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Abstract: The effect of high hydrostatic pressure (HHP) treatment in preserving the quality of cultured large yellow croakers
was studied in this paper. Changes in pH, a,, TVB-N, TBA, TMA and TVC were analyzed after HHP treatments under
various conditions s (100, 200, 300, 400 or 500 MPa for 10 or 15 min) and after subsequent storage at 4 ‘C. The results
showed that increased pressure could result in an increase in pH and TBA, a reduction in @, and TVB-N, a slight rise in
TMA and a significant decrease TVC in cultured yellow croakers. During 45 days of cold storage, pH and a,, in HHP treated
cultured yellow croakers increased firstly and then decreased. HHP treatment at 500 MPa for 15 min could effectively
control TVB-N and TMA, which were increased to a level not exceeding 35 and 5 mg/100 g at the end of storage (45 days),
respectively. Meanwhile, this treatment resulted in a TVC value of 5.7 x 10* CFU/mL in large yellow croakers. Based on
these results, HHP treatment at 500 MPa for 15 min is optimal for preserving the quality of large yellow croakers.
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Effect of High Hydrostatic Pressure (HHP) Treatment on Quality Preservation of Cultured Large Yellow Croakers
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A Nl EAERE S RAFERA R .
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500 MPaZ& {1 AT 8 i e Ab B, ¢ B LR B (/] 10 mingk
15 min. 7EZEE (20 C) &4+ N HAKIE LA T,
PL10 MPa/sig % T4F .

1.3.1  pH{ERIME

B Ab 33 BF R () 1 10 g TR B, N84
KEFZ100 mL, HFEE], FE30 miniZH, hIEL
IE P E PR pHI 2, AT 3 IRIE
132 a &

K FINovasina LAB-H7/K 733 B A B0 FE i i a, 1E
ATIE « FREUAELS5~25 ClER FRE R R M O s H PR
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BB FRLMAERS G L (IR L ERERD JFE
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FE A PR a8
1.3.3 ¥ RMHEEHIAE (total volatile basic nitrogen,
TVB-N) {5

RAEGB/T 5009.44—2003 (A5 Pl i 1A A ife
43 #7730 O, FREXZ110.0 gfa A B FHERIm S, I
100 mLZ&TRAK, ABREE, 2530 min/5 d & H, K
PG RS B e 2808, Bl o83 IR
1.3.4  ACEELZE (thiobarbituric acid, TBA) 1H ¥
M

TBAE M & S W SCHk[16]. BL10 g )M EA
FHRHERGES, MAS0mL 7.5 =8 L (&
0.1% EDTA) , #R#£30 min/a M ZJEA L E, H
5 mL 0.02 mol/LIITBAWK, #h7K¥# 1 {RIE40 min, HUHA
HJG 05 min, EiERINS mLED#E2], §E 752G
3B ) #E532 nmAT600 nmi KAk i Ebf, 00
FEFEH LN ARTHE

As33 A0 m

155><% X72.6% 100
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135 V& SEIE

HRHEGB 4789.26—2013 (& Mk ) U,
F5 T T A R FR AR B (O FE 5510 g5 3 [H] 100 mLAE
FRERK NN KB =N, &%, fEm1:10 (g/mL) 1
P50 . 1 mL K R W R L 10 X 1 mL,
B FBEAON EZ1 emib, WEREENEH9 mLKH
(EEKE , JRAIRINL: 100/ R B . S mLKH
WA, % IR PR 10 s AR . bR
Be—, N — X1 mLKEWRE FERSRE), ML
1077 REAEGE MR A4S
1.3.6 =% (trimethylamine, TMA) {0l 5E

B ITMAREAN0.00. 1.00. 2.00. 3.00. 4.00.
5.00 mLo 58 F125 mLar e -FH, AR AR ST 2
5mL, 73 AT mLBRERHE VA . 10.00 mLHI 2%
3 mLEAIBR BRI W, FH JHR%E ] minJ5 i3 ES min. ¥4
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125 mLAME 4, ABES mLAKMES AL, LR
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MHRFE RO E S TAEINZE, RIBHM I TMAS &,
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Table1l Effects of various HHP treatments on quality preservation of
cultured large yellow croakers
JEH/MPa I . TVBN(E/  TMAfH/ TBAfA/ Rt
(BfFl/min) P ' (mgl00g)  (mglodg)  (mgl00g) (CFUmL)

