58 2615  13.38
(O .- 4.0 LA n.d. n.d. 434 0.09 5.63
Cc10 (B, 2)-2, 6-T-—Jhii 0.8 H R n.d. n.d. 4.55 5.13 425
Cll  2-¥Mhl 0.1 H R n.d. 7.54 6.58 n.d. n.d.
Cc12  2-FMEm 3.0 H R n.d. 3.15 2.12 4.03 2.85
c13 5.0 LA n.d. n.d. n.d. 221 n.d.
Cl4  2-BEIEi 300.0 FHbk, etk n.d. n.d. 2.12 4.03 2.85
(B
DI 2- T 50 000.0 L7 2025 1598 1459  8.04 5.21
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988 Koo 4%
R
WK /(ng/g)
75 2x I‘-ﬁJ{H/(ng/g)[" LA R R 1 20 concentration
sign component threshold odor description M IM 6M 9M 2M
D2 2- P 140.0 LATEN 30.15 n.d. 6.92 4.76 12.83
D3 2-¢ 1 28.0 Bl n.d. 5.27 8.12 7.55 6.98
D4 3, 5- J-2- 150.0 AR n.d. 15.85 11.24 20.91 23.14
D5 3-FAFE2-TH 800.0 VAR 20.25 15.98 14.59 8.04 n.d.
Bk
El R+ 5.0 IS U 10.76 50.91 30.15 80.14 95.29
E2 W LI 10.0 KRR n.d. n.d. 435 8.63 4.24
E3 SR L 3.0 KRR n.d. n.d. n.d. n.d. 1.25
E4 % HR R 73.0 TEF Ik n.d. n.d. 4.07 n.d. 0.53
E5 v Y 249.6 TEF Ik n.d. 19.75 23.93 22.13 32.55
ERAAEY
F1 BN 2.4 Rk 12.07 8.11 9.53 6.26 4.42
F2 2- P L HE v 27 000.0 R SRk 15.04 14.13 n.d. 4.03 3.88
F3 PN 2 600.0 R SRk n.d. n.d. 0.65 0.29 0.44
F4 2,3, 5-= HiJEnL g 297.0 FERR n.d. 2.31 n.d. 3.21 0.84
F5 2- 5 R k- 6- H JE it e 9 000.0 YIS 21.23 18.25 31.12 16.27 20.08
F6 2- F AL IR i 9.0 PR n.d. 0.41 0.77 n.d. 1.07
F7 2- LRI * 23 H R 6.01 3.05 14.55 28.25 19.52
F8 2-JRHEIR I 5.8 IFRLUS n.d. 1.02 n.d. n.d. 3.68
F9 3- IR BRI 5.9 SR n.d. n.d. 2.34 1.98 4.09
P
Gl E+=k 2 040.0 Sk n.d. 1.24 n.d. 0.38 n.d.
G2 2-% - - 0.11 n.d. 2.85 n.d. 3.12
G3 T =k 2 140.0 Sk 3.11 n.d. n.d. 2.34 n.d.
G4 + Tk - - 6.33 248 2.12 4.25 4.13
G5 (E)-9-—1 - - 0.33 n.d. n.d. 1.23 0.87
G6 1+t - - n.d. 7.70 2.15 1.68 3.09
G7 + )\t * - - 0.80 5.78 3.37 4.27 7.59
G8 I e T - - n.d. n.d. n.d. 2.14 8.45
TE: < FOR AR R BRSSO AR B CHUE: nd BR AR
Notes: “-” indicated no relevant report was retrieved or related values could not be obtained; n.d. indicated not detected
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P 13- FF 5 TR 1) 5 R A

B Ak A W ok R T 6 i i Ak . SR A
WKAL AP ARIY, RIR FN R Y B A, X
0 5% YRR IE KR A — € B DTk, SRR A IR)
2- - 1= T (22 2 7 IR ) 0 - 0 - 3- Tt (B 10 A
MR R AR X B, RSN K EERY BE WG o
FEREERTI, FEIAL AW A XA, Bl
GRS IR, EEAL A W R R R
BT E, s TS AR A A R T O R
AL A Y BCHLEEL & B 5T 45 G = 1Y %
WA RO, %%
BRI EBA N = 953, el
I, 3E 24 HE K A BE ) AT BB A AT 4R T 0 R
HOEESL NG

