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Abstract: To address the issue of fishy odor in farmed sea bass, this study investigated the effects of seasoning treatments
using extracts from three medicinal and edible plants—oregano, citronella, and moringa oleifera—and their compound
mixture, on fish flavor profiles. Flavor characteristics were analyzed via electronic nose, electronic tongue, free amino acid
analysis, and headspace solid-phase microextraction coupled with gas chromatography-mass spectrometry (HS-SPME-GC-
MS). Results demonstrated that all seasoning solutions applied at a concentration of 0.3 g/100 mL effectively improved the
flavor quality of sea bass fillets. Notably, the compound treatment group (oregano:citronella: moringa oleifera=1:1:1)
exhibited a synergistic effect. Seasoning treatments significantly reduced (P<0.05) thiobarbituric acid (TBARS) values in
fish muscle, indicating effective retardation of lipid oxidation. Concurrently, increased total color difference (AE) values
resulted in visibly darker coloration. E-nose analysis revealed that seasoning treatments significantly attenuated sensor
response values for WIW (sulfides), W2W (organosulfides), and W1S (methyl groups), corresponding to reduced levels of
sulfur-containing compounds and methyl-derived off-flavors associated with fishiness. Principal component analysis (PCA)
effectively discriminated among the five sample groups. E-tongue detection indicated significantly reduced acidity and
bitterness values in all treatment groups compared to the control (P<0.05). The compound treatment significantly increased
the total free amino acid content from 357.94 mg/100 g to 418.96 mg/100 g (P<0.05), with a marked increase in umami-
related amino acids. This suggested that the seasoning treatments effectively promote amino acid release, thereby enhancing
nutritional value. GC-MS analysis demonstrated a significant increase in the diversity of volatile compounds in seasoned
fish. Specifically, the number of volatile compounds in the compound seasoning treatment group increased from 19
(control) to 45 types, with notable increases in alcohols and terpenes. Aldehyde content decreased, and the primary fishy
odor compound, hexanal, was substantially reduced from 3207.03 pg/kg to 317.67 pg/kg. The study demonstrates that these
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three natural extracts, particularly in combination, can reduce the generation of fishy odor substances through multi-

pathway synergistic effects, providing theoretical support for the application of natural substances in flavor enhancement of

aquatic products.
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Table 1 Preparation of different seasoning liquids
PERTR A JERL WRBEREBE (/100 mL) S IEF ] (min)
PR FEMHK 0.1,02.03.04,05 60
FEWHH  FEHEER 01.0.2.03.04.0.5 60
BARTHNH  BORIHER  0.1.02.03.04.0.5 60
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Table 2 Sensory evaluation criteria

R RE(%) bRt P4 (53)
AN 5, B A LR TS M 81~100
S 20 AN A AT B, B KIS 61~80
AR % ¥, UEAR 0~60
AR, 75 A 1 AR 81~100
S 40 AR, RYTEA f IR 61~80
TR, R 0~60
BEFESE, ARAME 81~100
fiikes 30 ORISR, 0 A R B 61~80
BERHR A 0~60

i3 5], A EHE, fa AR 81~100

iy 10 S, AR, MR 61~80
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Table 3 Corresponding substance types for different sensors
in the electronic nose
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6 \UN XS R
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Fig.1 Comparison of seasoning effects of different treatments
on sea bass
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Table 4 Impact of different seasoning liquids on the color
difference of sea bass

B 253545
AbFRZH - -

a b AE
popiist 60.46+0.89" —3.8+0.88° 8.73+2.01° 34.38+0.6°
=1 56.62+1.06°  —3.79+0.47°  9.02+1.62° 38+0.87°
Lok 53.11£2.01°  —3.66+2.18" 3.45+3.9¢ 40.97+0.8"
HF 56.25+0.07°  —3.16£1.08*  10.24+1.42°  40.33+1.96"
A 54.61£1.05"  —6.41£1.45°  7.69+0.34°  40.35+0.74*

TE: AN RN A B V225 (P<0.05).

