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110 °C . 46.4min (A #1), 115°C. 14.7min (B #41)#1 121 °C. 3.7min (C 4) 3 ft X H & 3t & R B
L IERARBE AR, FRETF, REFERDHKAN T, HRkMARNKEITFL TN
AR, FRFNEE, HH B eEaEREEHEEMRKP<0.05), FHEEN®R&EREFA
B(P<0.05), FTEIAWHARERARGEAEZR, CARRNERMAEERS., BRAKEE LA
WA e B 3% (P<0.05), T HME(POV)EEH R EA T . R ELZR R NE(TBARS) & E L
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BE-HFTAEN A ARS P LN 22 FELENEY, SHARNELUIFTEERALEZR, &
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o, fERFREE AR R A, s m T
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TF RSN . B A A (G ) R I 2 AR i
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PEVIITT, 2 ST AR AT, X7 i 4 AU & J5T
AWERW , BHAT, TR EFA K i
J R KA RS A X B, Z TR R & A
an AN Xie %5(2022) & P, ER A (121 °C . 20 min)
AR T KRS T R R B, IR AR T H
T TR RSNV 748 PR S5 AN TR R i D7 PR ) 4Rk A i, i — 20 E
BCRE | R AR R A S M AR TR . T Zhou 4§
(2022) & B, TG, £ E RS g i fe A
BURHE AR o i & SRR AIG, AnoE e L 2-PEfi . 2-H
FE-3-PEf | 1B, SEATEERGES . PR
FHPREEAR . A b mT UL, B B AR A X 77 it JXUBK A T i
) E LR

FEF I, AWEST LU S S S AR &, X
AN TR 3% TR 25 % 1 A B £ BRAL 8 b R A R 1 I
s, DUHTE SE A BT 40 By [l 980 A B AR X
WE A e AR | BRSO IR TR, S S T
TSR i A v i i B A SRR 2 2[Rl R AR
R K it XU TR B il P

1 HR57E
11 #E 5

P R 4 T 20224F 12 A T ILAS 5
T L X PO EE T, PR iR S (41.245.0) cm,
A B A (2.42+0.26) kg H A7 5¢ 5 i) £ T 5286

iR . =@ WEs. 1,1,34-UZ A M. B,
FAIR . CKBREREN . LR . 95%Z.FE . TritonX 100
TR R AT e, W 2 R (TR ) A R
Fl 5 S IH E B (TC) A H 3l =R (TG)i M &l T A=
LR A A B o

12 HBH5EE

MLS-3780 % 5 FEZE R TR (SANY O 24, HAR);
LX-260 &5 20 2 fL2E LT R AT A sk i s A BRA
Fl); HH-4 BUEC fE R K S 4 (E e A A TR A A,
Je[E); TA-XT plus B it {X (Stable Micro System 2%
]); PEN-3 BIH, T-& (Air sense 23 H), 4 [E); N-1001
Rkt 25 A0 EYELA (R BAL sk 2kt, H
%) ; FlavourSpec® 1< Ml (73 - B T iE B 1% 1L (GA.S
NHEl, fEE),

1.3 EIF*

1.31 HZH & L s it LRk R AN
JE S 8 K sk 2 B K, W T K R B S A M A R
8.0 cmx5.0 cmx2.0 cm K/hpyfadl, 3 AL54 GBIT

41168-2021 Fr#ER) PET/AL/PA/CPP & & k78 448
W, HEAER,

WA TECHLA pH a3 T HK 4> 5 5>70%, &
TARIRYE A o X TARER M 28RS i 5, DLRFRIR
ZEHAT R R BRXT S, PRREAT TR 2896 i T A PR 3
(Dipr1c =021 min), —fHL F=12D1p11<=2.52 min,
FDA 47 F{E>h 3 min, {H 4% B30 5440 1 B KiE 2
PRELERE . AR EE LRGN, LIE 20%
24 280, BIXTIIEY F (R 3.6 min, XFR A E S
43512 110 °C | 46.4 min (A #), 115°C . 14.7 min (B 41)
1121 °C. 3.7min(C4), HRHBI% 20 MEES .

132 BLAEEHI B GB 4789.26-2013( £k
ZAREZE BRI R R )i
TR S5

133 REFH OMEREBCE TR A 10 43,
AR AL AR L I AR R A 5 e D T
FLA WRAIE R s 50k L FR ek | BBk . R
R o JBE I /N 8 &4 Zead BB W PERR VI 44
s, PEATPRAEDLFR 1.

