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Effect of Rosemary Extract on Deodorization of Mackerel Based on GC-IMS
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(1.School of Food Science and Technology, Dalian Polytechnic University, Dalian 116034, China;
2.Acchrom Technology Co., Ltd., Beijing 101400, China;
3.National Research Center for Marine Engineering Technology, Dalian 116034, China)

Abstract: To investigate the effect of rosemary extract deodorizing solution on the deodorization of mackerel, the
deodorization process was optimized using one-way and response surface tests, and the volatile components of mackerel
before and after deodorization were identified by gas chromatography-ion mobility spectroscopy (GC-IMS). The results
indicated that the volatile flavors of mackerel were significantly different before and after deodorization. The lowest TBA
and sensory fishy flavor values of 0.881 mg MDA/kg and 1.34 score, respectively, were obtained at a concentration of
0.16% in rosemary extract deodorizing solution, a mass-liquid ratio of 1:3.3 (g/mL) and an immersion time of 41 min. A
total of 45 volatiles were detected by GC-IMS, with the highest relative content of aldehydes before deodorization. After
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deodorization treatment, the relative content of aldehydes was significantly reduced by 30.73%, and the relative content of

ketones and esters was significantly increased (P<0.05), by 0.87 and 2.11 fold, respectively. An orthogonal partial least

squares-discriminant analysis (OPLS-DA) was utilized to develop a model with reliable stability. Based on the variable

importance in projection (VIP), the key flavor substances before deodorization (VIP>1) were identified as hexanal (M),

hexanal (D), and butanal, all of which constituted the overall flavor of mackerel before deodorization. The key flavor

substances (VIP>1) after deodorization were ethyl isobutyrate, isoamyl alcohol (M), and 3-hydroxy-2-butanone, indicating

that the rosemary extract deodorizing solution effectively improved the volatile flavor of mackerel.

Key words: mackerel; deodorization; response surface; gas chromatography-ion mobility spectrometry; orthogonal partial

least squares-discriminant analysis
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Table 1 Factors and levels of response surface optimization
test of RE on deodorization of mackerel
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Fig.1 Effect of rosemary extract concentration

on the deodorization effect of mackerel
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Fig.3 Effect of soaking time on deodorization of mackerel
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Table 2 Response surface experimental design and results

g ARE®RE BEHELL C‘i%iﬂllﬂ‘l‘fﬂ TBAfH  BCEIER(Y

(%) (g/mL) (min)  (mg MDA/kg) (41)
1 0.15 1:2 50 1.81 4.70
2 0.15 1:3 40 0.96 1.35
3 0.15 1:2 30 1.75 4.50
4 0.10 1:2 40 1.74 3.90
5 0.15 1:4 50 1.32 3.05
6 0.10 1:3 50 1.75 4.16
7 0.15 1:3 40 0.89 1.29
8 0.15 1:3 40 0.92 1.34
9 0.20 1:2 40 1.47 341
10 0.10 1:3 30 1.68 3.69
11 0.20 1:3 50 1.40 3.00
12 0.15 1:3 40 0.97 1.47
13 0.15 1:4 30 1.55 3.68
14 0.20 1:4 40 1.12 2.60
15 0.20 1:3 30 1.74 3.70
16 0.10 1:4 40 1.27 2.90
17 0.15 1:3 40 0.97 1.39

3 [RIERRTT 20T

Table 3  Analysis of variance for the regression model

o Fif Pl
FERR oA EEUORE  TBAML  EEBI

i 137.63 34.81 <0.0001 <0.0001

A-REW & 41.29 7.18 0.0004 0.0006

B-EH L 187.67 34.93 <0.0001 <0.0001

C-E ] 15.72 0.83 0.0054 0.0836

AB 2.20 0.14 0.1815 0.4387

AC 27.09 522 0.0012 0.0015

BC 14.58 2.63 0.0066 0.0089

A’ 166.07 30.47 <0.0001 <0.0001

B’ 123.98 68.64 <0.0001 <0.0001

c 574.63 138.57 <0.0001 <0.0001

JAIT 1.41 5.58 0.4149 0.0651
R 0.9944 0.9958
R 0.9872 0.9904
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Table 4 Composition and relative content of volatile flavor compounds in mackerel before and after deodorization

