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Abstract: To investigate the influence of lemongrass extract on the fishy odor of Yellow River carp, this study focused on

the fishy smell value and thiobarbituric acid (TBA) and sensory score as evaluation indicators to optimize the deodorization
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process. Using the electronic nose and gas chromatography-ion mobility spectrometry (GC-IMS) technology, combined
with orthogonal partial least squares discriminant analysis, the volatile components before and after deodorization were
analyzed. The results showed that under the conditions of LE concentration of 1.5%, material-liquid ratio of 1:5 (g:mL),
and soaking time of 46 min, the fishy degree value and TBA value were the lowest, which were 1.248 points and 0.264 mg
MDA/kg respectively. Electronic nose analysis showed that LE treatment had an inhibitory effect on fishy substances
containing sulfur, alcohol, aldehydes and ketones. A total of 42 volatile flavor substances were identified by GC-IMS.
Among them, the content of aldehyde compounds was the highest before deodorization, and it was significantly reduced by
76.62% after deodorization treatment. By using the relative odor activity value and the variable projection importance
factor, the characteristic compounds of carp before deodorization were screened out as valeraldehyde, butyraldehyde,
heptanaldehyde, propionaldehyde, 1-hexaldehyde-M, and 1-hexaldehyde-D. After deodorization treatment, the main
characteristic aroma compounds were acetone and ethyl acetate, which could bring pleasant fruity and floral flavors to the
fish body. In conclusion, lemongrass extract can effectively reduce the characteristic fishy smell of Yellow River carp and
improve its overall flavor quality, providing a certain theoretical basis for its industrial application in aquatic product
processing in the future.

Key words: Yellow River carp; lemongrass extract; remove fishy smell; electronic nose; gas chromatography-ion mobility
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Table 1 Factor and level of Box-Benhnken test
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Table 2  Scoring criteria for fishiness value
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1.2.5 JRESr ARG 15 TR ES
2. KA HR)E A I ZEW 3 min JE, A1 10 Btk
AR E TS BONRR . BEE . BT AN 3 -4
FEBEATIESy, BARPEARUE LR 3.

F£3 BETEbRUE

Table 3 Sensory evaluation criteria
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Fig.1 Effect of LE concentration on sensory score, fishiness
degree and TBA values in carp
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Table 5 Design and results of response surface experiment

M JBE( TBAfH
BT BEIKEE  BREET BRI ()) (mg MDA/Kg)
(%) (min)  (gimL)
1 1 30 1:5 3.55 0.57
2 2 30 1:5 3.61 0.55
3 1 60 1:5 3.36 0.49
4 2 60 1:5 3.51 0.51
5 1 45 1:3 2.77 0.52
6 2 45 1:3 2.92 0.51
7 1 45 1:7 3.02 0.49
8 2 45 1:7 2.98 0.47
9 1.5 30 1:3 3.37 0.52
10 1.5 60 1:3 3.23 0.50
11 1.5 30 1:7 331 0.55
12 1.5 60 1:7 3.22 0.51
13 1.5 45 1:5 1.21 0.25
14 1.5 45 1:5 1.27 0.26
15 1.5 45 1:5 1.25 0.28
16 1.5 45 1:5 1.29 0.29
17 1.5 45 1:5 1.23 0.26

iz FH Design-Expert 8.0.6 4% 5 #1956
BRI T 2 A8 5 T 53 P, 38 o 07 2= 00 iS
R R (A) | 2R E] (B) ALERE L (C) SR EE
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0.0400A—0.0650B+0.0300C+0.0225AB—0.0475AC+
0.0125BC+0.9487A%+1.31B*+0.7238C?; Y,=0.2680—
0.0038A—0.0225B—0.0038C+0.0100AB—0.0025AC—
0.0050BC+0.1198A2+0.1423B*+0.1098C2,,

R 6. 3% 7 AIAN, PTsEsr i [al T A AL 5 24 W
FKF-(P<0.01), HARIIAS 2 2 (P>0.05), FHHIZ
ALY BLAT R4y i TN B RN AT AR . TR I A
B2, C? 1§ P<0.0001, 3% HA = K 2 By X el £ )5t IR A SR
EAT B, R E B IR i e s 2250 R? 18
£ 0.9984, iEHIT T 1, KU IZ [E AR BAG B 58 1 4L

