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ABSTRACT: Objective To investigate the effect of curing and heat treatment on lipid oxidation in Micropterus
salmoides. Methods In this experiment, the freshly gutted Micropterus salmoides were used as raw material, and
cured with 0.3% Rosmarinus extract and 4% salt respectively. Then the samples were cooked by boiling, vacuum low
temperature sous vide (SV) and air frying, respectively, to study the changes of peroxide value, anisidine value,
thiobarbituric acid reaction product value (TBARS), color, sensory evaluation. The flavor was also analyzed by gas
The results showed that 0.3%

Rosmarinus extract wet curing had significant antioxidant effect on Micropterus salmoides. The values of peroxide

chromatography-mass spectrometry (GC-MS) and electronic nose. Results

value, TBARS and anisidine value of Micropterus salmoides curing with Rosmarinus extract treated SV were 0.21
mmol/kg, 2.24 pg/g and 0.24, respectively, which were lower than those of boiling and air frying methods. The
detection by GC-MS and electronic nose techniques yielded there were differences in the odor and volatile flavor
substances of Micropterus salmoides by 3 kinds of heating methods. The air-fried Micropterus salmoides had a higher
content of volatile flavor substances containing fatty oxidation products such as 3-methylbutyraldehyde, heptanal and

hexanal, and Micropterus salmoides treated with Rosmarinus extract wet cure plus SV had the lower content of

aldehydes and alcohols in volatile components. Conclusions

Overall, Rosmarinus extract is beneficial in

controlling fat oxidation during the cooking of Micropterus salmoides.

KEY WORDS: Micropterus salmoides; Rosmarinus extract; gas chromatography-mass spectrometry

0 51 &

K11 E i (Micropterus salmoides) & — 1 J& ) F
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I PTEALEERE, TR IR LA B S L rp i B h R
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Ao TR, TE AN T SR R A5 A SN R R
JIg BUAE AL IR A —E I TE X

ABIEFE IR FEA ] B IR 52U 3 326 A X R 11 S f
A B AT B B % 2 S I 77 #9) {H (thiobarbituric acid reaction
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1 MR5RE%

L1 #HE5EF

S Ty B ik B £ ) 30 A 48 s T L X R R
AT, HAREIEAR—2, HER A 800 g+50 g.

=4 Z P& (trichloroacetic acid, TCA), =& H % . i
{7 BR 4 (thiobarbituric acid, TBA). 2-FiftE HZER .
A HETER . o, g, kam. . mfbsr .
A imiE . WA M . N % (malondialdehyde, MDA) (4 #T
afi, EALEAMLEXNGRAF), REOGrs, -
22 SO AL BB BR S R ) 2K R A5 SR IO (3 1% 7 1R
=10%, &S EMBEARARAAE);, B
LEAFHRAF).
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1.2 UFE58&E

PEN; i F & (ffi [ AIRSENSE /A 7]); HSC-24A AR
(LA A TR FD); S-2021TS 25 MEM (LA
Fil A B v)); LGI-25C ¥ VR THRAL AL 5T U IR RHEAL
A R Al ); CR-400 68 22 31 (H A4 J& i 2 H));
7890A-5975C AR IE-FUEH LA . DB-WAX #ithF
AAEHFE(30 mx0.25 mm, 0.25 pm)(3E E L HERRHEA R
EMS30 1 i /K ¥ #5 (b8 iR & B A BR 2 WD)
DF-101S SR AR i in P il g B P (a0 22 iR AU AR 18
wHAH RN, A360 SN ETHOH TR R K R
A RRAF); FA1004 J5 532 — RV LI AL 2 R B
2AH).

1.3 EWHE
1.3.1 HouiaE

Bt fa 2k (FNE, FREE T EIAYR EEHIRIE 5 b,
B R KR, R BB IR R S,
IR

TR PS> A 3 41 2B — AR A KRR B R 25 3 %
MR(CK); 5 2 4% b B R 41(S); =42
4% +0.3% R IETT R IEFHR).