Bl 672010° 09010001 7244001 050810002 030840002 2.1X10°+14X10°

6812001 08630001 665E017° 2903001 97970005 4IXI0E14
6831021 08610001 6592016 307005 100740066  34X10°E56"
400 (5)  6TIR002 08752000 6843006 21003 7500002 3IXICELIXI0®
400 (10)  6T7H00I 081010003 6792001 2463001 87600007 2X10°+28X10*
400 (15) 6813002 0865£0001" 6512023 3012004 9699£0119  93XI0HI4
400 (0 6B 074001 S61E03F 3RE000 122720350 4IXI0E1D

100100 6702000 08M4£0020° 70920017 19RO 359820011 14X10°£28X10°
00 (100 6733027 087710001  698£002%  195+007 412940012 28X10°+35X10°
300 (10)  6784025™ 08720003 6862005 2331001 669610004° 2X10°+28X10°
0)  6T0£011%  0869+0001° 6802001 2461001 87600007  2X10°+28X10*
)
)

e FSERA NG FRFRZEREE (P<0.05) « R,

MR ISR, BT iR 0 R pHAE 26.72, TR
P, JJR/ANGTFE S I pHAE A B E % 7 (P<0.05) .
e R AL TR S () 3 PRI pHAB S AT BT, SRIR/K 4 B3
AJ BB AT R A B T MR AR, A AT AR R
MR R AR GO LR AR, E R
G il 1 e T R R R A A1 R

a, BA R M AR K, (BEREREMAEMEZ
TIEFE AR I AE R . IR AT, BE A AL3E R 77 3
K, Rt RMa, 2 FREEH. KRG a,
HREMHER (P<0.05 , XA, N0.901. a Xl
e e 2 T R I R ) 32 B R (R a2 B v R R B K
BN B, A, R SRR K A IR RE
W OKSAGZERD , RedR Bt FEEYR H A oK 55

kb, R TR

UM 7K 77 R B FE (R R 3R 2 A B A AR,
XL IR 3K 2 [) 2 ELARI 200, Hrb AR 51 AR it
B R FE R . Gram 5P 78K 7 i R BRI
FESE LR E M I AL R A i . BRAL D B B
i AHUERS = AEA AR RI R, 577 e EAS
Wekesz, mFRIATAL, BEAE RSB, VR AR R
FEARIETA o TR 7R /NS FE i I B 78 Bl B 2
(P<0.05) . H4JE5R/NT300 MPaltf, 3K AH K58 5 fE
BRI VR A, ARSI R, WK
Ao AR LR, BAl—RHIIG I R 0 TR R AR B AN K
b3 R 34500 MPaltf, BV S 40 3.4 X 10°CFU/mL.

TBA{A 7] LA Ay &y i R SRR B . BRI mT
K& ) TBAE B R ) 3 nmi s A EF, 0 dis Xt g
41 TBAME 40.508 mg/100 g, 500 MPakb ¥ J5 TBAH 7t
910.074 mg/100 g, 7 W1 i He AL B 5 I TBAE &
FBBREW . KK I TBAE A B34 M2 7
(P<0.05) . HEEGE RGN ED LAEGNAE
FIRAAR Y, AT 32 ARG 5 A

TVB-NAH A& I B 2 (o & 5 B i 3 i — > 2
fabm, K7 RO FE R, TG B ) AR K B A
Wi AR A B 0 40 AR T A M 2 R A B R
Foms & B R, NRIAT LA, 0 dif, XHIEA
TVB-N{E 47.24 mg/100 g, 500 MPa. 15 minkb¥ 5 4N
6.59 mg/100 g, TVB-NAEFIFEACE T s kb )5, —
5 THI 5 #0138 A5 TVB-NAHE P E B 2 S R R it 5 7K
SR, AT T RS, AR
WA BRI G4 T AR, 456 T3 39 a2k
Y. TVB-NEBEE & 703 28N ks, Ak
INKFERITVB-N{EA BEHZER (P<0.05) .

