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Effect of High Hydrostatic Pressure Sterilization on the Physicochemical
Properties, Taste, and Flavor of Large Yellow Croaker
(Larimichthys crocea)

CUI Yan', LIU Hanxin?, ZHU Lin', SHANG Haitao', LIN Xudong', CHEN Shuying', XUAN Xiaoting""

(1.Institute of Agricultural Products Processing, National Vegetable Processing Technology Research and Development
Center, Ningbo Academy of Agricultural Sciences, Ningbo 315040, China;
2.College of Biological and Environmental Science, Zhejiang Wanli University, Ningbo 315100, China)

Abstract: To explore the effect of high hydrostatic pressure sterilization (HHP) on the physicochemical properties, taste and
flavor of large yellow croaker (Larimichthys crocea), Yongdai 1 (Daiqu sp.) samples were subjected to different HHP
treatments (200, 250, and 300 MPa, 10 min). The total viable count, color, textural properties, water retention ability, lipid
oxidation, biochemical properties of the myofibrillar proteins, flavor nucleotides, and free amino acids were analyzed. In
addition, volatile flavor profiles were analyzed using gas chromatography-ion mobility spectrometry (GC-IMS). The results
showed that HHP, a treatment of 200~300 MPa, effectively inactivated microorganisms with a sterilization rate of =
98.10%. No significant changes were observed in surface color and lipid oxidation levels compared to those of the

RS EHA: 2024-02-21

HEWE: T«fi—rﬁ/ FEAHGTRIAA (20228144)

TEBBAr: Bk (1987-) %, W+, SIAFA R, AR @) 4% Ak 8 5 e L, E-mail: cuiyan1605@126.com.

* Jéﬁﬂfﬁ: EH;%&L'? (1991-) , %, Bt BhERBF 5L, A7 6 4 A 4945 %), E-mail: xuanxiaoting163@163.com,


https://doi.org/10.13386/j.issn1002-0306.2024020169
https://doi.org/10.13386/j.issn1002-0306.2024020169
https://doi.org/10.13386/j.issn1002-0306.2024020169
mailto:cuiyan1605@126.com
mailto:xuanxiaoting163@163.com

CHELE SRR ] A RRERE

X IR PR AR . XU A 52 - 45 -

atmospheric pressure treated samples (control group). Muscle color was maintained better in the 200 MPa group, with AE

2.90. Treatment at 200 MPa significantly improved the textural properties and water retention ability. Compared to the

control group, the resilience of fish muscle increased significantly by 16.92%, whereas cooking loss decreased significantly
by 14.35% in the 200 MPa samples. HHP treatment at 200 MPa had fewer negative effects on protein denaturation than

treatment at higher pressures. The surface hydrophobicity of myofibrillar proteins exhibited no significant changes

compared with those in the control group, whereas the thiol groups content and Ca**-ATPase activity in the 200 MPa

samples were significantly increased compared with those in the 250 and 300 MPa groups. In addition, flavor nucleotide,

free amino acid, and equivalent umami concentration levels significantly increased after HHP treatment, resulting in an

improved fresh and sweet taste. GC-IMS analysis revealed that HHP treatments significantly enhanced the flavor

components of L. crocea, particularly characteristic odorants, including alcohols, aldehydes, and ketones, thereby increasing

fruity, floral, green, and sweet flavors. Considering both the sterilization efficiency and changes in physicochemical

characteristics, taste, and flavor, a pressure of 200 MPa was determined to be most suitable for L. crocea sterilization. These

results provide a theoretical basis for the application of HHP in the preservation and processing of L. crocea.

Key words: large yellow croaker; high hydrostatic pressure; sterilization; physicochemical properties; taste; flavor
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I, BIFAC TR | e Rt R R B B i 28
GrAIRk R
#8155 J& (high hydrostatic pressure, HHP )/ A —
AT AL ERRIN TR, AT 7E S IR ERIE T SE A T
BRI AN F7, e K™ i B 2 4 Je
TR A B F B Wu ZEPV ST & B, HHP
(300 MPa. 5 min) A AR FEREEE T BRI . K
oA o B v o A BRI Rl A 2 1 S AU, E A
RN AR | N5 B AL S A M i AA 2 LR A i, SE
K2 . Ahmed 45 & B, HHP 7647 2803 K LG
ZEHTRE PR Y [T ESE, AT A5 S50 R o 6 e 1) 757 3 L T,
B IR e 28 FElR 1k Jo W] W ARk . T4k, HHP JR#9%
R TR a5t , AHSEF ST R AE TR 7E HHP Ab3R
XA FRA T US4 B RERRES Sezsal4h
Fsz P ik . A e AENY B 200~500 MPa
I ERRAR TRt 2 2 S . IRV M. ATP
B 1, ARG KK FFEE, 5T GC-MS 4347 1
VR AR 500 MPa | RIR R BTAERIE L. )
AT AN, FeTHL T 55007, 200~500 MPa =K
Kt rp R ME R BRI R Y, K 3R
B MRIESESE | FIRUAR, S b EE RN
AHIG, SR H AT HHP X R falg i a ik . Sk,
BEWR B S AIF ST M HHP R 8 XU AR T 4 Ak
ST BN AT HRIE
ASCUAR Y 1 5 RO AU 5E x5, 7TEWIH 3~
FRCRAL b, 255 P, B IR e AR
AEAFAH G bR ZR ST Ak v T A% B0 o fa PR Ay
PEASZI, (RIS 25 5 S 8ORFA 3 . SAHE TiE %
% ( gas chromatography-ion mobility spectrometry,
GC-IMS) Al AT HTH AR H 24 R . KRBk, &
T8y HHP 78R Bt AR 0 T vp g W S LB AR
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&, Ca*-ATP BnGiRG0 & pa st kY T AR
FEPT; =¥ H R EL e TR EE (Tris-maleate) . 55
it SR AR T . AL AR VR AR ML 2 (inosine 5°-mon-
ophosphate, IMP) . = 2 ( guanosine 5’-monopho-
sphate, GMP) . JIf ¥ Ii* ( adenosine 5’-monophosph-
ate, AMP)Fr#fE T 2 Sigma 22 F]; FEE ., BER —
S BRI A B O QRN IEC SN A
afi, HoAbGR Y S orbrall E 2548 B 25 alR A BR
/NS IS