BEAL A W Ne B A A R A =, — i
BA A NP r Ak, iRk, Z2EFK.
SR AR A T A 420 5 v ) B 2 ) o e 2K
W, Frp3-HR RN . 2-H SRR 3 O
TEES RS, X3IMILA W Bk 0 ik
971.93. 294.81F1546.87 ng/g, 7 H 2t & KR
(1) Strecker (T4 o B K ) SN AE LAY, 0 B 46
JiE A E T BRI, B Ak
MM, R AR AE T K7™ b i — R R AiE XL
WRALE ). PR A — F A e fa R OR 1) AR
Ze3b 120 H B KT, FER R B RN = R i
53 51 BE A TR I 40T (1 MOFEAIR 1 67.54%F163.38%,
Ut ] A T I 1] 1) S A R T AT £ 58 19 A

RISk VR T 10 5 R I AR b B RN R 2
SR AL SR, JF HIEAR DL ZERERY N £,
X F TR R R A R LA G,
Hir oW Ol & i, 58 SOk RGE
—FE 2 SRR TR RN R T R TP R 2 0 BR K
P 5 A (12 MY IlA ot BT K R A R R AR
MR, H R B AR AR . S AR ok IR T
IKAL G W AN LR K& A Maillard (38 i 48 5 R B,
HRIEIR A, 2-5 I -6- 1 JLIL i F12-2,
LUK AESAS R Y BE R 1, w2 b A&
AR B R ARG, (RO E AR, B A —
M E RS G AR, BRI A W oA
FREA WM, EEORIETLRE A mERN
ZLAEIO AR R R ] A SRR A
KA AW anN2-2804, Al RES X 0 R 1 B AR KUk A
—E MY FZ

2.2 EHREFEXNKLESIRGFIE

P 2 Ve KR AL A5 W 1) e (L o (IR O AN g
B X £ 8 A A STRR AR B, SRR B i iR
W B RS2 VR FBE (BB AN R, YR BE— e i, 1
{EL R ARG 1 b G P R 25 2 e WL 25 B R U,
I, RZHRMAE Y T ACE /NS G P kT
52 0 SA DTk . A5 R FHOA VAR fifi 1 £
BEARELETNFEREFNKRALEY, OAVIE
EESAGYWRESHEMEMNILE, T2
TP RRE PR SE A S P ik . OAV =11
AN R M R 0 R R 2 KRS,
HOAVIE B RN B AR S oT Bk R B g . R 2JR
R TR R RIS RS, SSFE R
PEXURAL S b, K 120 kA B B B R T
BIAE, Hoph3-H ek N (T EFwR) MY
OAVIH iz K (138.85), HURZ3-HI BTl (4 F
UK, 91.15). 1-¢4f-3-BE(EE 4 ik, 42.34)F12-3¢
WlE (5, 35.30), %4h, OAVIEKT 10 B
EYIEA2-P BN 2E A, 13.40)F1 &R
CEROK TR, 10.69), X &6 JXULE Yy B HR & 4 fi
8 1 R A SRR R AT 2 TR T R 2 A KUK
L&Y, 25 R 5 Fukami® %} 1 #2 A0 R AE 45 &
PRI ) ot 25 28 A5 R 5 — 8, IbAh, 2-HKE-1-
TEE . 1-F0-3-F . 3-Hmi LN, 2-HF RN
B 3-HIALTEE. ZMROHE. =W REAn2-2 3k
MR 7 N [) % e B B TR S OAVIE I R F1,
TR IX 1270 Ak A5 1 00 XU A8 7 SR 13 Sy 25 2
TR, LEFW®R. EHEFR. FRIK, KRF
BRI, F R KR AL G W A R R )
BRI GTE L, b3 oA & W ik 52 o
TR H M R BRSO E S E Y -
23 BEABIRETERREKRNEE