1.34 ERIRIEG i 4 s 2 Wi Vasta %
(2012)/ )5 i, WEAEAE . K 10.0 g W £ A5 100 mL
A 50 mL HER A, HEFE5T 2h, A 20%({k
B EE K, WETZAVM, B W45 IE &
BER, B T-50 CukA A,

TEFHBH I L e Wl 5 i, AKX 0.1 g SR
5 20 mL fSfR-E AR (4« 1, VIV)IR S WIR AT 181
fe2Z I, BIEAZ S HATMBRERE
50 mL,

W s Bs ] SN EE-TritonX 100 (9 ¢ 1, VIM)IE 4
P 2 B 0.3~11.29 mmol/L 5 I A, i B & i
Y = 000 2 e o S == R L [ ) A

Z MR T 35T 55 (2022) () 1k o H e is = 50
WiRERZES0mL, 1 mL HERASRX TS 3mL 1E
Bkl A, Ry 60s. MIA 1 mL #i7] (5% i 4
VUK, WERE pH (% 6.1), ¥R¥% 120s, #E 10 min
JEEF 2 A HIAET 715 nm &bk 5 OD &, [FIHT
PLIMRAE X IR Ar v dh 2k, THE R ISR & &
1.35 f5 R A&Am E R (AV) I 2 2 18 GB
5009.229-2016 { £ i 4= E 5 AR UE & 5 A (i
FE ) HIN S s N E R 5 A AR (POV) I
EZ M GB5009.227-2016 ( & % e KARME £
Hh et RPN ) P E R 5 AR L H R
NAE(TBARS) £ 2 I GB 5009.181-2016 { & i % 4=
FEIZARUE B PTG  E YHR A BRI A
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Tab.1 S niphonius sensory evaluation criteria
PP hRIE o g AR R
Evaluation standard Colour (20%) Texture (20%) Odour (30%) Taste (30%)
8~10 QP AMTIERR B RHEYEL, A RS AW, BRI R, SRE,
@, TWTENZ Ag R EE A JERBR | RN BH
6~8 GRS BAWAESZ A AR TSR R, WEERIERAR, AR SRR E ., A
EE W g 1 S e Wk, AR
4~6 AUEVERBE, #WEEIZH AT BV RSN WERWREGR, BEREE  RSER, AR
BN FARK, EIEHE R A Uk, JRIRECE
2~4 ARZHBE, Wz e, JLPRM BRAE R, BIRRE LWk, EkE
B SR M
0~2 WSz AR U BRI R mNAREATT RN A5 ANTEEZ W
g, ML AEZ AR HAUS
136 ®wFFaE  FE20gMAET20mL T RASELR . 3ARERTERFREEAML T, WARKAA

SRR . SR ERE 10 minj5, R PEN-3 LT
B PR HEATRIN M E SE: YRR 120 s,
SR 400 mL/min, SRR 120 s, T H
F S N B A A T AR A

1.3.7 BR MY FAE R B8 25 (2021) 149 J7
B, WA BN, FREC2.0 g AR T 20 mL TS ke
b, 7E 60 ‘C -4 20 min J5 , R GC-IMS (LA,
1% -8 71T i, gas chromatography-ion mobility
spectrometry )47 A s T0 25 #ERE A TR . GC 451
FS-SE-54-CB £4145 (15 m, 42 0.53 mm); FEik
40 'C; izf7 20 min; #SN N, 4l =99.999%,
W 18R 2 mL/min; 3 1Z 5 mL/min, {#4F 2 min;
W E 15 mL/min, Z4EFE 8 min, @B E
50 mL/min, #E¥F5 min, R E 100 mL/min, 4
5 min, IMS /. IMSIRFE 45°C, #/S Ny, 4l
JF =99.999%, Xtk NIST SRR B 48 5ok g
H1IMS TERS B (] B0 22 6 4 o ik A 7 e M b . SR A
LAV #{E Y Gallery Plot T REZ: il & & v A 4% & v
AR BUE T

1.3.8 # B4 K Hl SPSS 22.0 %4 Duncan
P EGE ST B S0, BT e bR T AT I E 3k, 455
DA {E AR E 2 (MeantSD) 7R . P<0.05 53 3 .

HZRESH

21 BULTEREER

W 22 AN TR 25 T 45 1 A TS A5 3] 00 4% 2ELRE L TE
(36+1) ClHIREEFRA M IEAT 10 d MPRIRSIE, gk

2

Ae . AR OLR A A RN R LGS, pH TG i3
AL FEAERSESS . GIFIER . TR T, JoR
PR R 5 R A TR P T (B RRR R B 8 ) 2R
LG, ik, AT RUHIE AN RIRE A 8 TR
i H

22 AEFHEFHMNESRDERERE @RI

PP LR, SRR AR AR AR 2% A A IR
it SR P R R o AR @RI, RS B AL A
[ PO 22 5 o AR T, A ZLRERh T TR
W, LA 2 BIIR, WLEF 4R, L
PR ARG 0B (FLA 4655, 2022), i B 41T C 2R Y
A T I B RE O 5, I/ T % 0 Y B Y BRI
I I, 2 R RSO AE A 1 A2 Ak B b 135 (P<0.05)
SR 55 2% T e A e R PR R IR B L SRS A 0 A
T T A AT R IR R AR B I A O (Wang et al,

