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Abstract: To elucidate the influence of aged vinegar on the flavor development of fish-flavor seasoning sauce, this study
systematically investigated the differences in volatile compounds among samples prepared with vinegars aged for 1, 3, and
5 years. Advanced analytical techniques, including electronic nose (E-nose), headspace—gas chromatography—mass
spectrometry (HS-GC-MS), odor activity value (OAV), and orthogonal partial least squares discriminant analysis (OPLS-
DA), were employed. Results showed that the D sample (5-year-aged vinegar) exhibited the most distinct odor profile com-
pared to the control (A, without vinegar), while samples B (1-year) and C (3-year) showed high similarity. This trend was
further validated by cluster heatmap and PCA of key aroma substances, indicating that aged vinegar significantly altered the
overall odor composition. A total of 76 volatile compounds were identified by GC-MS, with aldehydes, esters, terpenes, and

sulfur-containing compounds as the major components. With increasing vinegar age, the contents of aldehydes and esters
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increased, whereas those of terpenes and sulfur compounds decreased. OAV analysis identified 40 aroma-active com-

pounds, among which (E)-2-heptenal, nonanal, dodecanal, trans-2,4-decadienal, isovaleraldehyde, and diallyl tetrasulfide

were the most prominent contributors to the characteristic flavor. The OPLS-DA model highlighted 12 marker compounds

with a variable importance in projection (VIP) greater than 1, such as valeraldehyde and 4-ethylphenol, as key discrimi-

nants among the samples. This study reveals the regulatory role of aged vinegar in shaping the key aroma-active profile of

fish-flavor seasoning sauce, providing a theoretical foundation for the standardization and quality enhancement of com-

pound condiments.
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#2 GC-MS EMEEmHT
Table 2 Qualitative and quantitative analysis by GC-MS
s 3% CAS ezt A(%) B(%) C(%) D(%)

1 98-01-1 e 10.09£1.07° 14.18+0.35° 15.54+1.93% 17.66+0.97°
2 18829-56-6 (B)-2-PHiis 2.27+0.20° 1.19+0.11° 1.13£0.15° 1.26+0.18"
3 100-52-7 R 1.06+0.05" 1.58+0.20° 1.71£0.25° 1.99+0.29*
4 5910-85-0 2,2 -2,4- B8 I 0.61£0.04° 0.43+0.04° 0.35+0.02° 0.410.04°
5 2548-87-0 -2 Js T 0.55+0.06° 0.32+0.07° 0.44+0.04® 0.38+0.04°
6 124-19-6 T 0.68+0.05° 0.28+0.03" 0.27+0.00° 0.34+0.05"
7 2385-77-5 (+)-FF i 0.25+0.03" 0.10£0.00 0.12+0.02° 0.14+0.01°
8 18829-55-5 X -2-THETE 0.20+0.02° 0.23+0.03* 0.20+0.02° 0.20+0.03*
9 112-54-9 T 0.10£0.01% 0.11£0.00* 0.080.00¢ 0.09+0.00%
10 2 3913-81-3 L -2-Z8 fs 0.41+0.10° 0.67+0.08° 0.36+0.03" 0.31+0.05"
11 141-27-5 (E)-Fri5m 0.28+0.04¢ 2.22+0.16° 2.85+0.30° 3.60+0.20°
12 110-62-3 TE R 0.49+0.06" ND 0.65+0.08° 0.08+0.01°
13 124-13-0 IEERE 0.120.05° ND ND 0.10+0.00°
14 122-78-1 K 0.80+£0.08° 0.53+0.07 0.59+0.02" 0.65+0.06"
15 106-26-3 MR-y A i 3.29+0.39® 3.9040.52° 3.16+£0.32% 2.16+0.44°
16 25152-84-5 fX-2,4-58 I ND 0.46+0.03° 0.46+0.05° 0.29+0.02°
17 123-73-9 L 0.68+0.09° 0.45+0.06 0.59+0.03° ND