AWFFEMNTIM, 3M, 6 M, 9 MAT12 M)
FTRES P I 15, 16, 16, 18, 17FHIR
FR, A 45 7% 16 F G 7 R (saturated fatty acid,
SFA), 6FfH AN FIAE i 2 (monounsaturated fatty
acids, MUFA), 5F Z N6 F1 | 1 2 (polyunsatur-
ated fatty acids, PUFA), i 1 04 i 1D R = 2255 A
0 C15~C26(3) . 7 8 i 1 i Wi R A el
f2(C16:0). AHAERR(C18:0), JMER(C18:1n9). i
f2(C18:2 n6). fE/E UM R(C20:4 n6). KR
(C18:3n3). 1 fi fL M2 (EPA, C20:5n3)F1
TR NMEBR(DHA, C20:6n3), iX 5 Dincer?s ™
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990 KopE o R 245

*2 BELABIRPHEREFLEHOVAZI

Tab.2 Principal aroma compounds during fish sauces fermentation

OAV{H odor activity value

5 L) AR A

sign component odor description M IM 6M 9M 12M
B2 2-FEE-1- T & AT 1.88 1.38 3.66 4.50 427
B7 1-3F47-3- BT R 12.65 21.79 55.31 52.52 69.41
C1 3-FIEE + G Ak 115.90 121.45 146.83 150.31 159.74
C2 2-F P IR 10.25 7.15 13.70 14.82 21.08
C3 3-FRHE T IR 39.91 87.61 83.39 115.11 129.71
C5 i HER, R 1.37 3.46 1.72 2.46 3.83
C10 (E, 2)-2, 6-F —Jfilig H R 5.69 6.41 5.31
Cil 2-F M H R 94.25 82.25

Ci12 2-TJaiE H R 1.05 0.71 1.34 0.95
D7 LR IKIEE R 2.15 10.18 6.03 16.03 19.06
Fl =k IRk 5.03 3.38 3.97 2.61 1.84
F7 2- L FE R EEUS 2.61 1.33 6.33 12.28 8.49

FEERE N —E

B % A RS [R] 9 FE K, SFARIMUFAR) &L 7%
R EFR T, SFAR R & & H8.71 mg/ghy
Jn%EN13.31 mg/g, MUFA B & H5.61 mg/ghéfin
#11.69 mg/g, MPUFAMH 12.00 mg/giik 2>
15.18 mg/g, i & Wit # HPUFARY & & TR 3
B 9 R (C18:2 n6) A1 K iR (C18:3n3) Fr
H, AW EHPUFALE BN T b &% 4E
Ak, B A A IR R /N PR A Y,
SN EE S G N i I = Rl
UFA T i & TSFAR & &, UFAR & & ik
67.23%. PUFARIn3/n6L{H #10.93(1 M)T+ =
1.56(12 M), o-3FRF1) 2/ R INEPAFIDHAZ A
WAERKEF LA EFRY RS, X —ERE L
REA% 52 i £ 5% HAT R 4 1) RUBR L3 A AL