2.3 FEREKEXEE5E TBARS HIFZM0

AR FL 2212 (TBARS) E TRl & b S s
SRR . MBI & 2B SR 7= A — R AIIAIK
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MDA/kg, *i5 N4 22 | 25 FIsR =Fh KR Y B 5L
Fe4b 315 , TBARS {H MK 0.233 mg MDA/kg, 7T
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Fig.2 Impact of different seasoning liquids on the TBARS
value of sea bass
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Fig.3 Principal component analysis (PCA) plot (a) and radar
chart (b) of the impact of different seasoning liquids
on the odor characteristics of sea bass
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Fig.4 Principal component analysis plot (a) and radar plot (b)

of the effects of different seasoning liquids on the taste
characteristics of sea bass

Y5 (A R VRIBE, AT BT Sk, RS A XU B2
ZHE
2.6 AEHEK &GS &S &R0
FAILTRAE 35 11 5T B e 7= o SRR BT AR 47 Jox

AT 58 BRI BARYE A B R, U\ﬁ'ﬁﬁxﬁzﬁ
PEE PRI UR (BT 32T 5 e 5 2 ki 2 3
ASTE BB, oA ek SR 2 5 R R AT R A
5%, BHIR BEE S5 22808 . HEWR . 78 2R AR 218 55
AP PRI S 2 AR | BEER L R R AR
ﬁ@fimﬁj&o

VARt £ 25 35 AS ] Ab B S S R 8 & B A AR T
22 6 N, X RE4H B IR & /& 357.94 mg/100 g,
WG 7 P TF AR (38.44 mg/100 g), 16 FrAEL
TR ALRR(319.5 mg/100 g), FRAAL B2 5% RE2H AH
Lo BV S LR A i i 2 R T = 488.29 mg/100 g( P<

H 5 AR ROGH 5 £ 2 R M 1 (B R

Table 5 Influence of different seasoning liquids on the response values of sea bass flavor characteristics

— PR AL R ZH
payiist =1 Lo i BA

fR(AHS) 5289.81+14.7° 5130.72£11.93¢ 5110.07£10.64* 5194.32+13.73° 5091.11+13.39¢
4 (PKS) 2502.16£55% 2489.14+48.08" 2516.7+43 .44 2545.47+45.03" 2546.02+44.01°
JH(CTS) 3358.5+122.63" 3286.15+107.47° 3277.03£97.22° 3310.89+95.04° 3245.06£101.35
i (NMS) 2004.13+2.38° 1996.64+2.64° 2041.99+14.95° 2081.81+3.79° 2087.43+9.67
4 (CPS) 1997.5+61.35° 1965.16+£52.59¢ 2006.78+47.4° 2044.5+49.53° 2027.85+52.92°
T (ANS) 2794.17+69.13" 2734.56+67.57° 2752.82+57.12° 2789.64+56.95" 2750.84+62.3°
#(SCS) 5890.38+13.18° 5716.07+10.66° 5693.81+7.81% 5784.58+£12.37° 5680.29+9.58¢