TAb PRI A5G INPAE 43R 4 4 55 1 A2 2S FIXF R
() %6 2 L RIEME A AWK FHZ 10 min 85 H Nk
43900 CK B4, S B R B 45 3 41EBHuie )i
£ N B T3 B 78 8 4% 80°C/K I 2 h A SV 414351 & CKSV
2], SSV 4. RSV #H; % 4 HEIEME G A A28 SHE
170°C4f 20 min, 10 min B— KA k25 S HELL4 58 CK HE
4. S e, R¥E4,
132 &Enz

2% GANASEN ZUSUra gt itk . K22 b
Rt fe A TR, € 2 A E RE SRR LT, a”L b,
L'FR5EHE, a', bR s, a BaRLL(HEk(-); b FRH
(D)o FeXH AR TR UE, A% I 75 35 47 264 70 2
BRARE SIS UK, BOP I H I T
1.3.3 AR K Rk i ¢ 7

FESRRTANIE: T 2 g BE SO 02 i #E S0°C R 1H i
15 min, [5%5# KL 30 min.

GC 4fF: DB-WAX 54 B & (30 mx0.25 mm,

0.25 pm), AEHEFRE, FHREF: AR 40°C, fiff
2 min, LA 4°C/min FH2 160°C 15 LA 10°C/min 73] 250°C
FLAEE 5 min, A NAR, HEH 1.0 mL/mine MS %4 #
TURIRE 280°C, HLTRER 70 eV, FEHMITER m/z 35~350,

EMEAT: 4 GC 43 EE, ARMHSSTERA R
I, FHl GC-MS {UHAT BT o 43 BT SR 1% 13 (NIST08)
TR .

134 ®FFnzERm oAk

S JE BRSO RS VR i B A0 R i, AR,
FREL 2 g 26 A PEN; ([F# X F R R KRB ERFR D, F
AN 2% R0 R K FEG 1, FR41RAE 38R 5L, K 40°Chn
30 min, {XERFAB 30 min, MESHOHIERE 120 s,
THUEETR] 100s, A 1 s BUFE—IR, BJEEH 116~120 s A
AT F 5343 T (principal component analysis, PCA),

1.3.5 TBARS/h &M &

2 RS I S PO IR RS A B B, IR BT B RE
5¢F 50mL .05, A 20 mL 10% TCA il 20 mL 7§
PRK, T 1 h, SRJSTE 8000 r/min . 4°C 45T 5.0 10 min,
B FWEW S mL FE4, i 5 mL 0.02 mol/L TBA FEl/K
W 20 min, BOE R sI/KAH S min, T 532 nm 3%
KA E e . 2 A B 5 mL K 5 mL TBA.
TBARS {H I E LA MDA MtrifEdh, 45 R Tt
MDA [ Z 5w HORFR, 188 mg MDA/kg.

1.3.6 TAAMAAE GG ME

28 GB 5009.227—2016¢ & i & & FE AR ME & dh
A RIE ), R — LA TIE .

1.3.7 @& egn 2

8 GB/T 24304—2009 HAEHHAR 15 A RGIE Do
1.3.8 BEIRE AN E

M 6 45 AHSESIe A B3 2 B E S /N XA i o
THRRE PR, W3k 1 Pos, DIgSErAuk, @k, Mg, i
4 ANRTTHR BRI TREMNY, O S A~ 4y Ri s . IR
M BB IAGE TS, @R SR, W FTHIEE AR A
FREBEAE N 0.3, 0.3, 0.2, 0.2, AL RBOEIE.

1.4 HIEAE
FeBrfe/ D EAL 3 WE, Bla R Excel 2016 #4748
1F, R Origin 2019 fE&, F:H DPS 7.5 $E47HHCHE 4T

®1 BREIFNER
Table 1 Sensory evaluation table
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(P<0.05). L AR b AT fig 5 iRk Fr OB (A 3o 28 R 7 \RSV,
RGP @ K R (i, 3 SR DN Rk A B UL
EARA, 2R akae, FHIGES T e, x
5 A FEPIRF 5 a5 R —8 ARBGEEE R, S HE G
AR b T (P<0.05) HAt b FIAE, 52 (R, X 7]
RS2 DRI Ay R XU P i i o 48 A R 8 i 1