(ERES
Colour >~ A4 Group A
10 T B4H Group B

—+— C# Group C

MK N i
Overall acceptability ‘ Texture
/ N
WK Sk
Taste Odour
B AL T 2 A D 5 A R PN 7R A

Fig.1 Radar chart of sensory evaluation of S. niphonius with
different sterilization processes



%1

FEFJFE AN PR R T AN 5 B XU 5TV 5 225

2022; Zhang et al, 2018), H:H1, B 41EE 5 K2 R 1S
BRPESr 0 T HA 2 41, K HF, B 41y B kT
e FREFIRE TR e THA 2 4, HAFER
I, FARWAR, WREE .

23 ARRBEEZFHNERIREZESENERA
Db

g B A2 PAJ SR A ] i H ) B R A A, X IR
AU L SR 2 FE 2R, R A AT LAARARE PR o A i
JEMZ P (Amaral et al, 2018), M3E 2 AfLIFE 1,
WS S A ) B i =ik 11.68%, 3R A A B
b S FE IR, ik = EE(71.88%) . #ilE
(15.49%) F1 i 25 I i 2 (10.16%) J2 H: i 5 o 4 2 52 1
g1, MG IE R I, AN B Y 0.17%. Sl
TEA W A 3 WK T X B 41 (P<0.05), 7 Bl FEAR T

0.63%, 1.08%fI1 1.48%, #4lH &5 BE, SIEEM
PP o (EH T4, 2023), FHH & A7)
ENLE LRI Al

R ST LIAE, SX AL, REAHM=
s FBE NG & & 0 E PR AR (P<0.05), &M S BIAERE
JEArMIEAR T 1.77%. 5.51%F1 7.51%L4 &% 0.71%.
1.53% 1 2.7%, C 4l &5 A 410 B 4 — FHFFILE
%, XA 5 A B IR B I A S S0 DA A0 i 4
BEWEIR NG B 2 B A ik o At 4 J5 R o B0
(Li etal, 2020), H i = Fs @IS FEAR A R0, 0% 25 0
U R ) 5 i i E N, X5 Gang %5 (2019) Ay 58 —
B, HHFEE, ZHEAEANFERE T S AR
B | VORI S 4 R M BT, T £ TR A Y A UK
JR B AR AL AR ST R E o FRIERT LKIE , R4 AR 1L
LR R . R PR S AR R VIR

R 2 AEIREFENE S DS 20808 R AN B0
Tab.2 Effects of sterilization temperature on total lipids and lipid composition of S. niphonius /%

fig 5 43 Lipid components Xt HRZH Control group A 4 Group A B 44 Group B C 4 Group C
Mg Total lipidst 11.68+0.20° 11.05+0.15° 10.60+0.16° 10.20+0.12°
i =g Triglycerides? 71.88+0.632 70.11+0.55° 66.37+0.85° 64.37+0.56¢
Will§ Phospholipids? 15.49+0.22° 14.78+0.36° 13.96+0.22° 12.79+0.19°
B NG iR Free fatty acids® 10.16+0.15¢ 10.75+0.22° 11.59+0.19° 12.07+0.147
S I8 [ %5 Total cholesterol? 0.17+0.01° 0.18+0.01% 0.16+0.02% 0.16+0.01%

e LT E 20 AR, Fl—AT AR5 RERoR 22 57 1t % (P<0.05).
Notes: 1. as % of wet weight; 2. as % of tota lipids. Different |ettersin the same line indicated significant difference (P<0.05).

24 ARREFFHTEADRGERILER

AV A g oK R e bs, HERERS
T B N 107 1% 1) A K (Azad et al, 2009) ., i 8] 2a ] 1,
A AHGEAREREN S, B 178 mgg LJt
2.47 mglg, 5 % B AR o H I =R R A S K R AR
KA B AR iR A C (£ 555, 2023), 55X A AH
b, B4 C 415k i TR (P<0.05), 7 AlFEk T
0.45 mg/g F1 0.27 mglg, X 51 25 B8 M BR A o XU Tip
TRY 0T, AE A TR o B i AR A o3 i A P R T
FEE S

POV J& & W1 2 A AL = ) ——d A Ak W & = 1
HACFE bR, HE 2b AT, REE R T HaER POV &
w, Hh, BAlARfkEc i, i 0.85 meg/kg T
F| 2.23 meg/kg, A 41 C AR LR FELER, XEH
IR TR AR N TRE S 00 B T AR A, TR BRI R R R T
i [ ) A () 5 S50 PR B R T SR A R B AR 25 5