CQC2L-600 BRI A=y AHME By R e 2 ALt
R AT BR2S ] ; SPM-168 R e AL % 746
TUNLEAES) s CioX fE#EA A2 ZEm( Lk
W) R A BR S 75 TAXT Plus BiAg4% e[
Stable Micro Systems 2\ F]; FE-28 # pH 11 #f4F
)-FER Z AL (CEHE) A PR Fl; ReadMax 1900 #U5Y
MR AP R B M DS A R A R F
LC-20A I 20 AH (35 AL H AR B 2 w5 LC-
100 B ERURAR TS B L FEREESE R
H] ; FlavourSpec®<, #H & ¥ iF #% (4 35 X 75 =
G.A. SN TI8 AU FHL  FEE IKA A FH; 5415D
HIVSURES ML f#[E Eppendorf 22 Fl; MS105DU Hi,
T4 R Mettler Toledo {X#FH BRAF] .
1.2 SEW7E
1.2.1 ARSALER R R e AR, REREEBE . I
S, FLKBEE 5 X245, YK E S
Sk, BCT P e R s bk .

P £a B FEHL A3 4 4, 5353 R X FE2H (CK 4H)
3 AR RAN L . AETRSL G ELA [, s R AL
HZH 53T 200(H200 2H) . 250(H250 2H) . 300 MPa
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(H300 £0) JE 71 N8 AR 10 min(fadeigestr,
B 80 g fakk | 80 mL /K) . PIAK MALEA R, THE
HE 3 MPa/s, 3 s PN 58 BT R B W], Ba P9 7K IR 24
15°C. M JE B H A8 &, Bl RO E A7 58 7% 22 (total
viable counts, TVC) . (02, ity . pH. PR/KPEZETS

BRI SE, FAFE SR GRS B T80 °C VKA TRAT.
DIFHF R L ER R XU AR SCFE AR e o Xt B2 1

B [ v s A PRZH A8 ) 11, 8 i3 Bk ) A1) i B
FEREM . FRAHBEE 3 1 FA7s

1.2.2 WEESEMNE ZSHEESR GB/T 4789.2-2022
CE S AR My SR 50 TR 7 S 80 2 D EAT, &5 21 LA

lg CFU/g FIR.

1.2.3 PEME 43501550 PA A I R 2 £, Xk

T B PEATINAE, iC 5 L. o Fl b™{H, 4B e B
2 IR, FREHBEAT 3 OPATIRES . AP EE (WD
Ko 5 xf RagH a2 (AE) B HBULA AR LR

B, LM IIRTISAE THERE R 860, Xl 3R B il 6220 £k
FRAE

WI = 100 - [(100=L" Y +(a’ ) +(b*)*]"" A (D

AE=[(AL" Y +(Aa’ > +(Ab)*]"" A (2)

o BHRLAL: AL™. Aa™. Ab™4r 31 g AbFRLH 55
XTREZL L7, a1 b2 255 AR X B2 ALY,
Aa” . ADSFHHACERRTIS LY. a Fil B EZ 2%,
1.2.4 Ui S0k [11] %, LI TPA AR
XT P EB LR 4= A 2 50 (R 32 L 5 | RELOER: . [m142
PEVEATI A . e PS AETEAR L, B AT N
2.0 moys, B, BIAZEN 1.0 movs, fill &2 J1 4
5 g, FIREEE N 5 mm, ELHEELAI 8 YR, BOFII(E .
1.2.5 pH il ZMECE ML EZFERME 745 pH
B 149 52 Y (GB/T 5009.237-2016) #£47, 45 4H ik 3
UOFAT S
1.2.6 PRZKPEMSE WL AR/ LA I IS Rk T
PR, M AE 755 Zhang 4512 Jy ik FRmg s o .
10 YRR R J5 5485 11, 80 °C /K254 30 min, B4,
WK A TE PR, G5 R LA B b 2SR
ErE (%) o, B 3 OPAT
1.2.7 TBARS HIE =GR SEESE 7IE,
ZEIR LA pmol/100 g o, BRI 3 AT .
1.2.8 WURLT4EE AR =% Yang &5 Jrik, 7
TR, B 3 g TFHERILIAL InA 10 f5AFH 4 °C T2
Tris-maleate Z& 1AM A (50 mmol/L KC1-20 mmol/L
Tris-maleate, pH7.0), 2J 3% J5 4 °C. 10000 r/min &5
> 10 min, 37 B3E, VITEFIIA 6 (AR FR TS Tris-
maleate 2% A B(0.6 mol/L KCI1-20 mmol/L Tris-
maleate, pH7.0), 5I935 4 °C $2HL 1 h, 4 °C. 10000 1/
min Z5.0> 10 min, 35 ¥ R A LR £ 4E 88 A3 -
2 L W VI S AR e
1.2.9 RMAETHAKMEN E 22 EE A a2 2 BE S