22 AEFRAIER AT R b5 8 1 & 1% KUK B
gEA )

HI2% 3 A, Zead M 2 3 Fioinahoy =CAb it (1 fy'i fn
FEah— IR 34 MR SY) . BRYIS B Z,
Horp M RERYI A R IR | PEE, HORIE AT R
AL PR Z2 PN AR AR A AL 2% . R AR ),
JEHJE SV AL HEA CRE, UiHIREAFAREI MG 1T A
HRIRR I AL CRETE FAOVRIE T, ERAIRIE L5 5
W, e LS g T 2 A RO R R 2027 i)
Joit 5 DR i U R 11 2 P e LA B ey o 1 2 A A
W, KR EERINE . RE . HED. ERYEAS
H IR o SR 23 TR, X XU £ i K ) AR e LA AR 22 ok

2.1

HIWr, JEARIRAFIE E 2R BN A, LA, XK dh
UARAT — S I TTHR . 1065 -3- B2 I 3 PR U Ak i
REfi =, BAT HRRBREY, RSV 4IRM T 1-9600-3-B%, X
AT RESE R IR A M TS AR A A R MR Y it
FERANERUARI L g, A% 3-HUE T . BRI S5
WAL ). RSV A Fp #0PA) (5 A7 AT | i D o5 A1,
B RSV 2 fiy 6 X5 I 75 48 AT B S A 0 0R
F2 TEFAERMAS A G R

Table 2 Effects of different pretreatment and heating methods
on the colouration of Micropterus salmoides

AbEE T = L a’ b*
CK  51.79+0.28™ 0.03+0.034" ~2.60£0.05"°
4 S 53.30+0.13 1.04:0.02% 1.92+0.06°
R 58.96+1.39% —2.45+0.09%° 4.03+0.11°°
CK  81.88+0.07%% ~1.7840.01% 10.01+0.03¢*
H S 75.94+0.35"¢ ~3.12+0.10%¢ 9.91+0.06%
79.50+£0.40"° ~2.50+0.10"° 8.89+0.05
CK 73.7640.13" 0.03+0.02*° 12.99+0.09%°
SV S 75.77+£0.97* 1.59+1.695¢ 14.8+1.89%
R 78.62+0.21% ~1.98+0.03"° 9.84+0.135¢
CK  69.81+1.63“* ~1.9940.16 14.73+0.78%¢
Y S 70.06+0.31% ~3.1940.02° 9.75+0.07%°
R 68.07+0.48" —4.67+0.01%¢ 13.81+0.15%

VAN S R R — SR ORI UL B2 [ £ 0
5(P<0.05), ANk 75 £ 475 T — Bl AR B )y XA ) 2 s
Z I .3 % 5:(P<0.05), Tl

&3 ANEINHAT RIRIEE EHI5 S 17 & 1 R REI S

Table 3 Effects of different heating methods on volatile flavor compounds of Micropterus salmoides marinated with rosemary

N U T (< 10°)
5 P @iﬁw K R

SV 1 = 4 Y I8 F 4 SV I8 =
PN 10.25 103.51 ~ 197.75 159.78 - 36.51 981 - 171.52  174.69 191.93

-HETEE 232 8.17 2124 2.82 - 10.34  12.59 - 177.47 424.03 -
T 2.94 316.59 38722  442.68 - 51.73 - - 124.87  33.04 546.06
% 5.74 2044.35 3.40 2777 19.99 451.44 283.36 - 1640.17 171936  26.52
B 8.67 6232 5744 5236 - 14.62 - - 52.05 4481 7697
A IESERE 1198 13.33  20.28 16.65 - 4.23 - - 12.89 8.87 2025
Tl 15.14 836  10.22 8.54 - - - 9.52 996  9.68
AR 1025 3.74 7.51 5.66 - 4.53 - - 6.92 6.63 7.5
T 3.15 - - 2657  44.47 - - - 4281 3291 7234
2-HL G 2.94 - - 15.49 - - - - 27.06
/N 2560.37 731.63 75791 2.82 19.99 5734 305.76 - 223822 24543 9513
1- TP 2.836 11.14 5.36 9.12 - - 450 16.48
1-305-3-B% 5.49 181.30 210.28 24891 - 51.83 3527  9.41 26037 24596 252.58
1-E45-3-F% 19.87 36.48 4638 5372 - 8.58  7.87 - 4486 4028 3449
e 2-ZHLCEE 13.073 5891 13.13 1170 9.68 12.45 819  13.51 12.08 21.94 586  11.59 10.10

PR 21.001 - - 12.41 12.80 - 432 - 17.27 - -
IEFEEE 21077 - - 3.22 2.81 - - - 4.71 - 3.33
N2 58.19 242.05 283.09 33328 1245 1731 7392 5954 3135  333.07 30233 316.98