W S RS K E AR R , 75 R
I e 5 AL A T TR (MDA 2 5 iR E

ZR(TBA), & 5 i I 5 A Ak A ) R KU 1) T B o
M 2c afLLEH, RS ANFEREKELAB)E,
TBARS & i . & T[4 (P<0.05) , % 1 A& 4= 1 i o
KB LA =) MDA i — 25 2 it A B0/ N oy 1 B T (TR
PR (F#H T4, 2021), Hd, A4 TBARS &
H Ik M (0.31 mg/kg), C 4111 TBARS & H fix i (0.51
ma/kg) , X -5 % B R AN A ) 777 I 35 4 56 (P<0.05),
R R, SRR IUEE,

25 AEREEMESDEESHNES MR
981
251 BFH T RIEN—FELL KB T

SMALREER S, G0 N B SRR RS T AR [R] 442
R A AN R R IR N, BE A A8 SR 0 48 B
(Hu et al, 2021)., % F 3= 1 43434 (principal component
analysis, PCA) #4744 734 , AT DAL a9 LA
F 5 B ok FROR IR R AR T 2 52 2 HOE D) R R
A, ATENTZEIERL e al, 2019), HE 3
A1, PCL Al PC2 B9 BT 735 4 90.93%71 4.81%,
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Fig.2 Effect of different sterilisation conditions on AV (a), POV (b), and TBARS (c) of S. niphonius
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X HRZH

26 Control group ﬁ

24 1 B#
—_ L Group B
o 201
< 18t
S 16k C#
R~ b A4 Group C
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12 -"kii:'j\\
L

2 3 4 5 6 7 8 9 10
PC1 (90.93%)
Bl 3 N[ AR e S SR FR . PCA 437 &
Fig.3 PCA analysis of S niphonius odour profiles for
different sterilization conditions

BTk IL S 95.74%, I T RHRAEEREIME R,
X B R B RIS A £ 1) SR B B RE U AR 4 b
P XRS5 R R R R R, X TR
P20 P P AT B | R R A R S T
DA BORE il [R5 5, 5 R K W1 45 (2022) ) 45
—E, A, 3PMAREERMN ER L LEES, T
ARG 1 DX 43 AN [R) A% T 25 A Ah B ) A Th B A A
252 GC-IMS NS F R E MBS
W e e R W) o ) 22 Sk, IS @S Gallery
Plot Az B T AR B A AR b B fa 1A 17 35 20 &
W MK 4 T, AR R I B 22 R A Y
B, COEIESS 7 Fh BR2E 5 Ah . WESK 4 Fb . RS 3 A
FR2E 2 FhAIORI 1 A, o, BRmE . O I 1-F0%-3-
P S5 R HE A ) R B R T A R AR A
SR ERSE , GE  SRORE . TS, 3L T-2-fR A
PRITR 2L TG 25 ) J3R ) 5 56k B ) g 368, O ELX 269 Jo
EAFAERE S &R A E 225, BIHREK
GRTE S A NS VSRS

T 2R ) Jo et f v B SR R, R R
I, Xt R AR T B R . IR 4 v, B

> 0 O o777 Jkf#E-M Pentanal-M
‘LI‘IAXI'. J. . JXf-D Pentanal-D
> i o o o e ™ 2-HI AL T #%-M 2-Methylbutanal-M
¢ fe Jo fo 2-H BT #E-D 2-Methylbutanal-D
g— R Z. Tk Ethyl propanoate
5 O0DC - T B-M Butanal-M
DQ 10C T'f&-D Butanal-D
DOC Z.FRTNTEE n-Propyl acetate
OC Z.FR G Ethyl acetate
E)-2-C. & (E)-2-Hexenal
F-2- )% Trans-2-Pentenal
-3-C.)%-1-B% (Z)-3-Hexen-1-0l
fii] Cyclohexanone
fil] 3-Pentanone
fiF] 2-Heptanone
T Fl B% 3-Furanmethanol
fif] 2-Octanone
Hexanoic acid
-M Heptanal-M
-D Heptanal-D
fiZ Pentan-1-ol
#%-M 1-Propanol-M
-D 1-Propanol-D
-2F45-3-F% Oct-1-en-3-ol
+ 4 O Hexanal
3 - F T -2 3-Hydroxybutan-2-one
. ZT8 Acetic acid
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Fig.4 Fingerprints of volatile substances of S. niphonius
under different sterilization conditions

0. 1. 2F0 34rIR/RmRIRAL . AdL. BAIM C4l;

M: k¥ F; D: Bk,

0, 1, 2, and 3 were the control group, group A, group B, and
group C, respectively. M: Monomeric substance; D: Dimer.