TMA K84 COUH R 03 A NAFERA
HTMAZ He bk IR A 1E SR /B = A1, & EpEE
FPREERE (R BTSN M AL R 559100 MPa
1200 MPaltf, K# i I TMAE 5 JFEFE X 5K K,
500 MPa. 15 minji 7+ 43.07 mg/100 g. [E /1 K/ RE
I TMAE A BEM 2R (P<0.05) .

2.1.2 FREHOKUE B & IR bR E AN [F) R R B[R] P9 1R 284K

MF AT LA Y, 78400 MPaff i 5, &S HHIN
B AR R R, BRI AL AR £ R I (]
SR 2T 7 TH K FH 400 MPakbEE . K3 1 7£400 MPa%k /4
T AALEES . 104 154 20 minE, 20 HTRE S & 6 bR
A, RLEIR, FF 5 pHAE BE DR 5 I (] (4 48 K 1 A5
b, RIER AR SpHIE A R ZE S (P<0.05) .
[F] — s R AN [] O s I ) 2% R 2 eSO ot A3 i s
P 3 B PR R R R R R B AR, 2 R i ) R R
KA . FE 5 R a, Bl ORI R RE KA R R, R R [R]
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SR ha, TR EWZER (P<0.05) o a, ffECAT RESFS
BB AT D R AE F s (B a, [ BT 2 00 a1
FBACHE AN B e Fr o 8 B TA) 5 BE S TVB-NH
HFREMZER (P<0.05) , B FIER A K & A 5
MG VAN W), ) T B AR A R . RS I TMAE
B O B[R] SR T 36 K, R B ) X S TMAVE A W 3
2R (P<0.05) . TBA{HZE~H LB Y R AR
2, VMR REAARE ) — DN EFR . IR I )RR
TBAH BEMZER (P<0.05) , {5 A#K 22 i3
PIRG4Sk o ORI TRD B VR R O R T
(P<0.05) o PRI, PSR BRIA S . & R
Woe T EEMRNARM, H2, M400HE5kE XKLz
—EAEJE, AR R R AL B R, R R SR A
AR, RAT 45 A HAR R A FE 7 AT DAsE— SR A
AR

22 AN[E]HE ve  A B ) R B K B A T R 0 [R] 5 TR b
A5 4k,

221 X FRAE K B 0 pHAE ¥ 5 0

£2 BRELCEMALHENFERE ARG CRENApHETE L

Table2 pH changes in cultured large yellow croaker samples without
and with HHP treatments during storage at 4 C
TP 0.1 MPa G
i ild (W) 100 MPa 300 MPa 500 MPa 500 MPa
(10 min) (10 min) (10 min) (15 min)
3 6.66%0.06" 665H004" 6751003 6762003 678+001°
6 6641002 6631008 6691001" 6762001 6.760.03°
9 6631056 6561006™ 6602002 6.69+001"  671+0.01°
12 6AF05" 6661003 6751001 670+£001%  670+0.01°
15 6.50£001" 675£002% 6743002 6741004 67810017
30 6481001 676+004°  678£003"  679+002°  6.80+0.02"
45 6411006%  680£0.02°  6831005"  680£003"  6.7940.03°

W AT RRAR RS 2R R EREE (P<0.05) . TH.

