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1.1 ##

e T% 65 W BN T IR SR R BT g, R K
(42.2 +2.1) cm f&JEE(1.43 £0.21) kg, 7]
e Sk BOL S, Sk RN F R UGS
FRWLAL, VIR 3 em x3 em x 1 em R, T2
WHASBHIFEETIKGT,

1.2 KRR

R A R R KB R R R
FR5TAE 2 vl s JEM-1230 3% 59 45, H A JEOL 24
] ; Ultracut E #8Y] A L, % #b Fi| Reichert-Jung
Nl TA-XTplus Jii #4943, B Stable Micro
System A w] ;722E #UA] WG4 66 BE T, Bt
X AR A R 7] BRAD i 3 VR B0 L, 1
JOUAN /A7) ; WSC-S 8,251, ks R4 28

HRRAR]
1.3 g FH*E
FRFHELE BRI E TS ER

s ARIEE 50 150 300 450 1 600 MPa | {4 /&
AP 15 min, S He e B T He R S 3 2
15 MPa/s, HI I FEAE 2 s PN 58 B, P IE J B2 DR 45
(14.7£2.9) T, HNAFFEIT 6 UK, LIRS H
FERAE 2 IV IR

BEWFE CKAEEUH, T 130 Tl AL
2 min, I A 1% £ 51 50% 7K , 4% Z2 i #% 4 min,
IBCHE N7 B 8 R A T IR TP o PEE AL 45
LIIINZRM 6 2 NS4, HARTE AR LR 1,
B SR TG R N IH TR B A B 430 0. 15,
0.20.0.35.0.30,

F1 HERBETERE
Tab.1 Sensory evaluation standard for
A. nobilis muscle

. 176~94  —fE3~64  20~34

EE,L, good 6 ~9 normal 3 ~6 bad 0 ~3
description
scores scores scores

a7 color  {AVEIFH EEER IR T IR
AR FORUAR FORIG T TR 2
odor [ RES] JIE R 1] JiE R A
AU 05 A i 5 PERTEIR LRI 2%
taste JE RS JERR B A
MW PABESRPEL PR A A PR BT
chewiness G I 2 — % MBS 2

EE AR ENE R 2ZETHE A
L™ a” b"{H, DEREREN  KAE s T 2 om x 2
cm x 1 cm /N, A {45 Sk 15 3% 5 HDP/BS,
DT R -1 mm/s 5 YU B 2 mm/s ; S
BRE 10 mm/s; FRAGIEES .7 mm; fil & 77 5.0 g fiil
R B 3l B R A2 %2 . 200. 00 pps. M
KRR E T 4 CUKAR A5 1 h, B2 5
8 .

pH fe 2L R A2 2 PRI 5. 00 g #
A, INZEAR K 2= 50 mL, 273, % & 30 min J5 &
O, e B pH. 2 B8R & 5 R AT
P E o

Ca’* -ATPase 7& P64 M| &
HE T

RMEMIE I AT TR LA L
LI 1 mm’ 22 A B /NBR A 2. 5% 1 R
W 4 CREESRHG, FBERRZE thif S vere &t =
U T 1% WHRER A WK 1 2 2 he BB SR K
Spurr AL A0 3, KA 3 4 B9 A L FE Reichert
Y] L) L 3R 70 ~ 90 nm Y], 47
TR A VA TN T TR DALl 50 %0 & T R V5 VR A%
Juft, 15 min J5, 78 JEM-1230 737 5 o 55 o 5%
E{SJiEN

BHFEHH BRI LRI £ bR 22
(mean = SD) BB X KoR , & HE s 2 501 At
SAS 8.0 #1775 23 (ANOVA) Fl i A 50 .

