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(1. RV ARATEBIR A A B R FH B S S0 =8, WiVl S 58 FR B S =, N T A ™ i i B3R T+ 5 0m 1
FARTE S, WL IR KR, WM 313001; 2. HooH AT R4 AR s, Bl 310020;
3. bR MOKEBL A L, BBE 334000)

 E: AR RO SR AE BRI RSP B TR S AR KR B . FSE A E SRR
Aot . SAHEGRE- TR . SAH -5 7L 537 (gas chromatography-ion mobility spectrometry,
GC-IMS)X & I 1Ak A R J R 171 BB LA PP B SEAS B FR 2 03 . B |« IR DR e 4% R e AU JB A 5 7
ZR  MBTXIRA, GGG RO BETLA P RK s . SO BRI B & R B Rk, KA
REFLA hILYOE Y 16 FEIERR L 19 FUIRIIRR, B A0S R 1 SR ESIL o 1 ZUE R B SR MM A TR, AR
J R (T e AL RE I 23 R . SR 11 SRS LD v (g 2 1 XU B v AR (11 iy L A7 i ARS8 il
Bk E, A RERZRQ ), EIRg b E RO RGP R IE R . IECHE . IR, IEERE. BT R
2P . BC-2-COMIERD 2- I S T, ST ME L 2-FBR TR S R 6-FE-5- Pk -2- T |
3-0CHR . 2-BRAR . 2-CUBR L 2-TRE . SONEE . SREE. 2-Z L CBEOR 3-SR BRI S AR, AN, B
I K TSRS ILPA R Y 2-FR L5 4B (2-methylisobornyl, 2-MIB) & it 23 i & PR (P<0.05)., i€ BTFRE Lt
R R LD A B 3R B SR AN R, R R M KGR S35, REA S8 B e XK, i/ £ P TP Y
+ Rk
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Effects of purification and temporary maintenance on the nutritional components
and volatile flavor compounds of Micropterus salmoides in pond

CUI Yan-Na', XU Lei', GUO Shui-Rong®’, LEI Ning®, LIN Feng', ZHOU Dong-Ren', WANG Jun',

SHEN Ya-Fang', HUANG Ai-Xia', HAO Gui-Jie'"

(1. Key Laboratory of Healthy Freshwater Aquaculture, Ministry of Agriculture and Rural Affairs, Zhejiang Institute of
Freshwater Fisheries, Huzhou Key Laboratory of Aquatic Product Quality Improvement and Processing Technology, Zhejiang
Institute of Freshwater Fisheries, Huzhou 313001, China; 2. Hangzhou Center for Agricultural Technology Extension,
Hangzhou 310020, China; 3. Shangrao Agriculture, Forestry and Water Science Research Center, Shangrao 334000, China)

ABSTRACT: Objective To study the effects of purification and temporary maintenance on the nutritional
components and volatile flavor compounds in the muscle of largemouth bass (Micropterus salmoides) cultured
in pond. Methods Automatic amino acid analyzer, gas chromatograph-mass spectrometry, and gas
chromatography-ion mobility spectrometry (GC-IMS) were used to determine the amino acids, fatty acids, and
volatile flavor compounds in the muscle of largemouth bass. Results Compared with the control group, the
content of water, total ash, fat and protein in muscle of largemouth bass after purification and temporary
maintenance had no significant change. A total of 16 amino acids and 19 fatty acids were identified in the muscle
of largemouth bass. The amino acid nutritional value and antioxidant capacity of fatty acids in muscle of
largemouth bass were decreased after temporary maintenance and purification, but their anti-cardiovascular
disease ability was enhanced. The volatile flavor substances in the muscle of largemouth bass were mainly
aldehydes (11), alcohols (7) and ketones (8) with a small amount of esters (2), and the content of pentanal,
hexanal, heptanal, octanal, n-nonanal, (£)-2-pentenal, (£)-2-hexenal and 2-pentanone in the muscle of largemouth
bass after temporary cultivation and purification were increased, while those of methylpropanal, 2-methylbutanal,
3-methylbutanal, benzaldehyde, 6-methyl-5- heptene-2-one, 3-pentanone, 2-heptanone, 2-butyl methyl ketone,
2-butanone, 2-propanol, 3-methylbutanol, 2-ethyl-1-hexanol and methyl 3-methylbutanoate were increased. In
addition, the 2-methylisobornyl (2-MIB) content in the muscle of largemouth bass was significantly reduced after
temporary incubation and purification (P<0.05). Conclusion Temporary cultivation and purification has little effect
on the nutrient composition of largemouth bass muscle, but has great effect on volatile flavor substances, which can
effectively improve the flavor of bass and reduce the earthy taste in fish.