Bk [14] Ikt tr, FETEMEe. B 1 mL USET4EE A
VEW, TN 200 pL REY AR (1 mg/mL), =i R
Y% W 10 min, )5 10000 r/min 5.0 15 min, B
TE W BE 10 £5 )5 5E 595 nm 4B YGREE, LA Tris-
maleate ZZ AW B E2s (RS . HAEDI B Z B
SR ATl A TR BRI B 2R (ng/mg prot) .
1.2.10 BHmIEEEHIL T BN E SH L
Mk [15—16] 2R FH Ellman 3255 725 X345 5 o 40 6L 5 3k
( total sulfhydryl, T-SH) A #fi P #i & ( reactive
sulthydryl, A-SH) & =47 . 0.25 mL JULEET4i
FEABEBET A 2.5 mL B2 Eh 2% 1h# (0.1 mol/L,
pHB8.0, ¥% 8 mol/L JRZR), IR S IA 50 pL 5,5-—
A QX (2 FE2E H R ) ¥ (10 mmol/L) . T-SH &
HME T, W 40 °C 7K 30 min J5II5E 412 nm
AL A, A-SH e Il F 4 °C /= 1 h J5i)
E 412 nm AESGIE . LU P28 2-fid3E-5-Fif R
H PR 7ZE 412 nm J% K . pH8.0 F 1Y EE SR TH O B %%
13600 L/(mol-cm)it44, T-SH. A-SH &) nmol/mg
prot FIR.
1.2.11 Ca’-ATP BiGieE 2 MR S e ui il
M5E, 255 L4 umol Pi/mg prot/h IR,
1.2.12 BREZEHRME =% Duan 2507 ik, %
LBl 0.2 g AP 1 mL BEERHE (5 mol/
L), 53 8 32 B 30 min, IIA 1 mL 70% F i,
VB4, 4 °C # ¥ 30 min, 12000 r/min 55.0> 15 min,
B 3%, JH 2 mol/L KOH # & pH6.8, 0.08 mol/L
BB 22 R (pH7.0) A ZE . 0.22 pum TFLUENR T IE
JEAREI

HPLC 43 #7544 LC-20A % 125 350 W AH 0 3% 4% 5
C,s I AH (35 41 (4.6 mm=150 mm, 3 pum) ; # i
30 °C; JiushAH A(100% FFE), #ish4H B(0.05 mol/L
WERREPZZ vhik, pH7.0); BEEEVENL: 0~25 min, JishAH
A A 10% et T REZE 5%, BEJS 5 min PNZtk
TREZE 1%, B 15 min NERTE T B2 0.5%, M5
10 min P9 ETFZE 10%, 482247 4F 5 min, BHsfT
A 18] 60 min; AR 10 pl; HiEE 0.8 mL/min; %54+
K1 254 nmo
1.2.13 W Eimie S5 5 Rl st (rik
BEAT. 02 gRES P IIA 1.5 mL 70% H B 5 W,
8000 r/min ¥JJiT 30 s, 77 H#2HL 40 min J5, 12000 1/
min B0 10 min, FEE I 2 K, &IF LW LW
W& T IS, I 0.3 mL #BaiK, £E5L TR,
12000 r/min B> 5 min, HX 200 uL ¥, in A
100 pL = Z. %, 100 pL 0.2 mol/L 5T 450 18 2 Fig 145
W, IRSIEZEIRCE 1 he BEFIA 400 pL 1ECVEE,
RIZIYRY 15 s J5 12000 r/min 25.0> 2 min, L 100 uL
TIEBRANA 400 pL #B2i/KIR4], 0.22 um fHfLyE
PSSR A

HPLC 53474512k LC-100 U Z 580 AR (B35 2
Fe g Ll 4354 (4.6 mmx250 mm, 5 pum) 5 A5
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35 °C; Wi sl AH A: 0.05 mol/L Z BR4NIE W (pH6.50),
WshAH B: e : Z0E : 7K=20:60:20(v:v:v); BEEYE
. 0~39 min, AR A LB 95% 281 N =
52%, F)5 1 min PIZETE T 2 40%, 5 5 min N4k
PE LT 2 45%, 1 min PN X £kME LTS 95%, M5 £+
¥ 14 min, B34 7H]A] 60 min; HiiE 1 mL/min; P4
HE 10 pL; 25MaM S 254 nm.
1.2.14 BR¥5 24 & (equivalent umami concentration,
EUC)MJITH.  EUC{EZRESCHK [19] Byl 171t
L GERDIAE 100 g ALK i (g MSG/100 g)Z0,
1.2.15 F% % £ ¥ i ( volatile organic compounds,
VOCs)MzE =% Wu 5529 Jrik, SR GC-IMS 7%
XFRE S T B FE R MR AL Sy BEATIN A, AR 3 URF
7. BREL 5 g BEME T 20 mL TR, 60 C BFE
15 min J53ERE; PEREEAFR 500 pL, AN SEREET IR
BE 85 °C.

GC 44 MXT-WAX BN (435%4E(0.53 mmx
15 m, 1.0 um); BEFE TR 80 °C; AR 60 °C; 2R
v ol N, (4l =99.999%) , it i« A 4 2.0 mL/
min, {£3F 2 min, BE/5 8 min £ FFHZ 10.0 mL/
min, - 10 min NZME EFFE 100.0 mL/min, BE)5 14
+F 10 min, EUa1THTE] 30 min.