18 66-25-1 FCEE 0.26+0.03° 0.17+0.01° 0.17+0.02° 0.17+0.00°
19 590-86-3 SR 2.7240.13" 3.35+0.66" 3.54+0.42° 3.87+0.32°
20 [irES 64-19-7 vy ND 6.92+0.51° 7.01£0.41° 7.85+0.58"
21 79-92-5 B 0.59+0.07° 0.59+0.07° 0.69+0.09° 0.53+0.03"
22 18172-67-3 (-)-B-IR 1.84+0.27° 1.11£0.09° 1.13+0.13° 1.140.13°
23 99-83-2 a-IK M 0.80:£0.04° 0.54+0.03" 0.60+0.03" 0.60+0.07°
24 586-62-9 it A 0.16+0.00° 0.11£0.01° 0.12:£0.02% 0.12:£0.02%
25 33880-83-0 BRI 0.13+0.00° 0.29+0.07° 0.19+0.02° 0.13+0.01"
26 555-10-2 (&) -B-7K 475 16.21+1.60° 8.41+1.23" 8.63+1.37° 11.22+0.80°
27 18794-84-8 RA-B-GB W 0.13£0.01° 0.17+0.03° 0.20:0.02° 0.100.00
28 2416-27-9 KARFHHEB ND 0.10+0.00° 0.10£0.01* 0.07+0.01°
29 3338-55-4 LA PG Y A7 0.28+0.01° 0.32+£0.01* 0.35+0.04° 0.26+0.01°
30 ik 483-76-1 PR N 0.50+0.03* 0.2440.01¢ 0.2940.03¢ 0.39+0.04°
31 77-52-1 (-)-o-FAARNG: 0.53+0.06* 0.6620.06 0.84+0.08° 0.46+0.06°
32 483-77-2 (-)-Alpha-EE 3 it ias ND 0.37+0.03° 0.11£0.01° 0.14+0.01°
33 489-40-7 Alpha-Z T 0.25+0.02¢ 2.03+0.45" 2.09+0.25" 3.2140.33"
34 127-91-3 2-JRM 0.42+0.02° 0.19:0.03¢ 0.49+0.03° 0.35+0.02°
35 111-67-1 2,4-3F T 0.1540.02° 0.08+0.01° 0.15+0.01° 0.07+0.00°
36 100-42-5 KN 0.37+0.04° 0.14+0.02¢ 0.22+0.02° 0.23+0.02°
37 7785-26-4 (-)-Alpha-JEHs 0.33+0.03" 0.09+0.02° 0.09+0.01° 0.07+0.01°
38 1673-79-4  3,3,4,4-VU9R-1,5-C 4 0.09+0.01° ND ND 0.43+0.06"
39 470-40-6 (+) LM 3.59+0.48 ND ND ND

40 99-85-4 PRI ND 4.67+0.47 4.77+0.3* 0.24+0.04°
41 2179-59-1 S PR R 0.40+0.03" 0.16+0.01¢ 0.22+0.02° 0.21+0.01°
42 2179-57-9 TR 4.45+0.20° 3.70+0.42° 3.67+0.77° 3.75+0.22°
43 2444-49-7 TR DO B 3.67+0.20° 0.89+0.11° 0.87+0.10 1.05+0.07
44 ikt &7ES 2050-87-5 TS = ik 2.83+0.38° 0.69+0.05" 0.610.09 0.53+0.06"
45 6028-61-1 A =k ND 0.14+0.02° 0.08+0.01° 0.07+0.00°
46 592-88-1 AR Bk 0.4340.03% 0.37+0.06° 0.52+0.06° 0.55+0.07°
47 638-02-8 2,4-— H BLmgmy 3.81+0.39° 3.24+0.24° 3.13+0.40° 3.61+0.54°
48 1960/12/8 AL 0.11+0.01¢ 0.19+0.05° 0.54+0.07 0.87+0.10"
49 64-17-5 LI 0.41+0.01° 0.58+0.10% 0.67+0.08° 0.77+0.11°
50 _— 1117-61-9 (R)-(+)-p-F B 0.2120.02° 0.21£0.03" 0.27+0.02° 0.28+0.03"
51 106-25-2 REAERE 0.40+0.06° 0.490.02° 0.41£0.03" 0.45+0.06"
52 98-55-5 oA 0.21£0.01° 0.27+0.03° 0.25+0.02° 0.28+0.04*
53 18881-04-4 (S) - M- M e s 0.26+0.05° 0.29+0.03° 0.210.04° 0.24+0.03"