KEY WORDS: Micropterus salmoides; purification and temporary maintenance; nutritional components; volatile

flavor compounds

0 51 B

K O B (Micropterus salmoides, M. salmoides)FRIN
M, PEMROK S, PSR, JCHLRIE] . B FREE
SRR . AR EET, RE N EENIRAKIRE N
— o FRER MBS BRGSO B R
P AT, R A S LA Ge it R AR O B b
Frat s TR K FR A 1 SRR, AR IR OK R A P
e EEAL, ARYE 2021 48 C EMOL ST ) ol B
7R, FHE 2020 4R TRETIR R 61 77 t, JEFRIHE)"
R RO IR K

HIEFRFEAIN, BFRA % R, AR R
FEERT R, TR AL TR S TR, KA

R B8 SE VR R A E KAt o) R BOK M - R &K (geosmin,
GSM)Fl —- H %k 53 #X i (2-methylisoborneol, 2-MIB)+% i
#Pl. GSM AT 2-MIB J&: -+ B ST 3= RSy, K 7= 9751
PR K A0 I3 AR AT — il RIS R R £ BRI Y
PE XK= S Z R, WY B RS E AR
FEVL R, AR N R T TS TR A m A B e
AR AL B SE — R AN BRI BRIz AN, kAN
B IR A B O FR A IR AR A AN RLRUBR (A 30 3
AT RN, A AR IR AT AR 0 R 68 62 1 35k, 1 i P A1
LA SV AR 2%, AT REX H bl ™= AR s i 1oL

Rl 25 7 2 8 X B W R T SR 1 $2 , T BRAE Sy —Fi
AERRR, 2B BREIA™ TH O N R Z — o J9db,
K i R K 7 R A B AL 4y, HLE AT
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SRR SR IR I PR A L PR 55 R 0 A R T KR
AN BB Z o DI, AT RIS SR A R A
SRR, R IR IR K O BRI B R
O B AR AL KR AT RE, DAPPAS A Ak B R T
ST LP b TR R IR, R R 1T R T SR Al R DI B o
FEARPIEA R

1 MR5ERZE

1.1 #R5RF

SUAREN . ERER . MRS . ZPREE . WCERER . A Ik
4 30~60°C) ., BRlRMH . GRFRER . BilR . MR . H A fbE .
ToK CBEGr B ali, [ 255 Bb 20 A B |l kAT
FERF IR EYSRAE R  WH SEEFRR R (I IR A 4
BHEARA ), GSM # 2-MIB RS R HER (100 pg/mL,
IR TGP B A A PR 7]); -+ - 1- 22 By b e ot
(ZhiJF 99%, E[E Sigma-Alorich A R]); HEE(GiGAl, £ H
Fisher Chemical 23 #]); ASHF5% B /K344 Milli-Q Gradient
EETFIK,
1.2 UE5EF

SECURA125-1CN/SQP  Ji 43 22 — 43 1 K F (&
Sartorius /A )); DGG-9140AD Yk, PVE IR T2 48 ( B 2%
ESI AV B AT FRA F]); SXL-1016 Ffs =y (b M 30 A%
PEAT PR F]); DK-S24 15 15 /K 78 5% (b 18 w2 B AN g ikl
& IR 7)); FS-SE-54-CB-1 %41 5 (15 mx0.53 mm,
1 um) ., FlavourSpec® XL T (P2 E G.A.S.Z22H]); GM200
LG HEHL(TEE Retsch 24 F]); S-433D L LR /443 (7 [
SYKAM 22 #l); 7890A/5975C JEHEFH{Y . HP-5ms 5k E
45 FE (30 mx0.25 mm, 0.25 pm)( 3 E 2 HEAE A H):
FY-SXT-06 % FCAMAR 25 (b MM JEBRA B2 7]); K9840 A shl
B2 AL G REALER A FRA F).
1.3 XLWHE
1.3.1 HmtyaIEFHix

A4 M A2 G TR FE L E A% 24 (0.563+0.082) kg IR
MR E R IR b, B RN EAS 6 m, 7 1.15m, /K
fL 1 m, FEFEE 100 B /m’ FTE A . B3R5 0 3 4
SR, A 7 do BTRHOR AR K A oK, B
FoK R 150~200 m’, SE— AR 3%~5% S LA
U it LA TR K oK, DLRBR MRk, 145
BT S5 58 R0 = R 4 S T AR Bk, 15 A AE
IEHFREEINRMEE S o EGMIESREA(CT 4)hx) I |
BIRGALALH 4) 52t dl, SRR TSI 51h 3 &
1, RTE(500£25) g, MK (3243) cm, 39 RAE K O Bl
TR HEA T AH S FE A .
132 ®AETFHRHMZ

4392 B GB 5009.3—2016¢ & 5t %4 [E AR E &

TR AR HIINE ) 55 —7% . GB 5009.4—2016 { £ %4 F K
PR BRI GE ) S—1% . GB 5009.6—2016 (&
aih A E KRR E B P OIR R E ) 5 R GB
5009.5—2016 (& Sh L2 EGEARME &5 A B AE )
S RIE RO RGTILA A . B BRI R
133 RIS EAFN

R R Ao WL PR ) a4 R A R R 3 R B Bh A BT
M5, Al 72 8 GB 5009.124—2016 (k%2 EEK
e BT E SR ME ) , I HBAERE R A
2 A T A4 2 (Food and Agriculture Organization/World
Health Organization, FAO/WHO)$2 H %) A A& 20 75 & FE R
Pt QAT b, SRR T 5 ikl LA JE BRI
43 (amino acid score, AAS) . tb2£PFE43(chemical score, CS) .,
W58 FETR 45 T (essential aamino acid index, EAAD)FFE
A R AR AR SR INE, AR IRA K (D~3)
&

_ REIAE S AP R LR & 2 (mg/g pro)
FAO/WHOM- S5 2 ] 28 4R 15 1 (mg/g pro)

Cs— FRIRE it o S AP 2 R 75 it (mg/g pro)
A EEEE T P R A R 5 1 (mg/g pro)
EAAI=f</LyS(t)><100me(t)><l ><M

Lys(s) Met(s) Val(s)

Kb, n FoR RSB ¢ FORTEINARE S M5

WA FEIR & it (mg/g pro); s RN MG AT

HEMR 7 i (mg/g pro).