6 NEEEEIABIAL )T 2253 Br
Table 6  Analysis of variance for the regression model
of fishiness value

e THM AmE ¥ FE PlH  BEME
HR 14.70 9 1.63  481.53 <0.0001  **
A-BRROKREE  0.0128 1 0.0128  3.77  0.0932
B-i2ifIfE  0.0338 1 0.0338  9.96  0.0160 *
C-RRi 0.0072 1 0.0072  2.12  0.1885

AB 0.0020 1 0.0020 0.5968  0.4651

AC 0.0090 1 0.0090  2.66  0.1469

BC 0.0006 1 0.0006 0.1842  0.6807

A? 3.79 1 3.79  1117.05 <0.0001 *k
B? 7.21 1 721  2125.61 <0.0001 *k
c? 221 1 221 65005 <0.0001  **
B2 0.0238 7 0.0034

JAII 0.0197 3 0.0066  6.58  0.0501
alitR2E 0.0040 4 0.0010

pavil 14.73 16

#2255 3, P<0.05; **22 4 3%, P<0.01, &7[M .,

7 TBA {HREIARRI T 225047

Table 7 TBA value regression model analysis of variance

HeIR ok AmE Br FE PlH M

iR 0.2238 9 0.0249 55.17 <0.0001 o
AR 0.0001 1 0.0001 0.2496  0.6327
B-IZHLIE  0.0040 1 0.0040  8.99  0.0200 *
C-FH L 0.0001 1 0.0001 0.2496  0.6327

AB 0.0004 1 0.0004 0.8875 0.3775

AC 0.0000 1 0.0000 0.0555  0.8206

BC 0.0001 1 0.0001 02219 0.6519

A 0.0604 1 0.0604 133.96 <0.0001  **

B 0.0852 1 0.0852 189.03 <0.0001  **

c 0.0507 1 0.0507 11252 <0.0001  **

W2z 0.0032 7 0.0005
AT 0.0021 3 0.0007 2.56  0.1928
a2 0.0011 4 0.0003

A 0.2270 16

YEIILARE ST, PR ZEAE [ 28 B 50 A 22 8] A9 B
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0.37% HIASSEARBE RS, TBA (R0 AR rh s 52
R N 09861, 23T 1, Ui 7 B AT LIAR GG,
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AT LA Ay v A b TR0 AN [ Ak B A% AR T A i RE R
TBA {H AR, AR T2 54t T ik
S ERS LA

2.2.2 BOUESCH: TN AR ST, B T R
Wi T2 e &5 2F: LE ¥R 1.498% ., 132 Mu it a]
45.743 min. BRELIL 1:5(g:mL). 7EMSRMT, Ty
JEEE(E RN TBA {EHHAIK, 43520 1.250 53-F1 0.267 mg
MDA/kg. kT FHES 5 AR (14 wT A 7P SR e,
R, X TS EGHAT T HE B TE, B LE
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Fig.4 Radar (a) and PCA (b) maps of flavor compounds
of Yellow River carp before and after deodorization
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Fig.6  Fingerprint of volatile components of Yellow River carp before and after deodorization
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Table 8 Volatile flavor components and relative contents of Yellow River carp before and after deodorization