IMS 25k B M IE CH) ; B8 K E
98 mm; FHLIZR T 500 V/em; iIT B IR 45 °C; &
BN E Al N, (465 =99.999%), #itid 150 mL/min;
TR AR
1.3 B

¥R TR ] GC-IMS {28 A #HF VOCal %k
AN E I GC £/ B 48 BUEE 42 (2020NIST) 1 IMS
TERL B TRIASCHE 22 A s T A ARe i XU ) BT A 7 43#T,
FIFH Reporter., Gallery Plot 25444 A= B AS [RIAE & T8]
R AT FRSCENE . HAASZH BSOS BB
HE2Z (mean+=SD) 375, i FH SPSS 18.0 #14:J one-
way ANOVA = X Duncan #6 56 X 52 56 B0 P8 BEAT4H.
o) Lh e fn 2= 5 43T . A P<0.05 AFAE I 3
PE2ES
2 HBRESH
2.1 AEIEESELEX KEEBESRAIE N

TVC J& =z W fa A ik B2 i 22240, s 5
A F g B E . ANFEEJTR TVC 284k
WK 1 TR, BRI IR TVC i 4.18 1g CFU/g, &b F
IR ZS . 200~300 MPa JE /1T, tafkf TVC %%

CK 4 W3 TR 1.72~3.38 1g CFU/g(P<0.05), H A%
PR B 7 b T i 25 B 9 (P<0.05) o ARG F:
YIESE T HHP PYAS R, 45 58 5 X FT | R &
22 £ HHP W98 v (19 & SAE L. B 58 7R, HHP
A R BEAK ™ it v S B WA=, A PR R
v FLIGER %S, 100 MPa T {EFABOTRA . Ay BL LGB PRI
2 TR, 200~300 MPa ARy ) M8 R K fa
RS TVC PR IE T BN 5 3= 22 308 X R )
U VMG . TVC 1 R R nT fEs& T HHP /£
., RN BEBEE A 53T )2 R A B A . ISR AR
P, 2 AR B BRI | s AL B L S, 5 A
Mo RESE S | AT BRI RE AN R AR AT e e,
RIS, T AT BB T2

45 4
40 [T
35t
3.0t
25t
20t
1.5}
1.0}
05t

0

TVC (Ig CFU/g)

a

%

CK HQOO H250 H300
BT ORI i FEAR B B £ TVC (520
Fig.1 Effect of different high hydrostatic pressure treatments

on the TVC of Larimichthys crocea
T AR FRER R 225 3 (P<0.05) 5 T4 2~ 5 1]

22 BEEREXNARSELRRNE

221 fmF R PRI IAL R H I 3 B e X £
FEREDEM L R EEIEhRZ —, W 1 iR,
HHP S80I L7k WIER S LF, 3
R & T H8 N B0 2 TR EA(P<0.05), LA F1 )&
hn. B EE R, =250 MPa W44 o 3 BH i 3k A
W, Humaid 2529 ZE B ¥R R . Huang 25129 76510 A
LI K Tsai 509 ZE@H 4 HHP hn T APt &% 30 1T 250
ZEIR, X FEESEH T HHP 5% T i h USRS 4R
M LR AR AR PR BE [, SO UL B . 4541
6] o™ JC W& 25 (P>0.05), 0] 200~300 MPa #4
1B AR X LA LT %A = A 52 i) . R A 15 S LIA
bME R IE, R PI AR, =250 MPa B b™H 2 |-
F+(P<0.05), X T RS T8 s R N ULLLE 1 2E RS
SR, X455 5 HHP XHRHRERY | fEfalh
iy £ K A LR I E A FE—35 . {H Tsai 25859 %

F R R OO T LA PR S

Table 1 Effect of high hydrostatic pressure sterilization on the color of Larimichthys crocea dorsal muscle
25 L a b’ WI AE
CK 63.40+2.37° —3.7240.25° 2.09+0.17° 63.15+£2.37°
H200 66.28+0.23° —3.74+0.30° 2.08+0.19° 66.01+0.22° 2.90+0.23*
H250 76.95+1.16° —3.97+£0.35% 2.67+0.21° 76.46+1.16° 13.57+1.15°
H300 81.67+1.58¢ —4.02+0.26" 3.24+0.14¢ 80.95+1.52¢ 18.31£1.57°

T [FFUA A T RERoR [R)—F5 R 22 57 .35 (P<0.05); R2~3K3 Al
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L 300~600 MPa £b ¥ N E\H AP pYE B T, &
SR BN Sy HHP AJ o il £ 0 J58 (%) 2 B8 R [, =
300 MPa B b E B M FEAR . 32 PR 7K™ il (e s
AR = R WL R AR | R R S L RIE
ZE, ANFEIK =R TS LR A R AR, i
SRR R X pME R I AN [F]PO 303, 5 CK ZH A,
THEBULA AE (B RE R S8 =T, Hoh H200 445
N AR 2.90, BEARAPEARLAN T, POIRAREE T 4R
o STt AR TC I i 25 5
X bl A5 21 A BRI S I R R X el A 2 a5

(Kl 2), AE{BHTE 1.75~1.81 22 [a], #5978 /]S, BA454H 870
W25 (P>0.05), £ <300 MPa ## JEXT R E
RRAE B (0 X AR (e T
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Fig.2 Effect of high hydrostatic pressure sterilization on
the abdominal surface color of Larimichthys crocea