1.3.4  JE By BR ST BT

RIS ARV FR 2 2 B GB 5009.168—2016

(R EREZRE 2P IR ANE ) 55 k1T

Mg, FHAKM@) . ST B3 kil #:1L 8 £ (atherogenic

index, A i # T i 46 $ (thrombogenic index, TI), FHLATE

AN ) SR B AR 11 R JL P i I 7R Xk A 20 L A8 05

A= BIRENR); AURI TG BB, A8 1) Bl 1o i 1048

AR (6)H A Z M5 (polyene index, PI), FIF A Al

FREAEET KT R A AR DT RR 1 AL R, PI 4|

B, AR TR A A bT AL RE

I:C12:0+4><C14:0+C16:0

)]
x 100 (2)

x100 (3)

4
Y MUFA +>Xn6+>n3 @
C14:0+C16:0+C18:0
TI= (5)
0.5x X MUFA +0.5x>Xn6+>Xn3+ X n3/>n6
p1=C205 +Caze )
Ciso

K, C12:0 483 12 AMRIEF IR A IR & &, HoAth )
B, EMUFA 3R B4 AR 1D 2 (monounsaturated  fatty
acid, MUFA) & & Z I, n6 13K n6 JENIR & 522 F; n3
-3 n3 BRI AR o i 22
1.3.5 AR MRk dh A

GSM F12-MIB: ERIFRIL 10 g BE SR AT 23K Ab )
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JH AR RS B B BB & HR 9 GSML T 2-MIB, 1000 r/min
1525 2T 30 min JFHUH, HTU i A SIS 6 3% {0 JERE
M, DB+ -1- 28 E AR, il GC-MS #47
A3 MY RE AN £ HP-5ms BB AN HE (30 mx0.25 mm,
0.25 pm); B/FFHE: HAIE 60°C, fREE 4 min, 5L
8.5°C/min J} % 200°C, {#4%F 15 min, LA 20°C/min F}% 250°C,
PREF 2 min; PERE R 250°C; #<: He, ¥ 1.0 mL/min;
TRMTIRE 250°C, HTHTIA] S min, AOFIERE . fEHLLIR
i 260°C; BFIRIRAF 230°C; MUMFTFIRAE 150°C; HLFRE
w70 eV, A 3k B 7 W (selected ion
monitoring, SIM); GSM & Fh 125, 112, 97; 2-MIB
HiE T8 135, 108, 95; J=-+E- - EME T
J9 136, 94, 121,

oAb R 5T SR FH A 053 - B F 3 A8 1% 1 (gas
chromatography-ion mobility spectrometry, GC-IMS)#F 174
W, FREL2 g FEESE A 20 mL T2, 100°CHEE 15 min
S5 HERE L K 4512 FS-SE-54-CB-1 {434 (15 mx0.53 mm,
1 um, 78E GA.S AR, FE:i 80°C, A /EASR N,, IMS
IR 45°C, 4yHrEt(R] 30 min; B M TS PERERIG: PERE(R
Bl 500 pL, WEFHHE: 15 min, SFEIRE 100°C, PHFEEHEE
105°C, SHAkEEH 500 t/min. SAHEFEFHERT: 2 mL/min f5F
2 min, X504 2 mL/min B ETE 18 min NTHZE 100 mL/min,
FELA 100 mL/min fEEEEAE 10 min FFZE 150 mL/min,

1.4 FIBEAIE

K Ji SPSS Statistics 23.0 VAT M, SEEBUE L)
SEEE bR AE R 22 R R, RIERE R EZ 0 MiET
Ducan FLEIEAT 82 PE 87 (P<0.05).

2 HER50

21 ROZRSAAFHELREFKT

A LR T SR JILIA) P G UL SR AL 20 G 2 3R DL
1o CT 4M JH RN RGN RIS . EKS . BRI
B R A T 5 2 5 (P>0.05), RWIEHE R IR

Ab B IR 10 PR L DAY+ AT R R RS LA
®1 KOBFNAFHEREFRILER

Table1 Comparison of essential nutritional components in
muscle of M. salmoides

15H7/(2/100 g) CT# TH 41
K4y 76.2£0.0045° 76.40.0074°
5/ 1.20£0.0177° 1.10£0.0321°
i} 4.90£0.0404°" 4.30£0.0148°
Sl 18.4+0.0254 18.7+0.0000°