TS R L A A T e £ P i A v, HL R VR T ff
P IR SO RRIR 1Y H oh S8 (LR e, B 5 5 &
A RIKTT I B EMOR YR (Wu et al, 2014), 7ER
WE & s R, ULBHR A S0k > T a4
AP RS RIS, KU 2-H TR
(E)-2-CU I | (E)-IS0 I R T i S5 A £ PR P 1Y) 7 2 B
S, Hod, REEEAE CARER TR SRR R, HE
BERUR W70 PR S S A 1) B it S N7 (Zang et al,
2020), [FIAF, F2-2-C Ml A -2- NG I 2 2 i
FE 107 R AL R i = (B € B 5, 2019), HAE B 4
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PR E S T HACREA, I, FFEE, HE
Fe T Lhatk— 2 g o R Strecker KN, i 37 B
TR & e bG(Hidalgo et al, 2004), ik, B 4
2-HE TS RES . 7k, Gao 55(2023)WF 58 =M,
K HsF [i] Jonn A Ak 3 AT i 7 AT g aE— 2 S AL B i
R ), XM T EE A AR AR
R GEE, R A LR L I S AR,
A5 T 2 ) I EL A 7 B R G A (R 7k R 4E, 2021),
- PR TEWHEAS AR KR ER, WARFEENMA
IR T 7 A5 AY S8 (Bi et al, 2021), K17, TEEEA
P, AT RGP R

i 2 308 5 ph B B 1Y) ST N 6 TR 1 Strecker [ fi
7=E (Zhang et al, 2020), REMEIE T 7™ b Al R B 75 SR
M, R B F T U R A — R 1 T ik (I A
2019). MRSV BAE AR AR, 2-3F R R
2- PHAE BT A0 R P S R, IR RS R T R 2
Yy R A AR 3-SR IR O, 3-FR 3 T -2-
Tl 2 — o S 4 S oy v R4, B i A R R B
Fhisr o SR, RS 0T A R e, R R XU 5
BN,

B2 — ORI T AN R R A s &b g, B
AR R AR TR bR I R Y
BRI 1o 0-3- . 1-EEA 1-NEE, AR R
PR f i £ ) FEEASIRYI BT, X5 Huang 55(2019)
MRS —3 AW, BRY S BRI, Y
e B PRI R R R Z-3-C 0 -1-FE . MR TR
FEESS , ANRRIESE 2 ) o B (AR, % 80 PR XU 52 T
R (Wang et al, 2022), 1- %315 HL A B 4 £l 4 I
R, SR Aa A R RO IR 2 — o H R A A U B
o AR T T A AR AR R R . 534, (2)-3-C -1
B ] T T 7 0 P B IR P IR Y S (Prost et al
1998), X ffi PR XU 1) 2 R B R AR -

i 2547 Jo 38 Fh R i 7 TR PN RS R AR A, L
A A NN ) SRR R, AT I R AR T A
M 4 W, FRRY AR A R s i, A
EHRZEE . ZBRABRM R, JEH, YR
16 3 HARWMAN K &I A>B>C, RUIEEEY
JOT 1 5 I A A% TR R 8 8 g 14

FE £ PR HRRG I HE 1 O TR R 2 TR . PR XU ) 3
AR YT, O R 2 ok U8 F N 1 F1 BRI R 1 41
(Chen et al, 2023), A KLIFEMEAAK, EREE
HA B B R A E G CRRIWIE T RE S SR T
SR B SE R E I A 5 (Luo et al, 2021) . 5 EAZEY) 5
L, FREY IR B E, R P KUK SE AN

g b, it o A P M R LA
NE, Hi, OB PR 1-706-3- IR EY
JrE: £ A R R ) R ORI RS, BRI
FRRAG, WA, 2-WAEETRE . E-2-C M. E-2-IK
IGlE . Z-3-C-1-IF . WIRZTR . CIRNTRM IR
P o e N, B R R AR R R R RR Y IR,
T 1 R A . WORAE R . I H B 4R &M
ARG SR R NE YA, AR 0 PR SRR
i A AR E R, 5 T RS RS, e
A NP R . BOR C RIS, ARH
TS, (A R o 5 AR, £ A ORI PR