2T DA Y, AR A PR K 3 £ () pHARLAE I 5 5t
FRBE, O diNtGIBAL N6.72, 45 d)EFEN6.4L. e R AL
PRI A K A pHAB P S H 12 d A2 A7 I R R, i e
WINAAFRFEEER ETE . Wi, A F R A FERE
fIpHIE A R EMEZE R (P<0.05) o {4504 W10 5 19 Ak
AR, ATPHIBERRIERSY0 /R, 7= Bk Sm it
Y PREE Wt TR E S B R, PR AEER
PEBIE & B 2 pHE B I M IS TR AR pHE 2
GE B =3 bt — PR R . R, pHAE R
AT — AN IEA G Fa A
222 SRR K B fa, 1R

MEITE B, xF 8 4L S 56 41 1) a, 76 0 58 300 1)
Jdo BFHE N, (HAERE KK BT, o 2T
B, FERMT SRS B HKE B LARE . 7E
e AT ETE, BT E R AR, &
Wi Tof ) 2, 2 MR TS, 84955 B S0 2 BRI

o Wil A A ] e s AR B R X e A TR R
(P<0.05) , KEHAMa fETXEH. o WEEIKATRES
B A AR U T ORI E R, B fiRa,, R IR 2 00 1
HOLWAEY M B Eae ). SCIR], e R
PR RS a Ma,, AN TSR REE, R a, #R 347 R]
BRI EN

£3 BRECHEAKRCEBFEKE AT CRBEDNGGZL
Table3 g, changes in cultured large yellow croaker samples without
and with HHP treatments during storage at 4 C
b
3 el 0.1 P 100 MP 300 MP. 500 MP 500 MP
(i) a A a a
(10 min) (10 min) (10 min) (15 min)
090240001 0.87810.001°  0.881£0.003  0.867+£0.002"  0.86420.001"
0.905+0.001"  0.88320.001™ 0.885£0.001C  0.871£0.001°  0.86920.001"*
0.9060.001  0.891£0001° 0.888+0.003* 0.875+0.001° 0.87240.002
0.907+0.001”  0.901+0.001  0.891£0.002°  0.879+0.005*  0.879%0.002"
15 0.8980.001  0.898+0.002° 0.886£0.001° 0.876+0.001* 0.875+0.001"
30 08780001 0.88910.002° 0.87420.004" 0.871+0.001° 0.870+0.001*
45 0.873£0.003*  0.879£0.003" 0.868+£0.002" 0.877+0002 0.865+0.002"

o o W

=

223 AEE R IERE I 1 TVB-NAH 1 5401

R4 ERRCEARGERFEAE AR CRESINTVB-NEE L

Table4 TVB-N changes in cultured large yellow croaker samples
without and with HHP treatments during storage at 4 'C
mg/100 g
s EHELE
I 0.1 MPa
B l/d i) 100 MPa 300 MPa 500 MPa 500 MPa
: (10 min) (10 min) (10 min) (15 min)

31003020017 9877H0011% 812740012 12.11020.104*  10.953£0.021°
6 1799310566 185530574 1767720015 1540720618 12.797+0.127™
9 27.163£0006° 20873+£0.012° 1623310011 20.537£0.586™  20.130+0.641"
12 359374£0006% 32730+0010°  24.84710012"  25.68310.006° 23.883+£0011"
15 4583740508° 4L713+1154C  31503+1155°  3023740453°  27.557+0.384
30 8781701107 69.967+0473  56.84010.035" 303870514 30.577+0.185"
45 205313100465 150543£0769° 9101720263 35503 1.132° 3313740962

K #E A BT A TVB-N & B 1 % 3k 72 1
BRIEIN, 5 CRE B R E L . AR AR AT, Xt
HECZH R0 SI2 56 21 B9 TV B -NAH Bl 5 I8 g ][] 2 4 1 384
{H R AR R AL B B AN R B g2, fH 2 SR 2 i
A B R B (] R T4 HI TVB-NE ™= 4. Siied 5
XA R, BEFERM T REAPN NP TVB-NK &
&, FEnA RS K, TVB-NEE NS, b
R SO RMF, WHE M TVB-NAY Ot i 24 & ke vk,
M 28 3 8 v 0 ) #EAK 125 mg/100 g & /i
v R R TR M, E R R R R
WA o 53 PN AS ) v e Ak B PR S X6 TVB-NAE A 2 3%
MR (P<0.05) . SLIGRM, HE & DU B
RTVB-NM A . TVB-N/H [ 52 1 A& W ks
TVB-N<25 mg/100 g, fR4F; 25 mg/100 g<TVB-N<
30mg/100 g, F; 30 mg/100 g<TVB-N<35mg/100g, 44
£, TVB-N>35mg/100g, ).
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Table5 TMA changes in cultured large yellow croaker samples
without and with HHP treatments during storage at 4 C
mg/100 g