T [ A7 AN R INE TR R BAT 322 5+ (P<0.05), 6., RT7IH].
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Table 6 Impact of different seasoning liquids on the free amino acid content of sea bass
£ (mg/100 g)
Fhzg R/
oy =L L HH BA
REH R Asp fief 0.91£0.41° 0.79+0.14* 0.4240.07¢ 0.65+0.07* 0.610.18%
BHE M Glu i3 5.53+0.19°¢ 6.49+0.32° 4.34+0.54¢ 7.340.1° 6.71+0.06"
IR Thr il 8.65+0.92" 10.06:+0.89% 6.97+1.53° 7.77£1.36° 11.240.19°
225 R Ser il 15.68+2.27" 17.67+0.89% 13.38+2.73¢ 15.01£2.29™ 19.93+0.13*
H&m Gly il 151.16+10.66 184.76+12.82% 138.02+30.32° 155.88+23.68" 214.95+7.5
N Ala il 20.71+1.74° 24.26+1.9 21.13+4.78 25.47+3.2% 28.45+0.71°
Y222 Hypro il 9.52+0.28° 11.55+0.01° 9.8+0.97° 9.45+1.78° 15.42+0.14°
It 2R Pro il 6.16+0.89 8.47+0.81° 5.62+0.39 6.260.16 7.78+0.35°
AR Val 5y 5.04+0.63° 7.12+0.15" 5.76+1.32% 5.38+0.44 6.92:+1.45%
FESR Met’ {'% 1.25+0.2° 3.61+0.71° 2.16+1.14 1.52+0.23" 3.11£1.62%
LR Te” {'% 1.79+0.47° 3.29+1.47% 1.75+0.34° 2.2+0.45% 4.5742.13°
55454 Leu’ {'% 3.42+0.75 4.3+0.66™ 3.44+0.74° 3.95+0.64° 5.89+1.43°
AINE % Phe” {'% 1.67+0.15° 1.91+0.16 1.54+0.3° 1.98+0.25" 5.43+3.17°
#1%R Lys i 16.6242.31 18.53+2.32° 13.3242.57° 14.17+2.34° 19.12+0.17*
4R Cys i 2.26+0.24% 6.33+2.66™ 2.3240.95" 1.54+0.29° 6.62+3.99°
it %R Tyr i 1.87+0.37° 2.39+0.46% 1.74£0.29° 1.96+0.22° 4.8642.76°
2% His i 32.47+4.02° 35.58+2.77" 33.99+7.37° 39.1544.97° 41.4240.06"
AR Arg i 2.51+0.29" 2.96+0.41% 1.97+0.35° 2.140.39° 3.15+0.09°
JVER Cit 61.53+4.16 59.02:+0.72" 69.2+15.98 90.65+2.85 71.02+1.99
iR Tau - 0.6=0.08" 0.610.05° 0.24+0.24° 0.21£0.21° 0.64+0°
FHE IR Hylys - 0.610.05° 0.8+0.05® 0.76+0.08" 0.87+0.01° 0.77+0.02°
5% Om - 1.41£0.53% 1.55+0.07° 0.79+0.2° 0.91£0.2" 1.54+0.14°
RAWERE Ans - 6.57+0.39" 6.91+0.7° 6.09+0.09° 6.3+0.3¢ 8.18+0.2°
Wit =R 38.44+5.43° 48.82+6.36™ 34.94+7.94° 36.97+5.71° 56.24+10.16"
e HIHER 319.5+26.57¢ 370.14+24.78° 309.77+64.81° 363.71£40.72° 432.05+18.32
SRR 357.94+32" 418.96+31.14° 344.71£72.75° 400.68+46.43° 488.29+28.48"
AR AW 211.88+16.76 256.77+17.32% 194.92+40.72° 219.84+32.47% 297.73+9.02°
fif PR B 6.44+0.6° 7.28+0.46" 4.76+0.61° 7.95+0.17* 7.3240.24°
TR AR 68.9+9.43¢ 86.02+11.77° 67.95+15.37° 73.95+10.22" 101.09+16.87*

s R T AEER

0.05), EHCLH A 20453 0>k 418.96 mg/100 g Fil
400.68 mg/100 g, 4+ FLHFEML % 344.71 mg/100 g, 1]
BEM R ELE BRI A B 50 £ 5 102 55, ix ik
SAEER N BT MR AL /KIS MR T, wieigfys o R W el 55 0
B S IER IR G, S350 £ 1Y U S e L S Y
It Az rp g R h 43T B R Y 2R 1 ST AE
HAEJH, PN S20e s 125 2 B MR it AR il AN 5 220

R A FE IR NAS Z IR AE Sy WL 1) o IR 2 LR Y,
P FIVE FH O 0 B 0T LRSS Ao PR p s s B, o
B A PBRAUE BRI FZE TR, ISR Em N E IR
JoT, B BRI AR BTG AN ZiEdse e B A G Bl aR
PIVER . BRAE LS, Hp = A B2 I3E 5 T R
MR AR & . 224018 . B FRIiaig & a
HheR DL R RS, b H =R o A Er, HoA g
FHEFAR AN AR AR, BRI ZH 2R &
(214.95 mg/100 g) W3 = X8 (151.16 mg/100 g)
(P<0.05), 4~ L JC i 52 m . PRS0 S 1R LN 2H 2
12 | 2R A A58 S BG4 AASBLA RIS, (HAF
SR, AT P AR RSO R A —