2114 R34, 45 AR A A 2R LR 1 B S T A A KUK 19 52 i) 47
= 3(E)
WA T A< 10°)
ey FE I K R s
/min
4 sV £ # 4 Y 1 = H Y £ F= o
R 9726 - 19.63 - - - 19.45 - - - - - -
3-CUf 7133 - 3434 - 33.46 - - 14.73 - - 2740  57.80  70.02
GBS 3'¥é2§'2' 5279 526 693 12.74 - 3030 810  14.06 - - - - 6.81
TR
2,326l 29556 - 17.53 - 21.21 - - 6.04  5.86 - 14.50 - 17.75
N2 526 7843 1274  54.67 3030 2755 3483 586 - 4190 578  94.58
e 13.895 17.38  4.46 - 1005 2940 733 1542 21.09 2612 1359 11.19 -
SR 1.988 801.64 - - 464.92 - - - - 766.56 - - -
2,2- A
x| ok 3.99 - - - - 53246 - 562.43 608.15 - - - -
-G 3348 648 5.00 - 8.72 - 5.40 639 11.17 =~ 2.80 3.85 - 4.13
FETE M 14.45  37.90 - - - - - 1438 8.40 - 3.27 - -
N2 863.4  9.46 - 483.69 561.86 1273 598.62 648.81 79548 2071 11.19  4.13
CEEHEE  3.039 4071 5171 3222 3624  29.69 60.81 4236 6594 27.57 4544  30.57  29.89
MERPIR 5258 - 17.28 - - - - - - - - 9.25  17.49
o PR KE 7186 - - - - = 6.92 y - - - - -
BE=TR 10.044 - - - - - - - - - - - 12.67
5 THR
N2 4071 6899 3222 3624  29.69  67.73 4236 6594 2757 4544 3982  60.05
26=RT 26.052 2506 21.67 1131 - 2511 1853 2526 22.82 2782 1651 1604 11.69  6.20
Xt H
ik A 21.155 5.53 - - £ - - - - - - B, ,
N2 3059 2167 1131 2511 1853 2526 2282 27.82 1651 1604 1169  6.20
78 19.1 - b . - - - 6.01 - 5.94 - 0.70 -
2-Z LRI 20491 - - 5.22 2.26 7.21 - - - - - 12.68 - -
HAL  2-F
i 133 4 ¢ - 17.92 - - - - - 17.26 - -
/N 4 5.22 226 2513 - - 6.01 - 594 2994  0.70 -
T BN ARG
23 REBSLIE BT RIS S KA 23 Rk
T B ALEE 10 NGRS, BB RSN # a0l o
TR AR I O R, AT 78 0B i ) SR AT B U Hﬁg;z; CKA
RO BN AR SRR Zaef KK
F T Bk 5 (95.67%), &5 . F LAY B4 5T ik 2 (3.63%), %%:R%~WS f?
BB 0930%), BT A RREMANRSOHE 7 5] rey O}
BRI S BB N 70y, S AU AL Z AT & 160 (1) R CK
e, 3 B B 2 AOHE 0 iy KUK, CK KE L S H 2 3 4 5 6 7 8 9 10 1
CK K4 201 2 45 T8 7, CK 4 41 A 5 66701 S 041 5 B BT 95 676
UL FL 5 R AR Bt (776 2% 5, R AALAY B0 5 B 1 AFBUE R AT A E R
Fig.l1 Effects of different pretreatment and heating methods on the

RSV 41 4b B ) &5 £ KUK AR

odor of Micropterus salmoides
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TBARS )72 FHFPFA f R 2 & i 07 AU AR IS
BE, IR S S AR A R AR D), it
TR (R0 6 W7 Ak 7 0 VT e R e A= LR 9™ W, 4o R i e
W, W, W, RAE. M 2 AT, 3 R iALE O 2CAY Bt fa 2
UL PRJT TBARS 25 #5472 5(P<0.05), A]HE i THusb 3
HIE IR At I L. R 4110 TBARS KT [Al Flibk
A FRE HAR R TAL FEZE, RSV 4065 t4 TBARS 9 2.24 pg/g,
HAEMRFARZ A S, A S EAAERENEES
(P<0.05). AT UL RSV rub# e A bb HAth T4k B K S Ah B AY
A A T s D SR R AR v R R DT R A Ak, XS
ZHOU 2504975 5

10 &%
Aa sy
Ba [
0 | 8
I Ab
% 6L Ca
S Bb
wn
%4 Cb
E Be Ac
Cc
2F Da
Db Db
0
CK S R
AR FiA 3 =X

e ARING TR R R R — 52 0y SO R A HL2 [ A7 7 i 35 22
F(P<0.05), R KEFRER IR R — R Bk BT 20 [ 2208 05 =X
Z[AAFAE 3 25 5+(P<0.05), FAl.