2.4 B ABETIE PG AT EL X 4 & 1% KUK AR
S BEIMER

e T g 4 R KUK ) S A O AR AL T
(Y 1l 2R AN 25 SRR B, ok e a8 . iE e
FIEMR . NEWITRAE, it — PRV iR R Wit
it R A A R XU G 23 RN T R 4L 03 AR A, A
HIFFE AR 3 12 = R 52 7 XUBR AL 5 9 T 70 = 22 il
U7 TR 1) 5 BT SRR AT RIS AT, SR A R
KBy J3d, I oA K BERTII(I M, 3 M), F
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B MFFEHOM. 12M), X558 RFE A
PEFE—B, RHLKERFERE(E2). #
V] Fi6 B 345 BT b, Fz ke £ 5 O R ) R v A 2 A XL
RIS PR EZRR TR & i sh S Ak, W&
& WEIT [R] /) RE 4, K 2 KU Ak & 9 F1 IR D7 iR
EEEEAEE, CEEI(=F ). PLOEH
iR ) FITP3 (I R R ) 22 30 T e A i 34, AT I I 3 7% 1
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Tab. 3 The fatty acid composition during fish sauces fermentation mg/g
75 JilEing v # &  composition
sign faity acid M 3M 6M 9M 12M
S1 C15:0 0.42+0.04 0.46+0.07 0.81+0.05 0.84+0.08 0.74+0.06
S2 C16:0 2.86+0.04 3.48+0.04 3.67+£0.08 4.14+0.06 3.97+0.08
S3 C17:0 0.57+0.01 0.66+0.01 0.81+0.11 0.96+0.06 1.01+0.03
S4 CI18:0 3.48+0.05 3.78+0.10 5.03+£0.07 5.38+0.18 5.55+0.10
S5 C19:0 0.38+0.04 0.73+0.16 0.93+0.06 1.00+0.01
S6 C23:0 0.90+0.07 0.73+0.06 0.49+0.08 0.61+0.05 0.68+0.05
S7 C26:0 0.38+0.04
Ml Cl4:1n3 0.82+0.09 1.01+0.08 1.66+0.16 1.90+0.06 1.94+0.13
M2 C16:1n10 0.384+0.04 0.45+0.04 0.61+0.05 0.82+0.01 0.74+0.06
M3 Cl16:1n7 0.43+0.03 0.49+0.12 0.77+0.11 0.98+0.05 1.05+0.09
M4 C18:1n9 3.17+0.08 3.80+0.10 4.9540.09 4.56+0.47
M5 C19:1n9 0.81+0.10 1.28+0.11 1.57+0.08 1.74+0.10 1.78+0.04
M6 C20:1n9 0.70+0.06 0.80+0.01 0.89+0.05
M7 C24:1n9 0.42+0.09 0.57+0.06 0.67+0.08 0.75+0.09
P1 C18:2n6 7.63+0.59 6.45+0.62 4.34+0.31 3.15+0.23 2.62+0.29
P2 C20:4n6 1.384+0.04 1.74+0.18 2.58+0.13 3.08+0.08 2.93+0.08
P3 C18:3n3 4.02+0.23 3.18+0.18 2.52+0.09 1.37+0.06 0.89+0.03
P4 C20:5n3 1.69+0.08 1.90+0.06 2.12+0.16 2.39+0.25 2.65+0.37
PS5 C22:6n3 2.71+0.04 3.01+0.13 4.254+0.37 5.17+0.37 5.13+0.15
SFA 8.71 9.91 11.74 13.23 13.31
MUFA 5.61 7.44 5.85 11.84 11.69
PUFA 12.00 13.11 14.59 15.22 15.18
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Fig. 2 Heat map of cluster analysis of aroma compounds and fatty acid during fish sauces fermentation
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Analysis of volatile flavor components and fatty acids in
fish sauces during fermentation by GC-MS

WANG Yueqi ’, LI Chunsheng®>, LI Laihao”, YANG Xianging’, CHEN Shengjun °,
WU Yanyan’, ZHAO Yonggiang’, WEI Ya’

(1. College of Food Science and Engineering, China Ocean University, Qingdao 266000, China;
2. Key Lab of Aquatic Product Processing, Ministry of Agriculture, South China Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Guangzhou 510300, China)

Abstract: In order to explore the differences of volatile components at different time points of fish sauce fermenta-
tion and the influence of fatty acids on the formation of flavor components, GC-MS techniques were applied to
identify volatile flavor components and fatty acids in fish sauces during fermentation process. As a result of GC-
MS analysis, 56 volatiles components that can be divided into 7 types were identified in fish sauce samples during
different fermented time and further quantified based on internal standard analysis. And 12 kinds of key flavor
compounds were selected as main aroma compounds, such as 3-Methylthiopropional. Therefore, the main charac-
teristics flavors of fish sauces can be described as mushroom, potatoes, malt, vanilla, fruity and fishy flavors. The
main distribution of fatty acids in fish sauce ranged for C15-C26, and the content of unsaturated fatty acid was
high up to 67.23%. Moreover, the contents of linoleic acid and linolenic acid related to flavor changed signific-
antly which were correlated with the changes of volatile compounds during fermentation. Accordingly, fatty acids

were important precursor substances for characteristic flavor during fish sauces fermentation.
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