F: =17 EARFE R RIR A B3 2 5 (P<0.05), HIF] iR
FHRFREF AL EP>0.05), T,

2.2 KOZE&H AR R EDR2E R & ITEN

A 2 A1, CT 400 JH 4L P & BT & ik &
SRR S B TC B2 R (P>0.05), HILEE 16 Fh
QILR, WFE 7 MOTHEIR . 2 el TEEIL R 7 B
FOATE R IERR . CT 411 TH 41K 1 B L 24 LA & R
ram, HUOR R, a2 aEiR. &
SR — PP IR P A IR, VR R 0 i 35 PR XU (1 B )
. I HARAREDIYERANARENEAZLERZ —, S
SHUARE A RMZ A AR, deR iR 2™, i BLre
HUR SR PRI B | Wil % T 45 i AT B A AL,
REABREN KRR EEMEIERZ —, | EZHEETH
(SN 2= 1 BT S R <2 A W1 ) AN S I = 1B 7 )
40.00%~60.00%, iX 5 RE& MR F EAEAE T KEOK Y
MY R HL R (5 15%E40)8 %, IAh, REARILE
S AT A I P AR RO 4R R T R e R,
e A R AT AA, f DAY D P 2o R BB 2 1 3 5 R
FRAE AL N ALY R, AR B AR
SR RO ARR RN, RS fE A
o RAOAS R RIMIG S BG4 SR T AR T K 1 SR S LAY
fief 5 Fry XU o

CT 2071 JH K M ERES LA A R FE R A 75 R TEM
RN 3, ZHITEMESLRRD AAS 453, CS iF4).

Ll

Fz2 KOZBHFHIAPHWEERSELE(g/100 g pro)
Table 2 Comparison of amino acid content in muscle of M. salmoides (g/100 g pro)

A B K IR P IR

AL cT 4l AL AR cT 4l Al
e 1.52+0.01° 1.52+0.01° B AR 2.54+0.01° 2.48+0.02°
EER 0.45+0.00° 0.42+0.02° KA R 1.66£0.01° 1.60+0.03*
SRR 1.30+0.01° 1.26+0.01° N R 0.94+0.01° 0.910.02°
SR 0.74+£0.01° 0.72+0.01° 225 0.66+0.03° 0.63+0.00°
TR 0.7420.01° 0.70+0.01° i R 0.54+0.05° 0.52+0.01°
WL 0.77+0.02° 0.76+0.03" HER 0.75+0.06° 0.73+0.02°
KINER 0.68+0.01° 0.66+0.01° i 2 R 0.48+0.00° 0.48+0.01°
EIE=Y v 0.38+0.02° 0.370.00° B R 15.1+£0.05° 14.6+0.06*
ke 0.9440.01° 0.88=0.00°
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Table 3 Comparison of amino acid scores in muscle of M. salmoides

AAS cs EAAI
V=3 A 7'1\4 g
BEMR FAO/WHO MEEH CT 4 JH 4 CT4 JH 4 CT 4 JH 41
LIEN 55 70 150 148 118 116
R+ M R 35 57 70 64 43 39
SRR 70 86 101 96 82 78
SRR 40 54 100 96 74 71 73.28 69.96
X 40 47 100 94 86 80
ETERN T 50 66 84 81 63 62
g SRR N 2R 60 93 105 102 68 66
EAAT P43 3R MM CT A& T JH 4. AAS. CS fil EAAI F 4L
WEOMEBHEIT 100 FonEFRMEM S . XU CT 4RH JE I R 7 R /(2/100 g)
. . G s s Fh >k
SLGLA PR M T JH AL, AR T BRI o e
TR AP IR E RN A T k. :
PUFA 2.114+0.001°  1.824+0.001
(=] £ S AN
2.3 AILEIBR AER LA A K RN 7 JH B2 (C18:2n6¢) 1.400£0.001°  1.330+0.001°
TE CT 410 JH 41K MR SR RILIA A 25058 19 B ig s -V FRAR(C18:3n3) 0.138£0.000°  0.126%0.000°
% # B fis :
TR, #1455 zgfﬂﬁaﬂhﬁﬁisamrated fatty acid, SFA). 6 #fr B ER(C20:2) 0.02840.000°  0.03140.000°
MUFA. 8 N F1E 5 BR (polyunsaturated fatty acid,
i ) (poly Dty o =k = JRER(C20:3n6) 0.0120.000°  0.010+0.000°
PUFA), 1£IL3K 4. CT AN SFA fil PUFA &&= 8%
o NN v . St ol J# TR (C20:4n6 .032+0.000°  0.0170.000"
BT TH L TR L B R R RE TR, Ko FEEPHBRAC20416) — 0.002:0.000" - 0.017+0.000
SR LR ST RE SEA, PEIRR P AR £ STHTREMAC2033) 001120000 0.008:0.000
PUFA®, CT 411 JH 41K 177 SR 45 FIL A 259 LA S AR & e f ZA TR ER(C20:513) 0.0630.000°  0.040:£0.000"
w, BEyORmEg, SRR EDS TR —ER. EAE T TSR (C22:6n3) 0.430+0.000°  0.262:0.000"
R, B At R HRTAR I R Hh 4 B AR R (C18:0) A Ao BB 4.901£0.008°  4.298+0.005"

TSRS R TR T SRR (C18:119t)

x4 RKOBGUAGEHRSE

Table 4 Comparison of fatty acid content in muscle of M. salmoides

JI 15 B2 &5 #/(2/100 g)
Jig iy BR Ao

CT 4 JH 41
SFA 1.153£0.005*  0.83440.002°
R (C14:0) 0.096+0.001°  0.088+0.000°
+ HERER(C15:0) 0.014+0.000°  0.011+0.000
KRR 2 (C16:0) 0.862+0.001°  0.726+0.001°
T-ERIR(C17:0) 0.012+£0.001*  0.009+0.001*