K2 A SRRy 2 i 6 TBARS (15210

Fig.2 Effects of different pretreatment and heating methods on
TBARS of Micropterus salmoides

2.5 AEITFRACIER AT 856 i3 S ER R0
AR E R R R BRI G B — MR 4R 41
AR 1 s e sl SR ARG T2 P R K TR i i il 5]
3T, RACERAE H, SV AbBRY ff 2L S AL fH 4 0.21 mmol/kg,
T 7K A2 SR AL 3 1 3 AR 43 514 0.35.,0.58 mmol/kg,
SV Ak B fiyi £ 120 S AR 0 2R T (P<0.05)7K & S 28 SR,
AR TS AR AR R 170°C, i in s 1 g
ik, FEHEMETHE, X5 DOMINGUEZ 4%
WHRE5E—3; SV Fads 74U, it St B g,
AACIEAA AL . Al I, RSV PRk BEA F1 4 i fo £
VAR PR T 1 AU
2.6 AEITRACIE R AN 3G b5 & B R E R R0
i 7 PR BSOS A = S S R A ARE T,

HIPE 4 AT, R ZH f o F g 7 O (AP T LA Pl Ak P4 o R 24
ity 2N R INEAKE BRI, SV Ak BREH (1 i i A Hc (- 0.24,
HHE B Z AR T RE M A A, HAS5RZ PR B A
PG B 22 5 (P>0.05) 0 S IELL USRI T 3R W 2k 1% 42
B RRAR T T A M ARG B4R AL A . 2525158 W], RSV
A TS T HE 2 AR i SR A B RO OR

1.6 - 4

A
14 | = i
.
“I Ba
T Ab g,
: Bb
Cb Ac
B C
Cc
' %. De Db
CK S

R

T AE/(mmol/kg)
(=) (=] [=] — —_—
N (=) oo (=) [\8)

(=]
)
T

(=)

AR A AL BT 3K

P& 30 AT s 3R Oy v i £ 5 S (/100 @) B2 )
Fig.3  Effects of different pretreatment and heating methods on
peroxide value (g/100 g) of Micropterus salmoides

2.0 - 4
Csv
Aa =
.
15F Ba
o Ab
D Cb
#\g Ca A
. Be
05F| |Db Db
Cc Cc
0
CK S R
UNGiliohibsiyiEs.

P4 ANIRIFUAL B im0 B 1] 7 g P 2
Fig.4 Effects of different pretreatment and heating methods on the
aniside value of Micropterus salmoides

2.7 AEFRAIER AT R3S b & R E T E R R

SR I S A A R T T R LAY B B, LR
ST R . B U . BB B 4 T, s
AHEE TR RS R TR S, HEE AT AR 25
KRB R, B D) il IR R A SE TP SN, FA A B
G OATFERIR, SV AR By 85 B S AR B
JE R 2 LK AR s K AR A, T DL P S
POl P AT AR . 2 b T a2 SOHE B £ R T e
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*4 TETAERMBRS RS RETLEHNET
Table 4 Effects of different pretreatment and heating methods on sensory evaluation of Micropterus salmoides

Ay = s (ERES g5y Jpiy:i! By
CK 7.66+0.01%° 7.17+0.12% 6.66+0.01¢* 8.14+0.10“* 7.4140.015°
E= S 7.33+0.02¢¢ 7.37+0.265® 7.32+0.015 8.21+0.15% 7.53+0.025°
R 8.62+0.06™* 5.33+0.29%° 7.434+0.54%° 7.63£0.05° 7.10+£0.08°
CK 5.63+0.06<° 7.30+0.225° 8.1440.134 8.64+0.025 7.2240.02¢¢
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