222 JRAY  A[E HHP &b ¥R 5T 2 508 1k
22 i, BEEES) B, R ng R EE | gk | HIER
PEZ WG K, i 5 E H @t gy a5
HHP W58 ag R I —2 . Hor, nHEEAE Tl o B
2,200 MPa FPHIFER CK 413 IT 19.81%
(P<0.05), MjAEEE | s 10 28 AR A 43 5l 4G T+ 250
#1300 MPa. 200 MPa T, A pd o] 52 1 i 25 & T
HAt2H (P<0.05), 4351 2 CK. H250 & H300 ZH 11y
1.17.1.14, 1.29 1%, = 15 R i JBTke 28 A i )
TR SRR LT 4 A8 . R4, #hniS | &2
AL, RERE | 5 | RHIRAEIG B S iE
SE R, B EE YIEN S HHP T 00 S M 45 S5 T
JRAT IR

2 AT R B Y

Table 2  Effect of high hydrostatic pressure sterilization on
the TPA properties of Larimichthys crocea

205 TERE(N) i RELAEPE (ND 1 (%)

CK 2.40+0.23° 0.73+0.03" 1.09+0.07* 0.26+0.02°
H200 2.41£0.19° 0.72+0.04° 1.31£0.12° 0.31+0.04°
H250 2.83+£0.25"  0.75+0.02% 1.52+0.12° 0.27+0.03"
H300 4.73+0.30° 0.77+0.04° 2.12+0.13¢ 0.24+0.04°

223 pH #F98 W 8, HHP <52 /K 72 5 pH I
FHE738, AR TR R e P B T AR B S .
&l 3 i, 28 HHP AMER)S, 4540 pH BRI 9 Tz
WiAE K, 300 MPa | .3 & T CK £ (P<0.05), #EM

pH EJFRTRESE i Tl w5 A S i 584k, fefd
DR A 2 i M PR M E L AT 1L

70
a a a
65F 8
jas)
o
6.0
55

CK H200 H250 H300
&3 R X R 0 pH (1521
Fig.3 Effect of high hydrostatic pressure sterilization on the pH
of Larimichthys crocea

224 ARIKPE  HIRSE HHP X K8 a5 /K PEY 52
ma, S R 452 R AR S SR T . aniEl 4 r
7N, 200 MPa FZEB IR FE CKAR EF FET
14.35%( P<0.05), 3= W] fa I LR K PEAS 2 T A %32
e BRI, BERE R J1I4kSE BTV, 28 &It
BETE T H200 207K (P<0.05), 185 CK ZH A JC i
FH 25 (P>0.05). Yang %P & #H 100~200 MPa &
J1F, BEAE 10 EE 0, 58 g 1 25 8 35 Ok SR 0B i
TR, 124K J1>200 MPa J&, HAH I f R E e T
200 MPa ZbERZH, (HAKSPIIT X BRZH, 25 5 545
B a2 DA SR, IE S A ]
IR E A LA AR EE T, HEDE T HLERE A
S 7 i s AR 2 i T LB EREE I = A
T AR, DETTHI T USRS 2k R 27 2k 22465 | SR 7K 53
TR MAh, ZEEIRISRAY R IR e T SR
T HERER R M NSh R e P &, A T
AR, SR LA I ARK RE S04,

b b

st +
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Pl 4 R T A TR OGS DR 1 28 A 0 R A A 5
Fig.4 Effect of high hydrostatic pressure sterilization on
the cooking loss of Larimichthys crocea
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Bl vl & K BRI Ak, SR sk AR AR, N
Bl 5 iz, 200~300 MPa JE 1 R, KiEmamIigT & i
TR R &AW 284k, TBARS (-5 CK 400 .35 2=
S (P>0.05), S84 ffofn 4 dE e R AT 45 R —
B, (RS ETTE R B, 8 S R Ss s i iE /N e |
AR FR B A AL, TR FEXT LR G U4 Ak
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Fig.5 Effect of high hydrostatic pressure sterilization on
the TBARS value of Larimichthys crocea

23 BEEFREXMNARGINESEZSEEFENZ
2.3.1 FHEGKIE HHP XA o fURLT4iE 15
M KRR AN ER 3 Bion . S aTHmrsT a5 SR Al
(R4 SRR RS S T AR I ER BUK M RES N, R
772250 MPa B R GKHEZ R T, 250~300 MPa
T CK 4H B ZE T T 45.50%~175.89%(P<0.05),
RUNURLF i gt 24 T #5484k, HHP /£
T, KEANIEAZE, IREERE, 43T PERe K3k
52, SEERmeiK M BT, WUBRE A E sk A7
VEFH G5,

232 REFEEAEESRIEES R T3 ATLIEH,
HHP 54 T #idk &80 2 R (P<0.05), B &
FIE TR, BEEEANE ME S & Y R IN FRE
#, 5 CK dAHLL, HHP 4RSS ES L0 T
BT 32.29%~75.57%. 44.26%~77.51%., Li &4 fE
R4 HHP #/F 57 50t & B0 T AR5 SR, 300~350 MPa
UG R USSR MRS AL A BT R R, HoKOF
AR IR, I U TR TSRS IR T
BTGP 2 B TN, RGNS IRk I
22, BEiT e E AL B A, S EGRA S BT .
2.3.3 Ca*-ATP BfFihit:  Ca®"-ATP B 1% P 2 sz i
WURL 42 AR PERR B B 48 dn . W3R 3 o,
Sgist s a2, HHP 40P Ca*-ATP [fiff
WP R M (P<0.05), HOE RS HIREE T 73.00%.
53.11% F1 21.13%, K@ & VRS 4iE A &4
TARFRRERIASTE, ZEgh SRt e v FQERURNT | 65
I SRR ek R B, SRR Ca® -ATP fifflg
PERY N RETTBEE B TR TR T Hi st 5 i /K 2 FE iR

