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Abstract: Objectives: To investigate the mechanistic basis of the effects of Perilla essential oil and ginger juice on the
flavor characteristics of roasted Megalobrama amblycephala (Wuchang fish) after frozen storage. Methods: Wuchang fish
was selected as raw material to study the effect of Perilla essential oil and ginger salt on the flavor of grilled fish after
frozen storage. A comparison was made between the treated (PG) and control (CK) groups that were frozen for 1, 30, 60,
90, and 120 d. After cooking and storage, the changes in volatile flavor compounds and sensory aspects combined with the
S-curve and molecular docking technology were used to explore the effect of Perilla essential oil and ginger juice on fish
taste. Results: After frozen storage for the same period, the sensory scores of "spicy taste" "fishy taste acceptability"”, and
"overall odor acceptability" in PG group were significantly higher than those in CK group (P<0.05). In addition, significant
differences were observed in the electronic nose detection results of the two groups. During frozen storage, the primary
flavor contributors were n-hexanal and n-octanal. The relative odor activity value (ROAV) of linalool in the PG group was
notably higher than that in the CK group, and linalool played an important role in the flavor characteristics of the fish in the
PG group. The M values (actual threshold value/theoretical threshold value) of the mixtures of linalool and n-hexanal (1:1,
2:1, and 3:1) after mixing was (12.00, 26.25, and 5.78), thus all >1, and a masking effect between linalool and n-hexanal
was observed. The binding energy of linalool and the OR1D2 receptor was —5.40 kcal-mol ™', which was significantly lower
than the binding energy of n-hexanal and the OR1D2 receptor —4.46 kcal-mol . In addition, the binding sites of linalool and
n-hexanal and the OR1D2 receptor were coincident; therefore, linalool could competitively inhibit the binding of n-hexanal
and the OR1D2 receptor. Conclusions: The flavor of roasted Wuchang fish can be improved by treatment with Perilla
essential oil and ginger marinade, and the linalool produced by this treatment can mask the smell of n-hexanal.

Key words: molecular docking; volatile compound; odor interaction; frozen storage; S-curve
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Table 3 Influence of different treatments on the sensory
properties of grilled fish
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CK 60D-CK 10.83+0.75%  7.14+0.89° 13.33£1.03%* 16.83+1.17°
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ID-PG  13.5+0.55* 14.33+1.03® 22.67+2.94* 24.17+2.56"
30D-PG  11.67+1.21% 15.17+0.75*  21.5+1.38* 24.83+2.64"
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T SR TR FoR A R 1225 (P<0.05)

22 BFESH

SHARGE LR D3RG W AN 22 7T R o B £ PR AL
RS i AV FH L, ) FH el S A R AR [ 8] 5
R T S B S R S RUBR (Y AR FR 5T, Xt
NGRS R AR LT W= R RS SR RPN VA= B e 050 Wa woa
#T (Principal Component Analysis, PCA ) BE 5z Bk H A~
W] B TR S £ PR A AR 22 55, S5 R ARl 1A PR,
F Sy PCL STHE N 0.508., PC2 BTkA Ny 0.34, R
P E AT B BTHRR 2 oA 0.848, AEFR I-HiL S L
AR ZE 57 . F FE O34T Y A AR I ] A=A
WAFAE PC1 I 2525 5, Vgt 1. 30, 60,90 d
FIRE S FEZESFAAE PCL BYATM, PRsEL 120 d IUAE S
SIARAE PC1 SN, 332 BHRE 545 42 P XU 42 Jo 7
VR 90 d 2 120 d Py FR =R T B AR BT, an
Kl 1B #1 C ¥i7~, PG HTE WSS A AL U0 |
WIW G A i fUs%) A% J8dhs i ma B2 {H K T CK
2, 3K 5 PR AEDO (YIRS IR — 3. TR
Widh CK 40 F1 PG 4H7E WSS 0 o7 {8 2% T v I [
IS, TEVRIER 60 d Hi ey, X i) B S5 Rl A v h AR P i
ARAAT e, ELARY) AR A A T B R B
Syitb—R5E
23 FEEAMRIRIR S

SR TS [ AR TR HES AH f00is BT e FH A
( Gas Chromatography-Mass Spectrometry, GC-MS)
FAR TS AR R B 2 M i . Nk 4 Jr
7, T RE S T ARG I Yy 39 Rl & XUk P I, HE
AL FRIESE 5 P ERZE 6 R, BESS 9 Bh L BESSH R
15 FRAHABAL G 4 Bl AS[RIEFRARE L Z PR
RIS S RN A AR P S 25 5, FEAf G R A
FERAER R RIS BT BRka s A Fse il
A, RS T REAR A A UK, SR TR T A 22T
R S SN IS S P N o il N N iU TN
5. ZEEMERE IS EC T, PG AP BRI L A%
MEE L SOk R PR EE SRS R S AR R 1 &=