2 iR 53he

2.1 BEREER

& 2 TS AEAN ) g AL PR AR T R IR
MARATE DL . HH% 2 W R AT 8 e s
of 8, 15 14 5 i) AS B 82, 600 MPa &b B %o} £ A 6,15
BASFIRZ o H R g A B AR 1 A A AR
A R EL WG 2, 60 £ PR ) R R AT JIT Ok 553 , ¥4 B B T
5 55, £ PR T MELE 82 I 5 T ) P 385 R AS T 42 5
FFETHRF XK dh R B R BRI &,
1o A R A Y S AR T3 e TG R4, 300
450 F1600 MPa Ab B X} £ A I8 E i 50 2l R AR
BB (P <0.05) , Hirp 450 MPa 4b B 20 1 J&k
HAF R o
2.2 @

3 NS HAARNN L ,a” ,b" A, L {H
FORBUOIRE , a” TR 7 M BUE, b~ FoR
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W5 B . 50 #1150 MPajh FEXF L fE 1) 1
ASARK, A HHE J7 =300 MPa B, 8 fa B L
TR B 3 RS BTt 45 A PR ] 25 57
FHE TR (P <0.05) , U] & R 5 & H
JRFF AR PE , {8 £8P 52 BRI WL, e s Ak 2
Ja,a" (HBFE TRE(P<0.05) , BE/E HE T %

J5 BT RIS, 300 MPa kb PG FE B 5K, o 4
{5 AT B S phy T ILAL 3R e e TR T R AR AL R
ARPERREC I SR A . R 150 MPa
B, T AL R A5 4 w5 8 Y b7 R, J P 300
MPa X} b " {HEE K .

K2 TREEELEE AR E MR

Tab.2 Sensory quality of cooked A. nobilis muscle unpressurized and

subjected to different high pressure treatments(n =6)

AEFRIE @ LS
pressure color odor

XF B2 control 5.50 +1.32 3.40 £0.53
50 MPa 5.63 +1.48 4.03 £1.00
150 MPa 5.00+1.73 3.37+0.64
300 MPa 5.37 £0.55 5.67 £0.58
450 MPa 6.00+1.73 4.37+0.55
600 MPa 3.67 +£0.58 5.30 £0.61

AUS W g2 =Yy

taste chewiness total scores
4.33 £0.58 2.67 +0.58 3.82+0.24
4.07+1.10 2.73+0.64 3.90+0.18
4.73 £0.64 4.37+0.55 4.39 +0.59
4.70 £1.13 6.40 +0.53 5.50 0. 58
5.63 +0.55 6.30 +0.61 5.64 +0.64
5.63 £1.10 6.70 +1.13 5.59+0.71

3 AEAEHREXNBEIABENZE
Tab.3 Color values of A. nobilis muscle
unpressurized and subjected to different

high pressure treatments n=6

AP T I . b
pressure

XFHRZH control  56.50 £1.26%  2.40 £0.72*  5.97 £0.25°
50 MPa 54.13 £0.73°  0.51 £0.97°  6.26 +0.72"
150 MPa 56.52 +£1.90% —1.44 £1.40° 5.91 +1.61°¢
300 MPa 67.13 £3.79° —1.81 £1.49¢  8.83 +2.40°
450 MPa 74.83 £0.30° —0.57 £0.42®°  7.35+0.91%
600 MPa 77.91 £0.47*  0.32£0.11°  7.67 £0.19*

V< AR )5 B 5 25 5 .35 (P <0..05)
Notes: Different letters in the same column indicate significant
difference (P <0.05).

55 46, 18 1) e A5 5 88 ( Cyprinus carpio ) " fi:
a4t tn A TR R IR A I — B, R
e X e R B e LT A A b7 H Y 5 e R
PRl B SR T R Ak AR AN R TR
2.3 WEE

1 S 7 AR [R] HE 77 4 B £ PR A B ) 28 1k
T Bl R 3, R R (R SE BT
T ,450 MPa LbPRZL A B RKAH 9. 07 N, 2 X
201 2. 67 5,600 MPa b P 25 () i 25 {5 w& AR T
450 MPa LbPEZH , (H 25 R A 2% . S04
R L350 o T 0 R, DR o e R AT T 8 A 1)
B2 $Em TR EITE, 25 K 77 =150 MPa B, i%
AR+ 3 B3 (P <0.05) . JH# & R G40