255 R CAS TR %L PREREHAN () TERSHTA] (ms) FXTRCO)

JiE R i LRSS
2RE(M) 66251 1100.2 475.46 1.26809 6.6:0.05° 3.32+1.8°
C#(D) C66251 1100.2 475.495 1.56104 8.33+0.14° 0.99+0.11°
FERE(M) C111717 1198.3 652.994 1.33344 2.98+0.04° 1.840.16
BHEE(D) C111717 1198 652.611 1.70002 1.97+0.04° 0.29+0.03"

T C123728 890.8 285.035 1.28341 5.81+0.09° 1.940.22°
IE=ERE(M) C124130 1300.7 806.035 1.40415 0.860.04° 0.45+0.06
IE¥RE(D) C124130 1300.6 805.929 1.81798 0.13+0.01° 0.09+0.01°
IESREE(M) C110623 1006.8 363.893 1.18645 0.74+0.01° 1.57+0.22
EEE(D) C110623 1006.6 363.689 1.42431 1.06+0.08° 0.1140.01°

P S -2- R (M) C1576870 1148.4 557.779 1.10649 3.2+0.11° 3.52+1.04°
R -2-NMimE(D) C1576870 1148.6 558.15 1.3628 4.2240.13" 0.54+0.16
S22 2548870 1367.3 928.698 1.33297 0.35+0.02° 0.25+0.02°
(Z)-4-BEImms C6728310 1256.8 736.193 1.15159 0.83+0.02° 0.19+0°
R -2,4- B ZIRTE 5910850 1020.9 378.812 1.19337 0.24+0.04° 0.280.08°
(B)-2-Bftie 18829555 916.3 300.259 1.2479 8.15+0.02° 9.52+1.6*
2-CATE (M) 505577 1232.6 700.619 1.1781 1.510.01° 0.46+0.05°
2-CAERE(D) C505577 1233.3 701.542 1.52207 0.64+0.03" 0.2+0.03°
SIS 590863 857.5 266.269 1.19208 0.53+0.01° 0.23+0.02°
2-FRLTRE C96173 928.8 308.055 1.40299 3.63+0.14° 5.02+0.56"
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eSSl FERTEYIIR CAS TR e% PRERIHAN () TERSHHA] (ms) FXTRC0)

JIt JPE TR S

2-Z (M) C104767 1534.9 1326.394 1.41556 4.5+0.24° 2.91+0.49°

2-2. (D) C104767 1533.9 1323.643 1.80492 0.5+0.08° 0.42+0.06°

TEREE(M) C71410 1263.9 747.006 1.25581 1.39+0.01° 0.65+0.07°

EJEE(D) C71410 1263.7 746.648 1.513 0.4+0.01° 0.28+0.07

SEAE(M) C123513 1220.5 683.452 1.24329 0.3+0.03° 3.14+0.42°

_— FERE(D) C123513 1220.5 683.452 1.49294 0.03+0° 0.45+0.15"

ST HE(M) C78831 1107.5 487.135 1.17397 0.57+0.09° 3.3542.02°

5 TH(D) 78831 1107.6 487.258 1.36317 0.12+0.03" 0.41£0.26°

GG -2- P32 - 1- it C1576950 1347.9 891.122 1.44569 0.45+0.04° 0.28+0.04°
MRi-3- T - 1P 10340235 1174.6 608.266 1.38565 2.27+0.05° 120.34°

1- ]8435 616251 1114.7 498.811 1.34908 1.87+0.08° 0.33+0.06°

T 78922 1037.7 397.386 1.3235 0.09+0.01° 1.24+0.45°

1-J3J5-3-F (M) 1629589 1041.7 401.982 1.07997 0.17+0.03° 0.36+0.03"