IAHEAER, S 308 A4 alAH B AR B8, 3Em5]
RIEVRE G, BUEEEE TR, S5
A E L, JUHIZ WIERER 1 Sk s 3k i S b2 =
JEF Ca®-ATP PgqGit: T 500 55 — RIS, A s g dp
FREL T N R R T R T R R R
24 BEEFREXNKEEEKRAISN
2.4.1 BERZHEBE IMP. GMP il AMP J2& & il ff
GHER AU EE EAZ IR 4H 43 . HHP ACHE )5, K 2
BRAZ TR S R As b s 4 R . AMP 2k gk farp
M EZERBRE TR, HUE GMP FIT IMP., 5 CK 41
FHLE, HHP W8 T ket IMP. GMP. AMP
P i 5L R AZ IR & Bt Horh H250 i, 43 ol
CK ZHfY 13.07(IMP) 1% . 1.46(GMP) 1% . 1.50(AMP)
A5FN 1.53 CRERRAZ TR ) 1% (P<0.05) . 2 gFa5H)
JH 200 MPa 4 P AEEHFEHR 3 min J5 &3 AMP
I IMP & 5 B 300 B B EElS) 7r v AR oy Bk
FEWFSE P M RIS R, DL LE5REH, 1E Y
) HHP AZbFEREAE UF S RAZ A IR 10 AE 0, A3 ) T4 e
R R B B ERHRE IR o
2.42 WFEEARME KM 17 s 23R &
AR AN 4 Fis. BEIE T, B EmE N, HoAh s ®
1R S B 14 W 3 25 (P<0.05), JUHUE 250 MPa T, fif
BR . EBR . BRSO B4l BT E CK 4 2.40
fi%5. 3.12 fi5. 2.49 £%, AR AYEE ., BHR E M, &
e e S5V BIF S 2 B, R v R AT i 3 i v v A ol
fEperp i | EIRE LR S . HHER 4 NN, UEEs et
i ¥ JAE 200~250 MPa | Bt & S8 e 2% L F
(P<0.05), i 7E 300 MPa 5 ¥l I 3 F [ #a v (P<
0.05), 55 5300 = hf 5 FR RS i g AERI, Hizi
B R B S SR U B 3 T g2 i FIUR
T B RO 5 R AR KA T, e s R
B2 BRI KA I AT 15 PR HE s MR A G AR g Il
WG TS [0,

RS LI CRAE IR . FEIRSE) 5 2R
ik BAg gt t R %808 , 38 H LA EUC {EE AT PR 1),
WFFE 7R, HHP 7] b 248 & v AR MRt | il £6 51
SEIK SR EUC 1H, ARWF5E T aRS 2 T AH R 25 5
% 4 Prox, HHP J5 #£ 5 B9 EUCMH i 3% L F+ =
0.18~0.50 g MSG/100 g(P<0.05), i CK £Hf 2.18~
5.98 1%, =W HHP 7] K $& I R 0 fa P iy e ik,
X5 ERTGREWRAZ TR . SR e IR 2 PR T
YA

F 3B 0 U T 4R AR R R S

Table 3  Effect of high hydrostatic pressure sterilization on the myofibrillar protein properties of Larimichthys crocea

215 R G (ug/mg prot)

IS (nmol/mg prot)

W PR 2 B i (nmol/mg prot) Ca”*-ATPHF# 14 (umol Pi/mg prot/h)

CK 7.36+0.72° 85.01+3.37¢
H200 7.50+0.70° 57.57+4.14°
H250 10.71+1.02° 25.41£1.54°
H300 20.32+1.26° 20.5242.52°

81.31+5.12° 0.74+0.02¢
45.3242.04° 0.54+0.02°
20.71+1.24° 0.39+0.04°
18.29+0.63* 0.16+0.02*
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Table 4 Effect of high hydrostatic pressure sterilization on the nucleotide contents, free amino acid contents and EUC value