T #2(C18:0) 0.168+0.002° >

MUFA 1.634+0.002°  1.640+0.002°
TR IMER(C14:1n5) 0.006+0.000"  0.004+0.000"
PR — IR (C16:1n7) 0.2144£0.001°  0.202+0.000°

2 R IMER(C18:119t) K 0.122+0.001°

JHER(C18:1n9¢) 1.360+£0.001*  1.260+0.001°

AEE—HRER(C20:1) 0.050+0.000°  0.049+0.000°
T DUk — MR (C24:1n9) 0.005+0.000*  0.003+0.000°

T -FRR T,

HH% S W[, CT 41/ PI. AL FI TI 5 B E R T
JH @, PB4 3 b5 10 BB LA A 937 1 0 i o 4%
DI REA I o, (AP AL RE 1A BT RRAIK, X AT RE &
J SR AR PO S AR SFA, EBR T 5200 ik i
PR ICIX, (HIR S FER T £ 8 PUFA, 1ii PUFA
Je R -3 PUFA &ML AL RE ) i 322 0 R Y,

F£5 KOBYAH AT HIBERFERIT 5 ELi
Table 5 Comparison of fatty acid scores in muscle of M. salmoides
HIFEHL CTH JH 41
Al 0.335° 0.314°
TI 0.288" 0.260°
PI 0.572° 0.416°
24 EEMERIRYR

GC-MS ZER R, CT 411 JH 41 GSM 43451 K
(0.780+0.025) pg/kg. (0.870+0.038) pg/kg, TR EM2ZER
(P>0.05); CT £H 2-MIB 4(1.13£0.048) pg/kg, 1 JH 4H AN
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XA RS R IR R A R R B AR LA Y 2-MIB,
HETTU8 A Rk

FH &1 AT, CT 41T TH 41K H 2R G5LpA b 43 & 1
KR BT RSN S AP TE2E 50 GC-IMS AR F1 RS filL
PR IR ROE T 28 P A XK BT, PSS 11 Al
H 8 Fl . I 7 FORINRS 2 Fh, LK 6.

B2 4 At KUKk ) BT 04 3 B 43 43 AT (principal
component analysis, PCA)E, &4 35558 A8 b 5
IR 1T R B LA rh A R M XR Y B A E I R 22 5. T T

—_— =
—-0.19[V] 0.92[V]
[+]CT2

A5 BB (5] /s

1.00 1.25 1.50

K0:2.074 cm?/Vs

HE— 2 B P 2 e PR e R R T 1 22 e, X
MR SRS (B 3) i fT X b, & B b Ab BRS K 11 S g )L
PIHRIE R . O, IEBERE . IEERE . TR, S-2- i
R -2-C I B S 2 AN S BT, ST, 2-F3T
W SOCHE . RHEE . 6-FFE-S-BEA -2 . 3- IR . 2-BF
i, 2-CLWd . 2- T, SENEE. SUREEM 2-2 L O RESH
LW RS B B AR, AR Y 32 B o B s 26 40, iR A0 5 i
e FE, PR ESREE T LR T — S KU R 2L 1 J 3R
AHLW, AR T R L PR XU B4 i

[+]IH2

1.00 1.25 1.50
K0:2.075 cm?/Vs

AHXF LRI 7] /ms

F: PAR AR AT R I ] (s), BARARACTR B T EAS BT A (O — AL B, B ARAR1.0Ab AT LR N FUv; 5 F-U (reactive ion peak, RIP),
RIPUE B 95— R R — R R R R, BRI, AR, L EFRRIERE, PSR IRRE K,
P R [ A 11 2Rt L PR R 3 2 1 IR0 B ) GC-IMIS 4 &

Fig.1 Two-dimensional GC-IMS spectra of volatile flavor compounds in M. salmoides muscle from different groups

F6 AEHANKORGHATELERKRIFEMLER

Table 6 Volatile flavor compounds qualitative results in M. salmoides muscle from different groups

latt?] CAS# 43 AN 43 o TREATREL PRER I E] /s L FE T i) /ms
S

SR C590863 CsH;00 86.1 642.8 166.014 1.17442
5 590863 CsH,00 86.1 645.3 167.129 1.40632
2-F LT RE C96173 CsH,0 86.1 655.8 172.037 1.16097
2-F LT C96173 CsH;0 86.1 659.1 173.598 1.39803
EC 66251 CeH 1,0 100.2 792.7 274.784 1.25188
N 66251 CeH,,0 100.2 792.7 274.784 1.55959
7 C100527 C;HsO 106.1 957.9 504.184 1.15182
B C124130 CHy60 128.2 1010.8 607.611 1.40685
IE T/ C124196 CoH 50 142.2 1104.8 791.183 1.47362
L R-2-CU 6728263 CsH,60 98.1 851.3 339.229 1.18444
S R-2- eI C1576870 CsHO 84.1 749.8 235.127 1.10983
E C110623 CsH,00 86.1 693.8 191.813 1.18444
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Fig.2 PCA diagrams of volatile flavor compounds of M. salmoides muscle in different groups



%5 16 3]