, L
il 0.1 MPa (i)
g 100 MPa 300 MPa 500 MPa 500 MPa
(10 min) (10 min) (10 min) (15 min)

3 172340067 1906%0.121° 256020017 1.850+£0.069°  2.87310.065"
6 14670011 2.080£0.121°  2009£0.137C  2.167+0.063™  3.011+0.010™°
9 161750012 231320.144™ 273010156 233320.006"  2.833%0.127°
12 3740+0451C 305740029  3113£0040°  2427£0092"  3.10240.199°"
15 1288020156 1197740820C  6.160£0.061" 29230051  3.06320.064™"
300 20.090+0.086™ 1916310681 1606710.150° 340710275 3.283+0.109"
45 338570.050% 2792340629 2089310755 62220468  4957+0.064"

e I R 2B AR A TMAEAL Y, =& —Fh Bk
EEARNEY, EHFETBERNIIGR, HHESEE
FHKFEMBIRRSE . R =AY RN RE (A [ 1 2
A, RSN, B P AN [ R AR B R RE SO TMAE A
BEMZER (P<0.05) o BEEGE AP EK, XA
FISZIG 2 A TMA B YT 1 Th, R s vk o £ A i 3 7
TR BRI R fh MBS0 IR11.723 mg/100 g b T+ 5145
45K11)33.857 mg/100 g, M£ 1500 MPaffAbEE, FE i 28
45K [ TMAME 56.222 mg/100 gFl14.957 mg/100 g. A Ab
I RE R AEA C AR ORI, ESE21 ORI 10 mg/100 g
HNERTMAG &K B 4R ER, FERZ500 MPakh
HJE, EHASRTMAE MA@ EIR, B & E
A HRTFHH EATMAREEAEH, 80 TMARI A B
225 SN IR K I I TB AME 520

£6 ERRCEARLENFEARARNES CREMATBAESE L

Table 6 TBA changes in cultured large yellow croaker samples without
and with HHP treatments during storage at 4 C
mg/100 g
i R
871 0.1 MPa
/d (W) 100 MPa 300 MPa 500 MPa 500 MPa
(10 min) (10 min) (10 min) (15 min)

3 1434£0023™ 199320007 200420012 2968£0.061°  3.077£0.187F
6 124940082" 387420003 654130094 4915£0087°  5811+0.266%
9 13030012 3497£0021%  5.942£0854C 3301200097 4594£0.174”
12 97070008  6.198£0.006" 584520005  5404£0271° 441140051
15 13299+0430°"  9.008+0.007*  4984+0079%  5.067£0.067°  4.105+0.108"
30 20427£0075%  1951120003° 1013710035 647520032 3.39540.033"
45 3375620225° 2781120002  16.58610011° 641310021 4330+£0061"

MEOKRE, BT RIELA100 MPakhHLFE S I TBA
(B2 Bl A CRIBON ) 2 KT 38 n ok, R 280 v i Ak 3
FEM I TBA(E#R B T, Hotn i i 7780k~ B
AR o TSR P A [ R A AR S TBAE A B3
PER (P<0.05) . JG A ETF2 i T i a8 KA
15 8 B IR, I BT AR W R s A, (H 2

e R AREEORE A, HTBAR) & BIE R AR T AR AL FLAE fh 72
)0 RS TR] Fr) 2 . Wada™* Ay ren AL #2077 460
M W AR R B F S P R R, R T )
T BRFAAC R BB Bk, ABE A
BRI EM KA K6 UG H, = ERIR
J I 18] Ry AR 2R T A R R TBA R 4, AR TR 1k
GRYORVEER A

2.2.6 B IO FRAE K B AR B VA S B S

®7T  ERECEMRAENIERR AR HTES CREBN
BivE RBCEL
Table7 TVC changes in cultured large yellow croaker samples
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