%4148 5 12 2LEHEK A AR AR & B - 309 -
k2
5 3% CAS k& A(%) B(%) C(%) D(%)
54 553-86-6 T 0.510.04° 0.14+0.01° 0.16£0.01° 0.24+0.01°
55 98-00-0 3-IOR g P 0.13+0.01° 0.35+0.06° 0.36+0.08" 0.36+0.05"
56 19132-06-0 (RR)-(-)-2,3-T ND ND ND 1.06+0.14
57 513-85-9 2,3-T ND 0.14+0.01¢ 0.58+0.07" 0.90+0.06°
58 3343-71-5 1-2¢5-3 -1l 0.28+0.05° 0.18+0.01° 0.18+0.01° 0.19+0.02°
59 821-55-6 2-T-fHd 0.53+0.07° 0.23+0.05" 0.32+0.01° 0.34+0.04°
60 K 1731-84-6 2-F 1.79+0.18° 1.88+0.29° 1.46+0.07° 1.45+0.07°
61 134-84-9 2-FRHE-5-H IR 2 0.10+0.00° 0.16+0.02° 0.08+0.01° 0.09+0.00°
62 110-93-0 FH B A T 0.20+0.03 ND ND ND
63 553-83-3 2-FHOR T 0.58+0.11 ND ND ND
64 101-41-7 KR 0.17+0.01¢ 0.35+0.03¢ 0.55+0.11° 0.79+0.09
65 119-36-8 Mz P s 0.23+0.02¢ 0.25+0.03° 0.36£0.02° 0.64+0.07"
66 101-97-3 KR 0.30+0.02° 0.46+0.05° 0.76+0.11° 0.88+0.13"
67 141-78-6 LR 0.38+0.05¢ 0.48+0.05¢ 0.57+0.07® 0.66+0.06"
68 [N 106-33-2 HFERR TR 0.14+0.02¢ 0.210.03¢ 0.49+0.02° 0.58+0.05°
69 124-06-1 I DURR .18 0.10£0.01¢ 0.21£0.02¢ 0.44+0.04° 0.68+0.12°
70 93-89-0 ZREM TR 3.83+0.22° 3.02+0.26° 2.61£0.37° 2.5740.27°
71 16325-61-8 1124/ 2.1 5.54+0.43° 6.02+0.79® 6.43+0.33% 7.4240.50°
72 93-58-3 AR T i 0.58+0.10 0.75+0.08* 0.76£0.10® 0.98+0.14°
73 1124-11-4 2,3,5,6- P4 F Jk kg 0.27+0.04° 0.21£0.03% 0.17+0.01° 0.24+0.03®
74 il 123-07-9 4-2 IR 0.51+0.08° 0.61+0.03° 0.39+0.01° 1.46+0.19*
75 2785-89-9 4-2 SER AR 0.64+0.06" 0.87+0.08° 0.49+0.07° 0.55+0.08"
76 628-80-8 3-MC e 0.74+0.08" ND 0.41+0.06" 0.46+0.01°
T: “ND”FIRAA i F—47 PSR R 208 25 5 18 2 (P<0.05) .
F 3 FEMAERVEY RS RN =
Table 3 Types and relative contents of volatile compounds in samples
. A B C D
ik EE (%) s s (%) i Ft(%) s EE (%) S
23 2487 18 30.13 17 3222 18 33.70 18
[izzS 0.00 0 6.92 7.01 1 7.85 1
[lES 2637 17 20.13 18 21.05 18 19.75 19
L 15.58 6 9.18 9.09 7 9.78 7
SN 225 8 2.66 3.45 9 5.45 10
B 3.48 6 2.47 2.04 4 2.06 4
B 11.28 9 11.76 12.96 9 15.20 9
Foft 2.15 4 1.69 1.47 4 2.70 4

BEEE - FH(A: 24.87%—D: 33.70%), H 5 HL T EAL 5%
75 P30/1 Cf Sy RAARMBURR, TR A5 ) (i) 7 {1 52
IEAHSE(1=0.75, P<0.01), UESE T IS (CUNBRMEE ) 2554
AR UK B S DTk . 4515 1 BHAENS | SR EEL
SR (IS — 3, B EAL A T 0 5 XK
AR AR .