P FH B, & TP (86.02 mg/100 g) . 5 5(73.95 mg/
100 g) FlIFBHA (101.09 mg/100 g)ZbFHZH 178 Ik 28 Ht
PR 14775 T % B 2H (68.9 mg/100 g), 1j 4= 28 2H [ Ky
67.95 mg/100 g, & LR, HE . & MR b2
YAy T B R ETR S e R 2 R & e, (H R Ak
BRI St 23N, 2 AL BRI ARFEAR T R
P 1 2 ek, AR XU 4035 TG B I Bk o
2.7 AREHARERT A F1E A XK R A S0
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iof 80% MR KMk pl sy, MR T E S (4 Fh) | BEZE (12
)L ERZE(4 B kel (12 B L AR (2 B LB
22(14 Fh) L yZE(S Fh) L EEIS(S Fl) L ERIS(2 Bl L T
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under different treatments and graph (b) of volatile compound
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Table 7 Composition and content of volatile flavor compounds
3 FriE(pg/ke)
e I 222 E AR <
XFIRZL Rl ot e il BRAL
1 CLE 3207.03£769.16* 317.67+118.69°  326.49+46.37°  431.03+60.16°  274.81+125.53"
. 2 PR 443.96+10.85°  209.714£5.01°  213.14£107.45°  399.8455.16"  127.77+69.92°
ek 3 TSR 360.44+72.81°  191.85+16.02°  169.814£33.69°  292.03+30.28°  146.08+87.78"
4 TR 1001.04+279.93*  285.07+88.96"  288.86+68.56" 332.6+78.16"  371.83+153.74°
At 5012.47+1132.75 1004.29+228.68  998.3+256.08  1455.45+223.77  920.48+436.97
1 2-2.3-1-C0 140.01+16.88* - - - 115.37+56.33°
2 5-HI%E-2-(1-H L 238 ) - T 67.17£9.09° - 73.66£31.56 190.12+56.71° 56.45+1.78"
3 Dy R - 173.3+10.56" - 289.36+83.29" -
4 5-F3E-2-(1-F L 203k ) - IR O et - 18.67+0.98° - 540.01£199.03" -
5 A - 3023.2+222.78" - 5836.03£1058.93" -
— 6 L - 97.84+1.06° - 190.12+76.42° -
7 2- R - 56.55+0.72° 46.03+3.88" - -
8 4-Z IS O e P B - 1860.52+98.73" - 3769.69+760.13° -
9 S A - 737.14+87.49° - 1354.27+541.94° -
10 2-ZE - 256.47+3.82° - 308.64+25.97° -
11 S I - 1123.14+740.83" - 2993.02+1572.96" -
12 R AT - 1121.78+47.27° - 2479.16+306.93° -
At 207.17425.97  8468.61+1214.24  119.7+35.44  17950.41+4682.31 171.83+58.11
1 S YA - - - 35.27+0.36 -
K 2 L-ﬁ#ﬁ@ﬂ - - - 35.27+5.7 -
3 3- T Hs-2-T - - - - 15.9+0.94
4 FH S BRI T - 223.59+£60.94° - 570.27+33.94 -
At 0 223.59+60.94 0 640.8+40 15.940.94
1 A 29.16%1.42° 19.66x1.81° 119.94+64.83° 37.83+4.53¢ 79.39+13.54%
2 . YT 17.86+0.69" - 23.09+0.46" - 78.6+32.97°
3 - pade” 20.23+5.78° 124.35+56.76" 31.83+0.87" 64.72+3.77° 22.67+0.64°
4 (REiRS 49.88+12.56™ 52.51+17.31% 73.2+43.86° 93.96+39.04° 38.19+0.71°
5 ke 58.05+34.7° 28.56+4.6° 48.47+54.18° 60.12+18.63* 33.11+0.86"
f— 6 i I T\I}E 24.32+17.43° - - - 32.29+8.64°
7 =k 14.51+8.28° 10.19+0.57° 38.04+5.64° 23.74+12.63" 28.87+2.53
8 1E+ =k - 178.35+24.53 97.7+6.73% 58.61+31.97° 60.39+9.56"
9 I ] - 105.64+32.16" 104.5+11.73" - -
10 i AN - 23.22+5.77° 48.79+0.54° - 51.73+7.97*
11 ke - - 45.02+12.84° - 30.110.62°
12 i - - 25.66+8.64° 25.57+5.33° 34.64+6.1°
it 214.01480.86  542.48+143.51 65624421032  364.54+1159 490+84.14
siftrs 1 1;6,5?;13#%% - - 58.13128.99‘?‘ - 58.55:&2.63%’
2 =R - 15.68+0.29° 22.01£17.33" 25.79+1.46" 34.69+1.85°
A1t 0 15.68+0.29 80.14+46.32 25.79+1.46 93.24+4.48
1 AT 19.71+6.42° 80.87+7.99° 61.76+5.71° 73.86+14.85" 41.83+6.72°
2 B-HEER - 395.34+43.71° - 382.6+44.66" -
3 D-FPigf - 301.41497.6° - 91.01+2.76 -
4 o-JRM - 55.25+8.78" - 58.43+7.85 -
5 o-BETE AR T - 27.9+3.42° - 79.58+5.73" -
6 v - - - 40.78+1.78 -
WL y-FE R - 53.41+£5.73° - 38.52+12.9 -
8 - B3 Js - 22.84+1.06° - 60.63+7.4° -
9 2-FPNFE-5-FHRE-9- Y HY JE- T FR[4.4.012%5-1-45 - 188.26+99.02° - 190.67+67.65" -
10 R ARG - 55.36+0.45° - 150.52+42.71° -
11 NE-4T- TR ) -2 - 107.23+53.05" - 113.97+38.61° -
12 1-5%%.1.5%;%%(1.@%5%» - 35.52+7.83° - 101.64+27.93" -