25 k& CASS IR ERHREL BRI (s)  iEEHTE] (ms) R
Tt R A
PR 111-71-7 1180.9 430.388 133565 5.31+£0.07° 2.00+0.06"
T 123-72-8 905.7 175.657 1.28978 6.36+0.02° 0.69+0.04°
— e 110-62-3 983.9 225.623 1.18894 10.5440.20° 2.02+0.04°
W 123-38-6 826.2 136.195 1.14165 4.50£0.18° 1.81+0.10°
1-Cf#%-D 66-25-1 1078.4 308.001 1.55851 3.78+0.04° 1.3420.10°
1-2#-M 66-25-1 1077.9 307.468 1.26754 5.65+0.13" 0.60+0.01°
1-CfE-M 111-27-3 1349.2 717.516 1.32894 2.46+0.02° 1.84+0.03°
1-CE-D 111-27-3 1349.2 717.516 1.63298 2.85+0.07* 1.84+0.09"
1-J3 71-41-0 1257.4 540.213 1.2534 1.39+0.06" 0.93+0.05"
3-HE-1-THE-M 123-51-3 1207.8 466.253 1.24047 2.08+0.06° 2.75+0.02°
3-HEE-1-TE-D 123-51-3 1205.8 463.503 1.48328 1.36£0.10° 1.21+0.02°
[i2S 1- T 71-36-3 1138.5 374.79 1.18252 1.3140.05° 0.77+0.05°
1- B 71-23-8 1031.2 263.554 1.11173 1.94£0.03° 2.930.09°
LB 64-17-5 931.2 190.611 1.12023 2.18+0.08" 3.0740.08°
2-F -2 75-65-0 924 186.232 1.32505 0.55+0.03° 0.85+0.03"
2- B 67-63-0 958.9 208.254 1.09053 2.58+0.19° 2.5140.04°
2- 1B 78-92-2 1028.6 261.376 1.15525 1.11£0.03° 2.85+0.05°
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Tt R TR =
3-F2F-2-THd-M 513-86-0 1300.7 615.189 1.06145 2.47+0.04* 2.46+0.02°
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2-HI -2 P - 6- 110-93-0 1335 685.906 1.17614 0.49+0.01° 2.63+0.03°

3-CLfd-M 589-38-8 1086.1 315.896 1.17448 1.4440.05" 1.56+0.04°

4-FP I3 - 2- 141-79-7 1120.9 353.928 1.11793 0.35+0.04° 1.89+0.03"

3-CHH-D 589-38-8 1085.3 315.042 1.47445 1.06+0.03* 0.56+0.02°

FiZE 4-F 32 ) ) 108-10-1 1008.3 244.46 1.18126 1.76+0.14° 1.99+0.03"
2-J%Hi-D 107-87-9 982.2 224.401 1.3716 0.76+0.03° 2.47+0.10°

2-THi-D 78-93-3 914.8 180.841 1.24256 1.10+0.02° 3.31£0.04°

2-THi-M 78-93-3 912 179.213 1.05991 1.63+0.03° 2.41+0.03*

2-J%i-M 107-87-9 984 225.684 1.12263 2.28+0.04° 3.20+0.08"

A 67-64-1 853.1 148.469 1.11675 11.15+0.23° 15.83+0.13"

4 123-19-3 1138.4 374.663 1.22047 1.40+0.03* 1.44+0.01°

PR 2Tk 106-30-9 1331.3 677.937 1.41367 0.63£0.04° 3.6140.07°

ik LR T 141-78-6 897.8 171.302 133563 0.97+0.04° 5.60+0.05°
SRR 5 IR 2253-73-8 1183.5 433.797 1.09889 1.05£0.02° 2.010.05°

RN T R 105-46-4 979.9 222.72 1.22106 1.87+0.05* 1.42+0.10°

] 79-09-4 1541 1317.959 1.09855 1.73+0.03" 2.54+0.03"

vy 64-19-7 1444.7 971.162 1.1534 1.26+0.01° 2.5140.04°

TR A 629-19-6 1369.7 765.783 1.47348 1.210.03° 1.33£0.01°

o -SRI 99-87-6 1299.2 612.293 1.16113 2.44%0.07° 1.39+0.03°
W HlE-D 107-13-1 1002.1 239.464 1.09175 2.48+0.03" 1.34+0.05°

PG S g 109-99-9 895.1 169.791 1.2256 0.50£0.06" 2.04+0.02°

KW 79-92-5 1085.6 315.401 1.21242 1.36+0.03° 0.77+0.02°

HENE-M 107-13-1 1009.2 245.116 1.03544 0.67+0.02° 3.73+0.06°
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Fig.7 Relative contents of volatile flavor substances in Yellow
River carp before and after deodorization
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Table 9 ROAV results of key flavor substances of Yellow
River carp before and after deodorization
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LR T 5 1023 100 SRk R
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