of Larimichthys crocea

TR 5y CK H200 H250 H300
EREHTTR (mg/100 gl )
IMP (1% ) 0.23+0.02* 1.30+0.17° 3.05+0.13¢ 1.25+0.11°
GMP(&£1f ) 3.24+0.09° 3.89+0.22° 4.73+0.30° 4.62+0.26°
AMP(H{BE) 84.69+1.50° 104.89+4.47° 127.3342.77° 124.79+4.37°
BEWALTTR 88.16+1.43" 110.07+4.35" 135.11+2.82¢ 130.66+4.18°
i B E IR (mg/100 gl )
KA 3.85+0.19° 5.55+0.17° 5.75+0.48° 4.44+0.18°
e 2.57+0.27° 8.88+0.19° 10.36£0.53¢ 3.88+0.02°
SR IERR 6.42+0.32° 14.43+0.35° 16.11:0.80° 8.32+0.18"
LR 2.73+0.13 7.91+0.49° 9.11+0.36¢ 4.98+0.42°
Hamg 3.40+0.38" 15.13+0.54° 16.59+0.84¢ 9.36+0.26°
TR R 6.47+0.35 13.11+0.52° 15.25+0.50° 10.23+0.60°
PR 2.16+0.16° 6.34+0.17° 8.224+0.26¢ 3.64+0.22"
i R+ 21.39+0.96" 55.48+2.00° 66.96+2.01¢ 46.58+3.00°
FHIRZ IR 36.15+1.57° 97.97+2.35¢ 116.13+2.74¢ 74.80+3.09°
AR 2.86£0.31° 6.77+0.40° 6.34+0.22° 4.09+0.35°
AR 1.78+0.16" 2.05+0.10° 2.75+0.14¢ 1.97+0.11%
ik 2 R 0.88+0.03" 2.20+0.21¢ 2.45+0.07° 1.57+0.12°
MR 1.32+0.13" 3.24£0.17° 4.95+0.48° 2.30+0.18"
HEAMR 0.62+0.03" 0.96+0.02¢ 1.22+0.03¢ 0.81+0.06°
R 17.11£0.85° 16.93£0.46° 16.84+0.47° 17.07+0.33
FSEER 1.0240.09° 2.39+0.11¢ 3.16+0.33¢ 1.87+0.21°
SERMR 1.53£0.10° 5.72+0.52° 6.75+0.62° 2.46+0.23
KN 3.04+0.31° 5.55+0.48° 7.44+0.69¢ 4.05+0.31°
R 5.50+0.42° 9.13+0.47 13.76+0.99° 8.05+0.79"
ML 78.24+3.00° 167.34+2.23¢ 197.90+4.03¢ 127.37+1.32°
ECU(g MSG/100 g) 0.08+0.01° 0.34+0.01¢ 0.500.02¢ 0.18+0.01"

T *FOREEREIER, RN TR EEER; R T AR TR ] — 18 bR 28 5 B35 (P<0.05); &5l

2.5 BEERENKEE XK

F42 P 40 J5T 28 e B e 7 7 ot IXUBR g i TR
Ko NIRRT A B R A XUBR i 52, SR
GC-IMS X} H: VOCs AL VAT AE . FE T GC-IMS
ST, FerE AR5 38 Fh VOCs(5 5), Audif 11 Fs,
17 FRPE . 5 AR A 5 ApHABSEYI BT, Sy W & TR
A 2R S B XK A2 1k, Al FH ™ 35 PubChem( https:
//pubchem.ncbi.nlm.nih.gov/). The Good Scents Com-
pany Information System(http://www.the good scents
company.com/) . ‘B H B} (http://www.foodbk.com/)
Al Chemical Book( https://m.chemicalbook.com/) X

5 VOCs PYRURFHEHATHE A, BARA LR 5.
A& 6(a) ks, HHP AHH S KEE A VOCs 45
oK KR T IR, CK P& w20
FLARIE (e AR AN EE SR . LR CRIBEMEIRIAS) . &
P ) e PR R ) 0 OV R 2L 158 (g R ) , HHP ALFEfS
XS TS R R W SRR, R R BTG
AR RBR , HHP J5 K #E A1) VOCs =& 1
(LIHEFRSY), JLHIEWE | 1 A BRI (5 550 B B fnl 13
78, FRBH HHP A]$2 = R8s M i s s34 R PR gl 53 1 &
i, RUSRASTSIRAR, 12245 A8 AT P RS 81) TIE
SI(FR 5) o Ma S5 AEdh it & B0 T RIS,

5 R KO R TR
Table 5 Effect of high hydrostatic pressure sterilization on the volatile organic compounds of Larimichthys crocea
. o ARERINTE] ST N AT i
R ey E T SR JURASE
(s) (ms) CK H200 H250 H300
[E2S
1 1-F15-3-BF 1462.8  883.673  1.16045 68.26+1.12° 145.57+3.42° 212.0748.11¢ 226.77+19.59° BT
- 25 b A A W T
2 2-MREAELBEERE 14340 828.586  1.10456 220.58+12.89" 186.81+4.98° 195.07+8.47° 179.91+6.39° @'bﬁﬁ%h};%ﬁ‘
3 IECE 1376.1 727735 132744 77.85+6.82° 125.38+7.04° 153.169.88° 155.40+8.55° WA, HHEFE
4 (Z)-2-EEE 13431 676.005  0.94604 351.92+19.14° 850.95£52.22°  1078.19£56.74°  1256.92+79.27¢ i, HHEA