BEMEDS, 55 BT IR AN I IR B R 101 JR B R RS R4 A e XU ) B ) 5

101

i, § AE + B
= U 0
- DO ¢
D U P Ows
SERBEES @%gﬁ*&G SSEMEtYEL
RN RERE MR -
Ell-—g KE|E QDR DK |
EE 4 BER = @
[t = St W e
S T S
4 "
i

K&
N g
®
w
b
B
O

TE: BRI B PR P I 45 S 0, AR AR ) — 43 P XU B EAS [ £ AL Al R 9 5 50, B SeBEAUR — TR

PEALE Y, SEPES MR QR T & e ey, ORE f QBB TR v 5 i B

h=n

=,

, LIHEAEAECTREM P S R

3 ORIRIZR H B ILPA P & e XU BT Gallery PlotfEl (5 4L I&13%)

Fig.3 Gallery plot of volatile flavor compounds in M. salmoides muscle from different groups (fingerprint)

3 %W i
3.1 EFRAUTKOBSFIREFRNENZI
KBRS RS R AT SS SR R, e 5eib
FH TR T B AAS. CS. EAAL M4 T3, R=Ue
Frig b Ia K SRR T SRR E TN (EME AT R BRI
BT SR R, R FRIE R P RSP H R R o I
FHREHRR, iR IMER S A 0 /100 g FHEIZE 0.122 /100 g,
WERRRRT ZAFET HAR S, JLTAEAE TR a AR, HAeshy)
R i B o B RRIR T 22 R AL T A0
X B A RS AT R B /N K IR 5 T 2 £k
ST TR BT S A S A R 5 Fa AR ARG R 1 SR A FTL PR 5 o
HISEMAAR AR . SR CL 2 A A — R A2 1 B
NG RRITR S I mR T A A FRE 14 1 35 LT AR AR A
FEEE R R IR B AT O R A 2 TR A
St AR A 2 e R B P e L ] s A1 23 A 2 1 -
JREREACE, B2 BERR R /K, (800 IS0 1 & 9
SRIEANCOSN, e INEE F Ak I T BT A s 1 A 67
MR, ARARRFR SR BIR, BIRE ARG iR T RS AL
AL THEEY B3 TG R, X T RE R R iR i
AR AVE A R, F52 1, RO AP & L 5
WIHLI B 2%, (e EEiE— T
3.2 BRI RO ESRLE A M XK BRI R0
J S5 ) 03 0 BB AIG, B TA O S i PRI A XU,
FATRGIAEREY IS AR . KRR 2Rk
T HLERIERFR At AR Co fbA i s, HARt—
Fh A FIE F AGFAETE R . O ENLEA B . RIS A
SEPRRD T DI | T S A T A T R R 3 7R Ak
W=, IEPEmE | IFERSE F HAT IR . sk | Rk
P K SRR AT R, Tl A M 0 kB 2
Jo X e PR JRUA: () BT RR T 28 /0N, 7K il v % Il 215 4 S 3
SEASLMRIEAR . PR . BRAL . UEY AL SR
B =, AR A PR 2R R vk SRRk, B

A B A R A TR0 WS R R (A, RN
AT KR B SN o AR B S R O BB LA 2
TP A AL i B 2 ) 5 & R (R T v, 22 R A B2 ) o
TR TR, BRI T E A BT s O R LA
PERMERRHAT — @ (b . EA T e, RH R
WLA - BB A E 22 5Tk AR 2 GSM Al 2-MIB 5 il g 45 31
BN, Eb S RO BT GSM & T E AR,
1M 2-MIB & it B0 E R A, X — 2P UE S FR b K
1 S g5 L PR RO 5 o A4 B2 LA (2 A
i

AT FT 45 R B IR A A B R T R LA R A
FEAE ISy . IR WAL, e R AL SR
WAL T BEWA, ABURIRE S ME SR E MR
TR . 7 F5 e A A B AT A5 3550 /0 £ PR HR A - SR, FLX
R R A AL PR R U A — s AR, (AR 3R
A ESF TRD R K SR i i — 2 Ak, B 3% B S ek 1 B f
LA b 5 AR bR R T 0 — 2L Ak . ASBIFSE AT Ry K 7 FR A K
AR N R AL AR b B R it — 2 BRI

SE B

4

=A

4

(1] B, AR M R AE AT, WA itll, 2020, (1): 78-79.

LIAO J, BAI JI. the future of the sea bass industry in California [J].
Oceans Fish, 2020, (1): 78-79.

MG, BRI, PR o EBROK SRR ARk R BB AL S R ok B
9] oAl REE 2R (A ABLERR), 2022, 41(3): 96-106.

GAO M, CHEN J, YAO Z. Green development of freshwater aquaculture
in China: Quality improvement and efficiency enhancement and future
path [J]. J Huazhong Agric Univ Sci, 2022, 41(3): 96-106.

ARSI, A, AET, AF. BRI LIRS AR AE AT SE (]
£ 2 A FRAGIN AR, 2021, 12(19): 7704-7709.