1-1345-3-Hi (D) C1629589 1041.9 402.13 1.31051 0.18+0.02° 0.37+0.12°

23 C111137 1296.3 798.5 133079 1.57+0.16 1.76£0.36

2-C 591786 1063.6 427.859 1.20287 1.010.07° 0.21£0.06°

ik 2-J% C107879 1001.7 358.668 1.37046 8.5+0.17° 13.44+0.93"

2-THH (78933 916.9 300.674 1.06018 0.62+0.06" 3.23+0.08°

3-FRHE-2- TR C513860 1295.9 797.823 1.06406 2.31+0.12° 6.87+1.12°

3- C106683 12325 700.435 130293 0.77£0.03* 0.35+0.10°

oot 600146 1037.9 397.637 1.22787 0.22+0.01° 1.84+0.28"

R B P C110930 996.8 353.977 1.17324 0.58+0.05° 1.2540.18"

LR ZTE(M) C141786 896.1 288.132 1.09423 0.12+0.01° 1.54+0.14*

LR ZFE(D) C141786 897.4 288.859 1.336 0.21+0.08" 1.67+0.52°

THRCFE 2639636 1403.6 1003.287 1.48078 0.93+0.06° 0.72+0.14°

fikk ZIRC R C142927 1037.7 397.386 1.39076 0.02+0.00° 0.5740.19°

RN C140114 1142.7 547.303 1.32213 0.04+0.01° 0.54+0.19°

R 2 Fg 93890 1165.9 590.979 1.26652 0.68+0.02° 0.16+0.03°

S TR 97621 915.6 299.856 1.201 0.94+0.05° 3.99+2.06°

4-FPFER R 99876 1295.7 797.467 1.16347 0.810.04° 1.55+0.67"

2-PESL i Rg C3777717 1198.6 653.296 1.40514 1.72+0.07* 0.98+0.28"

HAlr BRI C127913 1174.4 607.858 1.21952 7.79+0.17° 5.79+0.92°
DU gt C123751 1037.7 397.386 1.27306 0.1£0.01° 1.11+0.3

alpha-JE M 80568 997.7 354.644 1.21762 0.71£0.11° 2.49+0.27°

unknown-1 - - - - 1.94+0.26* 0.7440.19°

e unknown-2 - - - - 2.7+0.04° 1.25£0.17°

unknown-3 - - - - 0.48+0.02° 1.78+0.05°

unknown-4 - - - - 0.61£0.04° 0.26+0.11°

TE: (M)FR A, (D)F7R Z2RIK, “="FoRARMH; T AR/ NG FRE3oR BA W k225 (P<0.05) o

FRAEPN, 2y i AR AR AU fi BRI TR 4
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THA . 4-F PN IEF2ERY ROAV EA BTN, b (E)-
2- P S BT EA IR . RIS IR B A im
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Table 5 ROAYV threshold results for key flavor compounds in mackerel before and after deodorization

U, P ROAV

L1 USipa U B (ug/kg) R Py
(Z)-4-PEifis HHE IR 0.000025 100.00 42.61
BEEE (M) MG . IR SR 0.0028 3.20 3.54
PERE(D) MG . IR ISR 0.0028 2.12 0.57
CE(M) N S 0.005 3.97 3.66
cE(D) N S 0.005 5.01 1.09
THE R R 0.002 8.74 525
S A 2ER R 0.0011 1.45 1.14
2-FIBE T SREL A RERE Sk 0.001 10.90 27.71
TE=EE (M) i, HE IR 0.000587 4.40 424
(E)-2-Belis AT IR AR 0.04 0.61 131

ST W AR 0.00022 12.86 100.00
LR TE(M) AR A 0.005 0.07 1.70
LR ME(D) AR A 0.005 0.13 1.84
SILEE(M) SRR | 4 T R AT SR AR 0.004 0.22 434
3-5483E-2- TR i, AR RE 0.014 0.50 2.71
4-FRHERR - 0.00501 0.49 1.71

TE: B EAE EEORIET (G P B IL 4 ); (U ROAV> 1AL G4 .
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Fig.7 OPLS-DA score plot (A) and permutation test (B) of vo-
latile compounds in mackerel before and after deodorization
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