[ By P ik s ki 1] S B R i S8 T i SN SO E 2 o
PEW B (4 AL RS Y 21 B, R SR TE
20.13%~26.37% JuFEINEEsI(ER 3) . 28T, FEE TS IR
I, WSS R S PR e (A 27.11%—
D: 20.21%), iX 7] Be S5 4FE0 B i e A BE s i
BEVE I AS LB IR G . GC-MS oy 228, wikas
Zey R EEORIE PSR 22 | 55) P, (H I EAA 2l
SR 3 SZ B OYBE A FE . LA () -B-7K 4R, H

B AN EE AR S PR BT 50%(A: 16.21%—B:
8.41%), iX n| L5 fifs HF . HR (B~D: 6.92%~7.85%) 1755
SRR A A P S,
F AR T70/2 (X5 /AL G WU, ANk .
EHAE) B4 (8 2.3 T+ (A: 0.06—D: 0.12), #EMI AT
BB B Tl S AR =2 N T 25 B S (an
BB FrE . AR, p- AT TE B, C AR R g 3 2
F(>4%), {B7E D B P IREZR 0.24%, X—A8fk
AT HE-5 AR A T P R B TG SR S22, HEm
HAARPR I i 5 S VT BRIl L S AV ERDRE -4
G SRS E Y BAmE E b . AR IHE B Al
(-)-Alpha-BEV i VMG AE B. C. D B & P il ke
Y, P I, PTREXTRIE SE /N, 25 EATIR,
RS 0T 1) 5 A A R R A0 35 USRI i) 5
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TR, X —&5185 1 BHEE (B oR el _—34.

254 o 2 A YR R T v 2R B 8 AR a4, TG
E e PRSI 2 A R E A (A 11.28%—D:
15.20%; 3% 3), FBHAFEG it vl e (2 E R S5 s e
A N A2 RE A RIS SRR, AR IFb AR BRSO R
TR S A S R AR L ] B — 2 BTk, 454 GC-
MS A 2% 5L, HHI0 AR PR 1 e AR 0O I R AT (i [ I
BEFTEE Acetobacter pasteurianus ) FIFLAL B (U055 FL
¥ Lactobacillus brevis) i AT F=A 12 (AN 2. 182)
FIEECAN 2B . AR L), R b B3R,
Blan, LA LR S A(5.54%) F+ = D(7.42%),
T RE-5 IOt} v 7 1 750 LU AL AR 14 TR Ak Sz 0 B 5 G .
LT SR AL RS P30/1 (R £ B S A aR) 11y e o (B T 5
(A:0.21—D: 0.34) B BT A= A R = A= 35 &
PEA P (AN 28 | 525 (1=0.83, P<0.01) 45 )40

B2 T R UE TR B S IS 1 LT, 4 TR

fi P ARG I ) O PSS, 22 BARTR 2R (2.57 %~
3.83%) FILIBLIR 2.5 (5.54%~7.42% ) & g o

JLRm ] 7 FEmAL S, AL B C. D 4 M
&850 BA 15.58%. 9.18%. 9.09% Fll 9.78%., &
TRALS PSRRI 12 5 B I IR v I 3R 2 R 1 5
A O, YR FRH A Z T, A bR A R IR S
PREAIR R A, A GRRR EEERVERTR, R
Fr BRI R O ST R R . A P R =
L7 S = AP - S LS B i L N Qi A PN B 2 (L e D= 7 L
EEBE NS YRS T IRTI R Tk 2,4-—
R 211 SNy PN = = A L N P St L S NG
S ETRAG G I B R I R 1 e, FT S
litiHh Z PR ARV E A 26 2R — e G R 1%
firr AL, 53— MG pH MBS AT ekt
IR el &P, B, BERSES N, Z 6k Can
TSN R DURREE . — AR ) RUBR-AR AR (S-S) A TR AIURR
T i 2 A (A—D: PUBREE 3.67%—1.05%, = #ii ik
2.83%—0.53%), TN R Bk (AN s P9 LAk ) PRl f b
e rhiE, S REMIT(0.43%—0.55%) . X—ZFERF
S ) LS R SRR E B G, R
AAIX BRI B 114 W) A7 b 2553k o

WA, B BT AE DU S T AR R i A
I, X5 BT P30/1 AL RS (X 2 BREAE ]
JRSAABURE) ) 0 (B A B 18 ) B s (B 22 58
K, A: 0.21—-D: 0.34), X F=EHBE A BEE 35N, BE2s
L//)pive ins-"y o
2.2.3 OAV Gt  hit—L Bl HHE & M
SR F PR R I DTER, AR SCHETT T OAV 41
Mo AFFTIRI, 3K 19 5 B 5TEk B 5 50 of
B LB (OAV), 24 OAV>1 I}, Wil 2 efl 7
SWT; OAV<] B, AT HEARFT S AYIE AL DT B AS
K, 3 45 OAV>1 WY TAH 40 B, e
19 i, WhkE2E 6 Bl SrimAib G4 3 Bl BEE 2 Fh, B
& 3 b, figZE 5 b, HAth 2 Fp. 500>0AV=10 19H