ZOU M, LV Q, GUI Y, et al. Study on the distribution characteristics of
soil odor substances in tilapia [J]. J Food Saf Qual, 2021, 12(19):



102

B ah % A BR K I

1 %14

(1]

[12]

[13]

[14]

7704-7709.
HOWGATE P. Tainting of farmed fish by geosmin and 2-methyl-iso-
borneol: A review of sensory aspects and of uptake/depuration [J].
Aquaculture, 2004, 234(1-4): 155-181.
ZIMBA PV, SCHRADER KK, HYLDIG G, et al. Evaluation of geosmin
and 2-methylisoborneol off-flavour in smoked rainbow trout fillets using
instrumental and sensory analyses [J]. Aquac Res, 2011, 43(1): 149-153.
PETERSEN MA, HYLDIG G, STROBEL BW, et al. Chemical and
sensory quantification of geosmin and 2-methylisoborneol in rainbow
trout (Oncorhynchus mykiss) from recirculated aquacultures in relation to
concentrations in basin water [J]. J Agric Food Chem, 2011, 59(23):
12561-12568.
JONES B, FULLER S, CARTON AG. Earthy-muddy tainting of cultured
barramundi linked to geosmin in tropical Northern Australia [J]. Aquac
Environ Interac, 2013, 3(2): 117-124.
YARNPAKDEE S, BENJAKUL S, PENJAMRAS P, et al. Chemical
compositions and muddy flavour/odour of protein hydrolysate from Nile
tilapia and broadhead catfish mince and protein isolate [J]. Food Chem,
2014, 142(1): 210-216.
LIU SY, LIAO T, MCCRUMMEN ST, et al. Exploration of volatile
compounds causing off-flavor in farm-raised channel catfish (Ictalurus
punctatus) fillet [J]. Aquac Int, 2016, 25: 413-422.

SRV, AT FRAE A £ PR T R B AN (D). . sk
2, 2019.
GUO SY. Artificial cultured sturgeon meat products development and
quality evaluation [D]. Chengdu: Chengdu Univercity, 2019.
s R B DY VRR AR E M RIS R R B S ) T & [D
LR, 2019.

). Kif: K

ZHANG HK. The freezing-thawing stability of sturgeon and its frozen prepared
product development [D]. Dalian: Dalian Polytechnic University, 2019.

TR, %, ESOK. AREIBE 5 R BURACR A EBTA].
TR, 2019, 44(10): 138-146.

SUY, JIANG QX, XIA WS. Comparison of effects of different deodorization
methods on deodorizing sturgeon fish (Acipenser sinensis) [J]. Food Sci
Technol, 2019, 44(10): 138—146.

EIE, §IEL, SR, S IR L R B LBRAF Y ERE (D], B
APFSE 2021, 27(2): 2.

WANG B, HU K, QI Q, et al. Research progress in the removal of fishy
substances from fish soil in vivo [J]. Mode Agric Res, 2021, 27(2): 2.
B, W EF, (TEES, 45, Gsm Al 2-Mib 7EBE )t AN 1 E SR SRR
BCRWITEI]. WAL RIE, 2016, 55(16): 4272-4275.

LIAO T, YANG YP, HE JJ, ef al. Study on the enrichment of Gsm and
2-Mib in zebrafish and effect of temporary culture [J]. Hubei Agric Sci,
2016, 55(16): 4272-4275.

G, PRI, L, . BRI R
R[], & T, 2016, 37(11): 139-143.

TR R P XU

ZHOU M, ZHOU LL, YUAN ML, et al. Research on the effects of short

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

term starvation to the grass carp meat quality and volatile flavor [J]. Food
Ind, 2016, 37(11): 139-143.

s, LG, FEFE, S AEEE RN R
1. TUIRIETER R, 2022, 42(1): 44-49.
ZHANG K, ZHOU ]J, FAN XP, et al. Effects of fasting acclimation on the

B AT 7K DR H B 7 Y

[

physiological response to water preservation of trachinotus ovatus [J]. J
Guangdong Ocean Univ, 2022, 42(1): 44-49.
FAO/WHO,

1989. Protein quality evaluation: report of the joint

FAO/WHO expert consultation [Z].

My, Sed, ki, 5. AERRIAYIEDRE A A =N T i
WS HEJE[I/OL]. H e & #h A4k 1-9. [2023-07-24]. https: //doi.org/

10.19556/1.0258-7033.20230321-01

CHEN L, CHAI J, MZHANG TH, et al. The research progress on the

biological function of glutamic acid and its application in pig production

[J/OL]. Chin J Anim Sci: 1-9. [2023-07-24]. https: //doi.org/10.19556/

j.0258-7033.20230321-01

HISADOMI S, HARUNO A, FUJIEDA T, et al. Effects of rumen-

protected glutamate supplementation during the periparturient period on

digestibility, inflammation, metabolic responses, and performance in dairy

cows [J]. J Dairy Sci, 2022, 105: 3129-3141

AR, EiEAE, BAERK, SF. KUK AERERIZ A M S B ME AR KA
FIR AL A SHLEI[J/OL]. o EFREERL2:: 1-14. [2023-07-24].

https://doi.org/10.19674/j.cnki.issn1000-6923.20230530.003

ZHAO N, DONG RH, HUANG TL, et al. Transformation and mechanism

of aspartic acid under metalimnetic oxygen minimum condition in water

source reservoirs [JJOL]. China Environ Sci: 1-14. [2023-07-24]. https:

//doi.org/10.19674/j.cnki.issn1000-6923.20230530.003

ARG, AT, GEAATT, SF. WG AR 2 4 S R A X

SRR T AR ]. ARl 24T, 2022, 41(2): 168-175.