- 354 - B Tk B 2026 4 4 H
gk
it (pg/kg)
e I =2 BB —
X HRZH A o HHA FRARLL
13 AW - 61.07+2.61° - 505.87+32.9° -
14 FrlgEE - 291.29+40.86" - 826.16+560.22° -
it 19.71+6.42 1675.75+372.11 61.76+5.71 2714.24+867.95 41.83+6.72
1 I - - 2594.74+108.56°  73.86+14.85 -
2 HHE - 1329.71+376.04" 1566.48+441.26"  382.6+44.66° -
Wk 3 2,4- BT B 698.49:+468.01° - - 91.01+2.76°  1037.55+365.82"
4 2,6-RUT X H R 115.83£20.66°  2121.88+441.95" 1217.59+793.04*  58.43+7.85° 843.82+94.7°
5 2-J5-4,6- —RUT SR EY 53.27+7.92° 158.27+95.02°  180.66+32.78" 79.58+5.73° 127.14+6.89°
At 867.59+496.59  3609.86£913.01 5559.47+£1375.64  685.48+75.85  2008.51+467.41
1 B ot - 364.04+55.86° - 38.52+12.9° -
2 T H ik - - 21.79+2.99° 40.78+1.78" -
Ak 3 4-HI5E-2-(2-F 3 1- T 25 ) DU -2 H- ity - 107.61£17.84° - 68.19+2.31° -
- ) ) -
4 (ZS'J"“)'wﬁm""TH_%t’tZu%z'Eﬁ%'l'Wﬁ - - 364.04+£229.64° - 372.72+29.9° -
5 13 2, 5 DU S - 7a- FF - T -2 - 268.73+59.73 - - -
At 0 1104.424363.07  21.79+2.99 520.21+46.89 0
_— 1 IKWR2- . FEC iR - - 142.01+47.85 - 508.18+58.09*
2 TR TR 112.7+9.04 - - - -
At 112.7+9.04 0 142.01+47.85 0 508.18+58.09
. 1 1-F3E-1H-2f - - - 215.2+11.84 -
HER e . . . . .
2 S 535.66+161.47°  535.66+66.85 278.34+38.95"  424.214221.95°  375.73+62.9
At 535.66+161.47  535.66+66.85 278.34+38.95  639.414233.79 375.73+62.9
iz 1 =075 3 - - 145.78+59.03°  121.41+56.73°  137.31+43.27°
&it 0 0 145.78+59.03 121.41£56.73 137.31+43.27
e =T FIRAKE R T IR VB L

W AEE . AKREF . MIEEEITREF S, A armriare
B SLE L] B R ARXT RS, HAA T HAR, o-IRMG RE
SV AR Wy o ] A e D A A =
SSEPiEI N, SR b | RS UK BT A A
VEF, v/ b BRI BEHT 00 SR S, it
R e, 24 B4 S A &AW E B EA E
2R, BRACLH G S 2,4- RUT RS HAA R
B, X BAAASARAREE A — B MR . E2IS TR
Bk EA BORAEE, 7T LAE— 4 R 2R

LE DT, BES . WS | S SR ST I ' f
PR IRUARIE Bl B35 AR, 25 B 2 (Bl A B AR
FAFARAL L R phesg Tt g XUSRARENT, SCERe 55 i
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3 g
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FHX Tt 0 XU 1 PR E FH, & IR HE B 1 52 T
VA3 E IR B U 0 R4 TR SRR SN W SN 747 NN = B A Y Y=t a5
M FMELH 4 B 220 T 100, DA S B XU & Jo B 4=
T AR T — A, A Al g (2F 2 /S R
AR=1:1: DZEFRBEWE R 0.3 g/100 mL A, L B
FERRRECR . b 22 S5t REROOFK
Sl B EEH, S E AR A IR . TBARS
{HST TR, B HCLH A —2H o3 o 1 %R B4 Ak
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PATRIAR Ko, HALHI AT BB 5 254 o ib i S b il
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B [R5 5T S O H AT PR S i 2 LR 14 A= i, AT
PSR LR IZ OO R B FRME . il GC-MS 45
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