%468 % S M e B RN BRI R . KU B 52 - 51 -
&gks
. o RERETE] SERETE R AT ’
T B LU A
(s) (ms) CK H200 H250 H300
R 12625 543.841 125455 M "
=S a b C d Ju s:l/:‘ﬂ
5 1E 12642 546971 150857 D 246.62+2.82 639.65+46.57 908.94+40.95 1136.48+13.57 RS
6 SR 1217.9  467.807 1.24482 104.05+9.49* 182.39+13.45" 178.11+2.83 164.61+9.01° R
7 1-J-3- 11712 397.964  0.94494 1817.32+82.73"  3044.71£80.30°  3129.05+3.18"  3129.32+21.65° HH
8 ETEE 11554  376.099 1.18079 206.45+18.11° 230.86+12.84° 229.60+2.55% 257.54+11.80° i S
9 2-HEEABE 11067 316.108  1.17096 130.3146.39° 190.55+11.69° 167.75+4.82° 151.86+1.85 HE
" 1049.6  263.407 1112 . . . .
10 EEE 10511 264607 125105 330.55+13.41 1062.22+74.99 1444.89+92.24 1673.53+61.06 WA i
11 2T 939.8  193.885 1.12744 2935.64+65.85°  2623.02+25.07°  2769.34+95.38"  2951.79+102.27° PRG T
/N 6489.55+173.27°  9282.11+236.19° 10466.17+184.77° 11284.13+86.03¢
12 R HIEE 1504.7 970549  1.15075 114.12+8.39° 330.43+£21.69° 173.82+12.70° 120.98+9.46° - FHF . REF
13 (E’E%f""%* 1486.5  931.768 1.19366 99.86+6.61° 177.84+11.18" 187.76+10.26" 231.95+8.96¢ HHAE
N . . . HEA, BOR
14 IETEE 1401.4 770237 1.47188 214.97+12.52 213.43£15.92 207.24+10.68 216.0249.25 T
15 (BE)-2-BEmE 13382 668.519  1.25717 28.53+2.49° 46.74+2.51° 58.3042.20° 70.34+4.52¢ HHAE
. 1299.5 613.083 14076 M . . . |
16 IEFE 12007 61335 182116 D 311.57+14.27 466.46+11.83 708.35+39.33 806.16+37.60! R
17 (D)-4-PHEEE 12517 524391  1.14741 122.26+5.53° 513.92+26.07° 821.65+49.31° 825.65£62.51° HEE, KEF
Lepe 12279 483936 117955 M . N . PR
18 (BE)-2-BEfilE 1281 484198 151379 D 321.94+12.63 707.93+28.98 885.76=40.04 1143.00+£76.30¢  HHE ., KE
1193.6  431.043 133662 M
il a b c c | =4
19 IR 11933 430482 169742 D 1119.32+£91.02°  2119.78+76.09"  2721.89+£258.04° 2916.87+153.04 [l
. 11456 363203 1.10639 M , . . P
20  (E)-2-NMim 11447 362082 136189 D 844.26+77.69 1573.44+0.76 1753.13£75.84°  2267.56+93.37¢ T H A, BAF&
1097.1 305456 125941 M . ) . . -
21 IECEE 10986 307138 156265 D  1404.06£13657° 3332.83246.02° 4764.77+427.55° 473220431455 EREAUS
22 (B)-2-THEE 10608 272.757 1.03505 267.89+20.15°  417.31+10.35°  444.81+23.99" 552.55+39.14° FHk
- 997.9 224161  1.185 M . b . o RFE. REEH
23 IE 0087 224731 141805 p 138721413633 231528£157.15° 2734.62+18746° 2658.44+157.52 e
24 2-WIETEE 9225 18573 1.15759 135.15+7.83" 165.90+4.91° 158.58+12.71°  130.86+11.01°  AKEEMhEk
25 3-HEETEE 9244 186.604 1.40305 3121243021 821.52+79.37¢ 386.58+28.89" 261.69+£28.66°  KFEMLKER
" 8833  168.574 1.11444 M . b . 4 -
26 TR 9812 168929 128141 D 866.73+70.67 1949.30+85.43"  2376.89+110.03°  2670.17+78.59 ERE
27 N 800.7 137.39  1.1448 4800.48+312.31°  6161.73£65.92°  6436.99£358.28" 6757.36£159.99° REFH HHEH
28 3 675.9  100.891  0.95682 1649.36+12.30°  1556.49+36.19°  1512.04+59.52°  1416.50+21.00°  JulFgtEmEmR
N 13999.83+772.02° 22870.33+678.15" 26333.18+1239.28° 27778.30+662.10°
[EES
, 4 13006 614638 106018 M . P . - -
29 3-FRAE-2-THH 12080 612305 132954 D 1134.90+71.44°  2304.29+213.51¢ 1933.98+174.59° 1621.42+148.97° & . IR
g 10371 253315 10769 M . . . .
30 L-JRHE-3-F 10371 253315 130855 D 787.33+69.73 1246.00£116.89°  1563.19£151.48° 1726.93+166.80°  fafy, G
- 997 223501  1.11094 M . . . = '
31 3- 13 il 0965 223146 13538 b 267.54+18.15 723.96+7.08 943.31+79.40 1276.27+94.26 RN i
- 905.6  178.142 1.06073 M . . . \ —
32 2-T°fi 0096 170014 124404 p  4002.69+215.99° 3702.804264.24" 4168.20+186.32" 3650.89+267.80 R HER
33 2-P 1 825 145.895 1.11911 2366.95+121.13*  3142.52+166.82" 3566.89+226.57° 3151.47+248.54° R
/N 9219.41+60.88"  11119.65+635.29" 12175.57+476.00° 11426.98+656.32
HoAth,
34 2R 1476.4  911.053  1.05252 1603.03£17.22°  1452.55+48.78"  1305.97+65.12°  1313.10+87.14*  JulytEmank
35 TR 1317.8  638.756  1.22241 125.72+10.89" 353.99+30.16° 358.92+32.46° 276.62+30.54°
36 CR B 12423 508.054  1.34026 693.65+26.32° 462.71£15.99°  441.74£13.86°  421.12+18.66° SIS
37 2.k 12382 501.1  1.25341 27.82+1.81° 64.83+6.90" 77.90+7.17° 64.98+5.14° R
38 PR 12326 491.699  1.06081 103.80+1.22° 119.48+3.20° 114.33+9.57 134.91£10.11°  #itE . H1F
N 2554.02454.41°  2453.56£77.35"  2298.86+97.07°  2210.72+105.21°
Bt 32262.82+950.70° 45725.65+685.11° 51273.79+£1023.14° 52700.13+387.64¢
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Fig.6 Fingerprints (a) and percentage column plot (b) of VOCs in Larimichthys crocea with high hydrostatic pressure sterilization
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