01-CK 430-CK  60-CK #90-CK #120-CK

N B1-PG ©30-PG +60-PG *90-PG A120-PG
41
3 1+
24 N v
14 " @
N *
O 04
=] "I ) o
- o8 2
-3 A
_4<
-5 ; : ; ; ; —

PCI
R°X[1]=0.508 R°X[2]=0.34 Ellipse: Hotelling’s T2 (95%)

? e oDk
w58 +- 60D-CK
90D-CK
120D-CK

. e
W3S T S0D-pG
/ 90D-PG
120D-PG
//// W3C
S

‘\\ W6

WsC

b7

WIS

B 1 RS R RS £ B S A (A)
MFEEE(B, C)

Fig.1 Principal component analysis (PCA) (A) and radar chart

(B, C) of fish after different freezing periods
using the electronic nose
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Table 4 Contents of volatile substances in fish after different freezing periods

- it (ng/g)
; - . . RT  BES
BT 3 IS4 CAS . QURFI 120D-  120D-
(min)  (ng/g) ID-CK 1D-PG 30D-CK 30D-PG 60D-CK 60D-PG 90D-CK 90D-PG - oG
ik e 9665 7.07 451 8.64+ 216 243+
EE 10., 1 N E1
1 i Nonanal 124-19-6  19.9784 034 Bk, BiGBR 170 433 0.55 0.75 0.4 0.20 nd nd nd nd
BRI, 181 222+ 1.62+ 174 170+ 077+ 210+  0.87+
2 TEpE Heptanal HE717 128920 018 oy 033 0718 o0s2 ™ o013 02 o014 o036 o016 M
BEBR.RIGE 424+ 1106+ 15.08+ 13.08+ 83.15+ 57.75+ 16.65: 27.03+ 20.06+ 1629+
m¥k 3 RORE Hexanal 66-25-1 102056 028 wypk 056 180 405 187 451 272 1316 213 366 827
. T A 8.11+ 343+
TE IR 62 : ) . .
4 Pentanal 110-62-3 7.9605 0.41 e nd 0.62 nd nd nd 034 nd nd nd nd
. J 128+  1.64+ 119+ 2,19+ 0.51%
g 13 ) X ) . . . . X
5 ¥ Octanal 124-13-0  16.1061 0.01 ik 020 0.48 0.17 022 nd nd nd nd nd 0.05
6 23-FTHE 23-Octnedione  585-25-1 171741  2.52  WOABRIE 16814; nd nd nd nd 10‘6141i nd nd 069191i nd
. e 0.49+
7 2- T 2-Nonanone 821-55-6  19.8681 15 AR nd nd nd 0.07 nd nd nd nd nd nd
3-HIEEIFIL 3-Methyl-1,2- 051+  0.95+
IR , . * . X
8 ke12.—m cyclopentancdione 765-70-8  39.178 " nd 006 016 nd nd nd nd nd nd nd
[EEES 3- ¥R Hk-2- 3-H
£ -Hydroxy-2- e 1.83+  1.25+ 046
_86- ) H
9 T oxobutane 513-86-0  16.1957 259 'S nd nd nd nd nd nd 0.06 033 0.05 nd
. 0.86+ 126+ 040+ 0.85 0.44+
10 - 3-Octanone 106-68-3  14.999 28 S 006 006 007 095 nd 0.15 nd nd nd nd
[ TR Z'Hy‘:"l"§'3' 017 317 26 SR 0.52+ d 4 06t d | g 038t | d
i methyl-2- -7l : w5k o000 M n 002 ™ n n 007 " n
cyclopentenone
N N 11.84+ 172+ 258+ 332+ 159+ 720+ 112+ 096+ 14+ 22+
2 1O I-Hexanol 111273 18435 6  WMMOEIR 06 028 024 022 004 033 010 007 013 036
. - 1.05+ 2,66+ 053+ 092+ 345+ 402+ 1.68+ 192+ 082+ 1.00+
1 e = AT Py
13 ol 1-Pentanol 7410 149478 01 WRTUR 0 Tt Tl 003 008 025 004 005 009 009
. 1.78+ 221+ 0.53+ 0.60+  0.42+
1-JM5-3-BE 1-Penten-3- -25- . AR
14 1-Penten-3-ol 616-25-1 12.1893 1 T nd 013 nd nd 023 nd 0.05 nd 0.03 0.16
" 0.76+  0.83+ 0.75+
1 - -87- . .
15 1-Octanol 111-87-5  27.2156 2.7 0.15 0.05 nd 0.12 nd nd nd nd nd nd
B 16 1¥HE  LOctendol 3391864 22249 . ARGPIR, 1028+ 851 535+ 7.0l 942+ 846+ 3.05+ 492+ 462+ 323%
7~ ) - - ’ 21U 1.48 184 077 050 040 036 044 034 1.54 0.4
_— BHERT AR, 126+ 230+ 0.85+ 131+ 0.97+
2 B ] o, . . . . X
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. . 1.03:  0.69+ 049+ 052+  0.60+
2-ZHCEE 2- 76~ ! At
18 f%  2-Ethylhexanol ~ 104-76-7  24.0434 13 (N 032 016 nd nd nd 004 009 003 nd nd
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2 17- : R, Sk
19 i Ethanol 64-17-5  7.1339 8 1ok, Rk 005 032 nd nd 052 o8l 0126 007 nd |14
20 I IHeptanol 111717 225566 48 femmkik 087 4 ng 0 a0 0720 4 nd nd
0.12 001  0.06
(1R)-(+)- . N 1.32+ 1.90+ 432+ 045+ 090+
e +)-a-Pi _70- i . E X . .
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22 pATIE p-Caryophyllene  87-44-5 293865 0.2 RICUS nd nd nd 0.54 nd nd nd 0.4 nd nd
e - A .93+ .33+
23 a/KSTME o-Phellandrene  99-83-2  12.2442 % nd nd a0 nd nd 093 g 033
0.16 0.46 0.02
RS 1.40+ 3.58+ 1.58+
24 R 2-Pinene 80-56-8  8.9316 18 ok nd 057 nd 0.60 nd nd nd nd nd 06
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25 BKITME p-Phellandrene  555-10-2  13.7312 36 ek nd nd nd nd nd 026 nd o4 nd 0.51
oo pe e 1.60+ 511 1.02+
) . _30)-. 510G
26 o-EHG a-Curcumene  644-30-4  37.3721 TR nd 0.14 nd 0.68 nd nd nd 0.04 nd nd
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st -82-
31 Rt Eucalyptol 470-82-6  13.7886  59.7 jﬁ ! nd 353 0.03 136 nd 431 nd . nd 106
AR
, NN 7.00+ 10.06+ 6.03+ 8.5+ 3.48+
o e : . X X . .
32 SRR Isoborneol 10385-78-1 34.5864 s nd b nd 055 nd | o4 nd 09 nd 068
MHEAER
. . 2871+ 048+ 43.46+ 16.42+ 39.51+ 16.44+
T -70- X . iEsE
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Sl 147+ 0.88+ 1.09+
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Fig.2 Changes in volatile substance contents (A) and relative
odor activity value (ROAV) (B) in fish
after different freezing periods
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Fig.3 S-curve of threshold values for linalool
(A) and n-hexanal (B)
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Fig.4 S-curves of odor synergy for different concentration ratios of linalool to n-hexanal
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Table 5 Theoretical and measured threshold values for the
mixture of linalool and n-hexanal