ZOU JM, HE S, LIANG XF, et al. Regulatory effects of

intracerebroventricular injection and deprived feed of histidine or valine

on feeding of Chinese perch (Siniperca chuatsi) [J]. ] Huazhong Agric

Univ, 2022, 41(2): 168—175.

Wttt SK2LEE, F#%, %F. CeO/RGO/GCE HLIL EIG A I Mt

PR RIREIT]. Bk e s, 2023, 42(5): 624-630.

YU SY, ZHANG SY, WANG X, et al. Construction of CeO,/RGO/GCE

electrochemical sensor for the determination of histamine in fish [J]. Chin

J Anal Lab, 2023, 42(5): 624-630.

TR, SRSCH, RBESE, . AR TT 6T A G0 R R AR A L

AT, KAEEYIAAAR, 2023, 47(1): 156-167.

MA FJ, GUO WIJ, YING CP, et al. Changes of fatty acid components

and content of coilia nasus in the yangtze river during spawning

migration [J]. Acta Hydrobiol Sin, 2023, 47(1): 156-167.

LT, Amite. Omega-3 ZNRANRITTR A Bl B MR 154) A

FEFANAR I TS [T]. I RRN 2R, 2023, 20(2): 173-178.

YANG HX, LI LH. Effects of omega-3 Polyunsaturated fatty acid on

inflammation and apoptosis in young rats with hypoxic-ischemic brain



%5 16 3]

BEIEWE, 4% IR IR K

1 SR T I A% S A XU ) T ) 3 )

103

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

injury [J]. J Clin Neurosurg, 2023, 20(2): 173-178.

PATTI A, LECOCQ H, SERGHEI A, et al. The universal usefulness of
stearic acid as surface modifier: Applications to the polymer formulations
and composite processing [J]. J Ind Eng Chem, 2021, 96: 1-33.
NEGAHBAN Z, SHOJAOSADATI SA, HAMEDI S. A novel self-assembled
micelles based on stearic acid modified schizophyllan for efficient
delivery of paclitaxel [J]. Colloid Surface B, 2021, 199: 111524.

AR, WU, TRIE, SF. /NRANR AU E RSN KR B
HHSRAED]. R4, 2021, 26(4): 38-46.

XI XR, HU MM, ZHANG LL, et al. Correlation between oil content in
Xiaomi and sensory quality of millet porridge [J]. J China Agric Univ,
2021, 26(4): 38-46.

SHEN JF, ZHANG ZY. Safety of trans fatty acids and recent research
proress [J]. J Chin Oils Assoc, 2005, 20(4): 88-90.

COUNIL E, JULIEN P, LAMARCHE B, et al. Association between
trans-fatty acids in erythrocytes and pro-atherogenic lipid profiles among
Canadian Inuit of Nunavik: Possible influences of sex and age [J]. Brit J
Nutr, 2009, 102(5): 766-76.

LEMAITRE RN, KING IB, RAGHUNATHAN TE, et al. Cell membrane
trans-fatty acids and the risk of primary cardiac arrest [J]. Circulation,
2002, 105(6): 697-701.

AN SRR X S eIk - LA 4 5 K S RERY SR D). 19
B AR, 2013,

LI XP. Effects of trans fat on proliferation and function of human umbilical
vein smooth muscle cells [D]. Nanchang: Nanchang University, 2013.
BMTGE, KA, BARIRA, 4F. 6 S P IR R AL AUAIE & P XUk
P AR ], SRR I AR, 2022, 13(10): 3115-3122.

XU SJ, ZHANG Q, HU MM, et al. Comparison of fatty acid composition
and volatile flavor compounds in 6 kinds of fish soup [J]. J Food Saf Qual,
2022, 13(10): 3115-3122.

MU H, WEI Z, YI L, et al. Effects of low dietary fish meal on the volatile

[34]

[35]

[36]

compounds in muscle of large yellow croaker Larimichthys crocea [J].
Aquac Res, 2017, 48(9): 5179-5191.

MOTTRAM DS. Flavour formation in meat and meat products: A
review [J]. Food Chem, 1998, 62(4): 415-424.

QIN Z, PANG X, CHEN D, et al. Evaluation of Chinese tea by the
electronic nose and gas chromatography-mass spectrometry: Correlation
with sensory properties and classification according to grade level [J].
Food Res Int, 2013, 53(2): 864-874.

BR, VRRE, TR, 4. S0 LSRR AR TR KU B 23
PEM[I]. AR, 2019, 40(10): 236-242.

ZHAO F, XU P, ZENG 8Y, et al. Analysis and evaluation of volatile flavor
compounds in traditional sturgeon fermentation [J]. Food Sci, 2019,
40(10): 236-242.

(UiES3E: R T $hiRir)

{EZ /T

ERm, TRIM, TEMRAEAK
FhmRERE5MI.
E-mail: 384396455@qq.com

kR, ESRIEIM, TEZHRAS
18] R 7K F= 5558
E-mail:xsgsr@163.com

MRA, #L, fiRA, TEMRSE
ARERREREEMI.
E-mail: 391601350@qq.com