JZ-2-2 T . T . a-2- 280 . (B) R | 1E
SR . IESERE L R - . T IEC
T . a-ZKOTa . EARTPE AR . () -B-7K M . i
L. 3R FHEE . 2-T R . 2-— . B 3R Ee A
fild . WAL FR B . LB EHFMR LTS . AR ER. LR 2
g . 4-Z FEFE My, H3t 23 Fh, OAV=500 B94 (E)-
2-PEame . Tl T 2,428 TR L Rk
PR . kA TN R DO AR Ik 3 6 Bl Gx s ) G £
PRI BT ok IU R 3 . s PN ik DU i Pk
(OAV>10°) B & B K (D:1.05%) , {8 [N B {EHZ K
(0.0000086 ng/L) % RO KUY i, Hoi AH S
KR 2R SRR B AR O, ELBERS S I (B—D) & it
Tt 18.20%; s PN AL PUAR ik il ELAT P s TH 2 . P
1b. PR L AL i B A BE AR, (B)-2-B%
JtE (OAV>5000) TEARGINEE Y A AR5 & i =
(2.27%) , BTN e A R S B4 52 3% 8)) F B (B—D:
1.19%—1.26%) , #EMN 57 Hh Z Wy b S A 43 (an
BRI ) PR BT S A 5P, (B)-2- P 2
AR E, Beig il e i AR TR 22 iy AR P, ik
TN H B AR B R 1 7, (R e HAE AR B et
FIEAFRPE, T E—H i T HS A i A= o 3 il
RO | e Ak R SR PSSO

i b, (B)-2-Bafms . T, . SkmE. —
I P L DU AR ok 2 R AR IR il B 22 Dok, He
1, (BE)-2-BEGE M WA . T R IR 5 5%
SR DA R T S VAR A TE R A LR,
T s PR 2k DU ik 1) 75 280 A =D T~ H A R 1)
JRZE . (BE)-2-Belmmg. T . a-2,4-28 @ .
SR . ARG S B C. D AR SUE R
MO EY T ELAEL . 7E B, C. D BE4h Y, e -2,4-%%
TISTE (OAV>3800) F1 T (14 I Bl 2 I % 25 57+ 1 A4
Bl Hor, xat-2,4-3% “UEEE B, C T HEBE AL
1% BRI & B A% 25 (OAV>5900) , {H7E D rh 2244 1k
VEFHINH (OAV=3818.18) ; - i DI [56 1 ik 14 Jin L2 BR
JEBAYHARL(A—D: 619.09—311.82), 7] fg 5 41k
SN BTASTE AR A e S AH G
224 Zouseitsrtr St IR AR O IS4 A
VEWR YT TR, BB H OAV =10 A5 N H
AR, AEOY S A A B, B OPLS-DA 5451k &
Y GG FR . OPLS-DA A5 i+f 43 55 2% 4 119
AR S A D, BEAEAT ORI S BEAH G R IE
&Y. B 4 ZEEFYIN PCA 15457F, Bl
LA 4 DRES 225, A BESA LT 4 AL AR
IS —. PUZRBR, B. C A7 TE5 2R, D A 55 =%
B, 4 DRESL G XE A, YL 4 SRR E AR 25
SR, Ho B C AR EEBAHL . 8 538 LBGHIE,
BeFE “3+0+0" 414 (3 P IEAZ ST, 0 AR IESS A1)
VE N e AT S50 e AR TR 45 S Wl o fife R A0 d
R* 4 0.816, FAmiAlx) § 285 (b5 9) A8
FRRERRE R 81.6%:; R*y N 0.970, FE /RN [ A8 5
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x4 R OAV 734t
Table 4 OAYV analysis of volatile compounds