3 4ig

WA Th B0 R R [R] R TR AR PR AL S 9 b | R
R RAR BT PRor 3 & A B 78k, Hidr, 115 C |
14.7 min (B 4)FE IV B4k B35 . AR BEE AR
T g . H IR = ER AR AR Y B 25 FRIK(P<0.05),
Ui 5 i o 1 5 = & 3% T (P<0.05), Hirfr, 121 °C
3.7 min (C )4k ok i 2 o AN BEAEHE T B R AY K Mt
Ak, POV # i #7175 (P<0.05), AV il TBARS 7%
B2 AW AR 3, Hodr, 110 °C | 46.4 min
(A AR L B3 . HF BB 2L X AN ]
A EFES SRR, HAHFEH SR, REkt
FRAEHE T £ R XU B A A 1, SR GC-IMS 7E %
WA TP E 22 R LRI, OB, SR
s 3-% R . FRCUER . 3-E T -2-M A1 4 PR £ TR 4
AR EZE XY T, HAE 115 °C . 14.7 min
(B 4)rh & . 45k, 115°C. 14.7 min (B 41)
AT T 0 R B SRR T AR, A AR
TP TR, IR BB A X D T T
P14 DRI i J55

& % x #

AMARAL A B, SILVA M V D, LANNES S C D S. Lipid
oxidation in meat: Mechanisms and protective factors — A
review. Food Science and Technology, 2018, 38(suppl 1):
1-15

AZAD SHAH A K M, TOKUNAGA C, KURIHARA H, et al.
Changes in lipids and their contribution to the taste of
migaki-nishin (dried herring fillet) during drying. Food
Chemistry, 2009, 115(3): 1011-1018

Bl J LIN Z, L1, et al. Effects of different cooking methods on
volatile flavor compounds of chicken breast. Journal of
Food Biochemistry, 2021, 45(8):1-12

BU Y, ZHU L W, ZHU W H, et al. Effect of different thermal



228 ook B

546

tterilization conditions on flavor quality of spicy and sour
clam sauce. China Condiment, 2019, 44(9): 101-106, 115
8, BUeH, RoCE, % RRIPGRERES BRI
UL it SRS . R R JRIBR 2019, 44(9): 101-106,
115]

Bureau of Fisheries, Ministry of Agriculture and Rura Affairs,
National Fisheries Technology Extension Center, China

Society of Fisheries. China fishery statistical yearbook 2022.

Beijing: China Agriculture Press, 2022, 12—13 [\ A& FF 358
Wl W BUE R, AR SR Bk, K
43, 2022 P ERE e deat b EO T R,
2022, 12-13]

CHEN C, FAN X, HU Y, et al. Effect of different salt
substitutions on the decomposition of lipids and volatile
flavor compounds in restructured duck ham. LWT-Food
Science and Technology, 2023, 176: 114541

GANG K, WU Z, ZHOU D, et al. Effects of hot air drying
process on lipid quality of whelks Neptunea arthritica
cumingi Crosse and Neverita didyma. Journa of Food
Science and Technology, 2019, 56(9): 41664176

GAO P, BAO Y, WANG S, et al. Mechanism of palmitoleic acid
oxidation into volatile compounds during heating. Flavour
and Fragrance Journal, 2023, 2(38): 95-107

GU SQ, TANG JJ, ZHOU X X, et al. Quality change and aroma
formation in cured fish during traditional sun drying
processing. Food Science, 2019, 40(17): 3644 [JiFEt,
i, SRR, AF ARG H T R B Al
H5ESIEM. &fEE, 2019, 40(17): 36-44]

HIDALGO F J ZAMORA R. Strecker-type degradation
produced by the lipid oxidation products 4,5-epoxy-2-
alkenals. Journal of Agricultura and Food Chemistry, 2004,
52(23): 7126-7131

HU M Y, WANG S Y, LIU Q, et al. Flavor profile of dried
shrimp at different processing stages. LWT-Food Science
and Technology, 2021, 146: 111403

HUANG, X H, Qi, L B, FU, B S, et al. Flavor formation in
different production steps during the processing of
cold-smoked Spanish mackerel. Food Chemistry, 2019, 286:
241-249

KONG JH, WEN L M, ZHU Y Z, et al. Effects of simultaneous
high-temperature cooking and sterilization on quality and
storage characteristics of ready-to eat crayfish. Meat
Research, 2022, 36(3): 3844 [fL4x4k, WMIHL, Wk,
S TR IR AR TN D B it BTSRRI A S Y
2H5%, 2022, 36(3): 38-44]

LI C, LI X, HUANG Q, et al. Changes in the phospholipid
molecular species in water-boiled salted duck during
processing based on shotgun lipidomics. Food Research
International, 2020, 132: 109064

LI M, YANG R, ZHANG H, et al. Development of a flavor
fingerprint by HS-GC-IMS with PCA for volatile compounds
of Tricholoma matsutake Singer. Food Chemistry, 2019, 290:
32-39

LUO J, NASIRU M M, ZHUANG H, et al. Effects of partia
NaCl subgtitution with high-temperature ripening on proteolysis
and volatile compounds during process of Chinese dry-cured
lamb ham. Food Research International, 2021, 140: 110001