BEEL PREIE MOEBPREME

R ECE (ng/g) (ng/g) FSH(E) AR
1:1 0.37 4.44 12.00 Eiw
2:1 0.28 7.35 26.25 E{w
3:1 0.23 1.33 5.78 E{w

{H°R 0.37 ng/g, KLBRE{E R 4.44 ng/g, M=12.00; F5
PR IE LB =2: 1 BT EIS BI(E N 0.28 ng/g, SEFRH
1B} 7.35 ng/g, M=26.25; F5F&l  1E L BE=3:1 B} #
WEI{E R 0.23 ng/g, FEPREI{EA 1.33 ng/g, M=5.78,
3 e B LU i D5 AR S S TE CUESIR S ) Y SE B B S
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H A AATERERAE T o B D5 AR 5 LU R, M ek
JE IR, 3K AT BE AR R A TEAR LU, D5 AR X T O <
RIS IR AR 22, Bl LS RO AR X T L i
SUCRANB IR, 2 D5 R BT 1E O s R 22 i
DR ARSI OO AR o Ll 1F O R S AR B E
2SR

FFHERE S E O T HEVER] S-thZ 45 9 58k

K6 UREGTFR PG A6 PSR 5 IE O R LUE

Table 6 Ratio of linalool to n-hexanal in fish in the Perilla

essential oil and ginger salt-treated (PG) group during the
freezing process

SR
25 — HAE
Tyt (ng/g) IECH (ng/g)

1D-CK 0 4.24 0
1D-PG 28.71 11.06 2.60
30D-CK 0.48 15.08 0.03
30D-PG 43.46 13.08 3.32

60D-CK 0 83.15 0
60D-PG 16.42 57.75 0.28

90D-CK 0 16.65 0
90D-PG 39.51 27.03 1.46

120D-CK 0 20.06 0
120D-PG 16.44 16.29 1.01
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Fig.5 Molecular docking diagram of OR1D2 with n-hexanal
(A, C) and linalool (B, D)
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