5 ey R A B C D JRE AR
1 e 9.562 1.06 1.48 1.63 1.85 FE N
2 (E)-2-Peffiis 0.00019 11973.68 6242.11 5947.37 6652.63 HEE
3 R 0.75089 1.41 2.1 228 2.65 R B
4 R, -2,4-BE g T 0.15 4.06 2.85 2.35 2.75 ND
5 B2 W 0.003 183 105.33 145.67 125 HH
6 TwE 0.0011 619.09 252.73 249.09 311.82 NEITAR., BT BAT B 7ok
7 (+)-T e 0.03 8.47 3.3 3.97 4.63 L AN R
8 S 2- T A 0.04 5.05 5.7 49 5.03 fE Bk, BRI A0k
9 R 0.00013 746.15 823.08 592.31 730.77 REWI# . R
10 S -2- B4 miE 0.017 24.18 39.12 21.24 18 BRITWR . Bk
11 (B)-FrtGi 0.032 8.63 69.44 89 112.63 WG R A
12 IE S 0.012 40.83 0 54.42 6.33 ERTF . H R G
13 B 0.000587 209.54 0 0 161.84 HH
14 L 0.0063 127.14 83.97 94.44 103.33 RS FAA, IR BRI A Ak
15 IR - 0.053 62.02 73.58 59.7 40.83 HE
16 2 -2,4-58 —IniE 0.000077 0 5961.04 5922.08 3818.18 ND
17 L 0.003 227.67 150.67 196 0 ND
18 ECEE 0.005 52.6 33 34.8 33 MR . A e B Ak
19 SN 0.0011 2475.45 3045.45 3218.18 3518.18 WRRA
20 i 99 ND 0.07 0.07 0.08 J
21 I 30 0.02 0.02 0.02 0.02 i <R
22 (-)-B-IEks 4.16 0.44 0.27 0.27 0.27 AT, BIIER
23 a- 7K N 0.04 20.08 13.58 15.13 14.93 BEAME | A
24 [ 0.2 0.79 0.55 0.6 0.61 AR
25 EEL AV VAR A 0.034 8.29 9.38 10.44 7.62 RHE &S
26 2-JR M 0.14 2.99 1.38 3.49 25 IR B A Lk
27 2,4-F 06 2 0.07 0.04 0.07 0.03 ND
28 KNG 0.65 0.57 0.22 0.33 0.36 R KRE
29 (-)-Alpha-JEH 0.1 3.28 0.93 0.9 0.7 ND
30 (£)-p-KFTH 0.036 450.39 233.72 239.61 311.61 WS
31 y-RATHAR 1 0 4.67 477 0.24 GEETS
32 By {7 St 0.08 55.58 46.19 45.86 46.86 FRA
33 TS R i 0.0000086 426395.35 103720.93 100581.4 122558.14 HAR
34 B 2 i 0.3 1.42 1.22 1.74 1.84 TR ZEFRAR
35 KL 0.56423 0.2 0.34 0.96 1.53 BOAER
36 B 950 0 0 0 0 LTS
37 isid i 0.68 0.59 0.71 0.6 0.66 T RF
38 o R 1.2 0.18 0.22 0.21 0.23 NS SR
39 3-MHK Meg Y 0.0123 10.65 28.21 29.19 29.27 ND
40 23- T 100 ND 0 0.01 0.01 ND
41 2-T-Ff 0.041 13.02 5.71 7.76 8.32 KRBT T
42 2-—i 0.04 44.63 47.08 36.5 36.2 RAFA K
43 R B P J 0.01889 10.69 0 0 0 &SR
44 MR PR 0.04 5.68 6.2 8.95 15.9 AT (1 475 T bR
45 KR T 0.15555 1.94 2.97 491 5.68 ND
46 FARERR Z g 5.9 0.02 0.04 0.08 0.1 ND
47 +URR 2 R 4 0.03 0.05 0.11 0.17 ND
48 ZRER T 0.05556 68.95 54.45 47.01 46.27 ND
49 IR PR 0.073 7.96 10.33 10.36 13.4 iR N
50 LR TR 0.055 76 96 114 132 R
51 2,3,5,6-P0 FH Lt 2.52502 0.1 0.08 0.07 0.09 RAEFE R GAE
52 4-Z 0.021 24.1 29.19 18.62 69.38 ND
53 4-Z FEAANAT 0.08925 7.18 9.7 5.52 6.15 ND

H: “ND"FRRAREH,
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Fig.4 Principal component score plot of key aroma substances
for the effects of aged vinegar on volatile compounds
in fish-flavor seasoning sauce
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