PROST C, SEROT T, DEMAIMAY M. Identification of the most
potent odorants in wild and farmed cooked turbot
(Scophtalamus maximus L.). Journal of Agricultural and
Food Chemistry, 1998, 46(8): 3214-3219

SONG Y S, LI C, CUI C, et al. Effect of different thermal
sterilization conditions on quality of sauced duck neck.
Meat Research, 2022, 36(4): 20-27 [ZREHI, 250, Ai%E,
G BRORTR AR s T JE i BT 2. PRISRIESE, 2022,
36(4): 20-27]

VASTA V, PAGANO R |, LUCIANO G, €t al. Effect of morning
vs. dfternoon grazing on intramuscular fatty acid
composition in lamb. Meat Science, 2012, 90(1): 93-98

WANG S, JAN C, WANG L Z, et al. Effect of Ice glazing on
the lipid stability of Litopenaeus vannamei during frozen
storage. Progress in Fishery Sciences, 2022, 43(3): 207-213
[EET, b, TR, % SRR LANE IRA
FEC R R PE R VE . Wl RR Ak, 2022, 43(3):
207-213]

WANG S Y, LIU X, CAO R, et al. Changes in lipids of dried
shrimp products during processing. Journal of Shanghai
Ocean University, 2021, 30(5): 932-939 [E3#7, X%, &
o, A BIEER T T R BRI oY, R
224, 2021, 30(5): 932-939)

WANG S Y, ZHAO L, SUN H H, et al. Effects of cooking
methods on lipids and volatile substances in Penaeus
vannamei. Food Science, 2023, 44(6): 344-350 [ £ &, &
Yo, VECE, S R J7 U ML 9N I X U (Penaeus
vannamei) i Jit K #E & W I s . B Rk, 2023,
44(6): 344-350]

WANG S, HU M, ZHAO L, et al. Changes in lipid profiles and
volatile compounds of shrimp (Penaeus vannamei) submitted
to different cooking methods. International Journa of Food
Science and Technology, 2022, 57(7): 4234-4244

WU N, GU S, TAO N, et al. Characterization of important
odorants in steamed male Chinese mitten crab (Eriocheir
sinensis) using gas chromatography-mass spectrometry-
olfactometry. Journal of Food Science, 2014, 7(79):
C1250-C1259

XIEQ, XU B, XU Y, et al. Effects of different thermal treatment
temperatures on volatile flavour compounds of water-boiled
sated duck after packaging. LWT-Food Science and
Technology, 2022, 154: 112625

XUY X, BAI X T, FENG Y, et al. Changes of flavor compounds
in sea bass during steaming process as analyzed by gas
chromatography-ion mobility spectroscopy and chemometrics.
Food Science, 2021, 42(22): 270-275 [#5 ki, MHEE, 75
I, 5. HET GC-IMS b2 a2 43 iy £ R 2 ik
FErp KRS R AL, BBk, 2021, 42(22): 270-275]

ZANG M W, WANG L, ZHANG Z Q, et al. Changes in flavour



ER TR AR A U g e IR SR KU A S 229

compound profiles of precooked pork after reheating
(warmed-over flavour) using gas chromatography-
olfactometry-mass spectrometry with chromatographic
feature extraction. International Journal of Food Science and
Technology, 2020, 3(55): 978-987

ZHANG D, J H, LIU S, et al. Similarity of aroma attributes in
hot-air-dried shrimp (Penaeus vannamei) and its different
parts using sensory analysis and GC-MS. Food Research
International, 2020, 137: 109517

ZHANG R, QIU W, ZHANG M, et al. Effects of different
heating methods on the contents of nucleotides and related

compounds in minced Pacific white shrimp and Antarctic
krill. LWT-Food Science and Technology, 2018, 87: 142-150

ZHAOL, CAO R, WANGLL Z, et al. Study on the characteristic
flavor change of Porphyra yezoensis before and after
roasting. Progress in Fishery Sciences, 2021, 42(4):
199207 [, W%, FIHERE, 4. SRBEESEEHIRT R
TERBRAEAITFSE. B4k, 2021, 42(4): 199-207]

ZHOU H, CUI W, GAO Y, et al. Anaysis of the volatile
compounds in Fuliji roast chicken during processing and
storage based on GC-IMS. Current Research in Food
Science, 2022, 5: 1484-1493

(B o AE)

Effects of Sterilization Conditionson Lipid and
Flavor Quality of Scomberomorus niphonius

WANG Shanyu®, JIAN Chong?, XUE Yong®, ZHAO Ling', SUN Huihui*, CAO Rong*?”

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. Laboratory for Marine Drugs and Bioproducts, Qingdao Marine Science and Technology Center, Qingdao 266237, China;
3. College of Food Science and Engineering, Ocean University of China, Qingdao 266003, China)

Abstract

Scomberomorus niphonius, an important marine economic fish in China, is widely

distributed in the Bohai, Yellow, and East China Seas. In 2022, the total catch of Scomberomorus
niphonius in China was 356,100 tons, representing 3.75% of China's overall marine fish catch. Shandong
Province accounted for a significant portion, with a catch of 175,300 tons, constituting 49.22% of the
national total. The annua catch of S niphoniusin Shandong ranks first in the country. S. niphoniusisrich
in protein, unsaturated fatty acids, essential amino acids, minerals, and other nutrients. It has a delicious
flavor and is popular with consumers. S. niphonius, during processing and storage, is susceptible to
microorganisms, temperature, and other external environmental influences of corruption deterioration and
loss of commodity value; therefore, its storage quality must be improved. Among various fish products,
vacuum-packed ready-to-eat soft canned products are popular and widely used with high commercial
value due to their short sterilization time, low nutritional loss, and easy portability. Sterilization is an
important way of ensuring product quality and extending shelf-life. However, the irrationality of the
sterilization process, which focuses mainly on the effect of a single sterilization temperature and time on
these quality indicators, often resultsin areduction in the quality of the product in terms of flavor, texture,

and nutritional value.

Lipids are important components of seafood and essential biomolecules. They are also involved in
organismal processes essential in the nutritional vaue, texture, and overall organoleptic properties of
seafood. For flavor modification, they act as solvents and precursors of volatile compounds. In addition,
seafood contains essential nutritional lipids, including phospholipids, triglycerides, and essential fatty
acids, which is an important feature distinguishing it from other species. In addition, most of the volatile
flavor compounds in meat are produced by the Melad reaction and the thermal degradation of lipids
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(oxidation) and thiamine. Oxidative degradation of lipids is the main pathway for forming the
characteristic flavor of aguatic products. S. niphonius, due to its high content of unsaturated fatty acids,
releases unsaturated fatty acids from the lipids during sterilization to further oxidize them into volatile
compounds such as aldehydes, ketones, and alcohols, which have a low threshold value and can
significantly impact the flavor quality of the product. Currently, the processing of S. niphoniusis focused
on dry-cured products, and relatively few studies have been conducted on the quality changes during the
processing and sterilization of its soft canning. Based on this, the present study took the S. niphonius as a
research object and used conventional physicochemical tests combined with the electronic nose, gas
chromatography-ion mobility spectrometry (GC-IMS), and other technical means to compare the effects
of different sterilization conditions on the physicochemical indices and volatile substances of S. niphonius,
to extend its shelf life while reducing the effects of sterilization on its flavor, sensory, and nutritional
qualities. This will provide a reference for quality control in the processing of prepared fish dishes and
enrich the basic theory of flavor formation in thermally sterilized aguatic products.

The results showed that the sensory scores of texture, taste, and odor of S. niphonius changed
significantly after sterilization. The total lipid, triglyceride, and phospholipid contents in the samples were
significantly decreased after sterilization (P<0.05), and the free fatty acid content was significantly
increased (P<0.05). Differences were observed in lipid composition between different sterilization groups,
with the highest degree of lipid loss in Group C samples. The degree of lipid oxidation was significantly
affected by sterilization conditions (P<0.05), peroxidevalue (POV) content was significantly increased,
and thiobarbituric acid reactive substances (TBARS) content was significantly decreased (P<0.05). The
results of electronic nose analysis showed that the odor characteristics of fish meat after different
sterilization conditions were significantly different. Twenty-two volatile compounds were identified from
the four groups of samples using GC-IMS, including seven aldehydes, five ketones, four alcohols, three
esters, two acids, and one furan. Among these compounds, heptyl adehyde, hexadehyde,
3-hydroxybutane-2-ketone, acetic acid, and 1-octene-3-alcohol were identified as the primary volatile
substances in the control group. The signal intensity of valeraldehyde, isovaeradehyde, butyraldehyde,
3-hydroxy-butanone, and ethyl propionate significantly increased after the fish underwent various
sterilization conditions. This observation suggests that sterilization promotes lipid oxidation and
decomposition in fish while leading to significant variations in volatile substance profiles among different
sterilization  processes. Hexanal, pentanal, 2-methylbutanal, 3-pentanone, cyclohexanone,
3-hydroxybutan-2-one, and ethyl acetate were the major aroma compounds in the fish, and the highest
levels were found in the samples from Group B. In conclusion, the organoleptic and flavor qualities of the
samples at 115 °C for 14.7 min (Group B) were significantly better than those of the other sterilization
conditions, and the degree of lipid oxidation was lower, which provides technical support for the fine
processing of S. niphonius products.

Key words Scomberomor us niphonius; Sterilization conditions; Organoleptic quality; Lipids; Volatile
substances; Flavor