£ BRI R B, Ao 0 A B8 U5 I A 2 HE A 15 s )
IR B ) G TE AR DG o PR B I T i
F T R T 5 S ILER 2 1 00 T AR S Pk P 8, (5
s JI3ERE) —E R BE (40 800 MPa) , iy 1
168 86 (SO, 1T 3 18 PR R A

12,
10} d d

8t
6+
a ab b
4+
2 - ’—‘—‘ |__‘
0

St B4 control 50 150 300 450 600
KB S5 / MPa

pressure

TERE /N
1Irmness

f

B 1 AEEDITAES S AR E RS0
AN PR R 22 5 B (P <0.05) , R Al
Fig.1 Firmness(N) of A. rnobilis muscle
processed at different pressures
Different letters in the same column indicate significant difference

(P <0.05) ,s0 does the following.

2.4 FEREE

T 8 R S 5 i) £ 288 XU R 5% 1) T 2 i
Ao T2 AN R A B £ A R R S 5
Mo, FH P2 AT R R R AL B AR b S R T
PN E S 5 (P <0.05), H 50 F1 300
MPa fbFHZH i Z LA & i LU AT RRZH 7Y 0. 62 mg/g
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A EFET 15.19% F117.89% , Hof kb ¥R 20 1) 4
FEXF BEZH BT 6% 2647, 3% o AT LA R A fH 4
1o AL 3 6 PR I 05 A 2 UG REZH B e 55, 3
1150 MPa &b B 41 (1) 48 5 0 B AR T 50
300 MPa 4bHZH | HJECE P E 10725 8 AR T X
WL, 3% AT RE R T 150 MPa gb B2 (1) 52 I 2 Jk
FRUNAS SR AN H 2 R o s . P 2 BT 1
B F M R B IR ) 5 R R R 2 )k
SR B 2R Pk 56 R, NURAY 4517 [ B 55 th 3
B , ¥ S fe: £ 4% o B 2 R R B T 7 (220,250
Fi1 330 MPa) (28 A B A AT o

0.75 - .
_§o0m} c 4
20 o 0.71 F —
2E 069}
Z 2067} b b b
o g 0.65 |-
2 E0631 a
ﬁ;om»
W 2059

§Qm-

0.55
%} B 2 control 50 150 300 450 600
KBS / MPa

pressure

E2 AEAEAXLGEMNFESRERSENHI
Fig.2 Content of amino nitrogen of A. nobilis

muscle processed at different pressures

2.5 pH

BEESEIILIA Y pH hy 6. 76, 8 S R AL LS ,
I pH B LT, HH 80K, pH sy, 4540 BLH
)25 5 35 (P <0.05) . £ 50 ~300 MPa Z [ii] i,
pH BfiHs Jy iR E Jt,300 MPa 4bF2H (1) pH ik |
7.39, 2 )5 pH [ b FH# A8 9% 450 F1 600 MPa Ak
PR pH 3 7.44 F17.49 (K] 3) o >R 100,
300,500 1800 MPa X 414 ff AL B 10 min, 4
B L R AL B SR pH b TR 4
P AR o R S TR B T 4 kA T
fefi— L6 AR, 2 o SR — S Pk 2 R
KHNE A REE S8 pH ETHEA
2.6 Ca’’'-ATPase iF4

Ca’* -ATPase 1514 V5 T WILIE LT 4 LEK 5 (1 1)
BRI RGPk 5 BT T8 AR,
SR ARBER A o B4 R 4
AbFEXT L ZF 4k Ca® " -ATPase TEPEAYFE MR, 242K
AR 7 50 #1150 MPa fif, Ca® " -ATPase 3% 1
d X BEZH A9 0. 191 wmol/ (mg - min) 43 5] F [ %

0.188 1 0. 186 wmol/(mg - min) ,{H 25 7 AN i &
(P>0.05), 4 J1 # 1 150 MPa Hf, Ca**-
ATPase ({43538 3 e, X 5 KO 2517 sy 4
J—3, 300 MPa DL I /¥ 1k ) REAS 1 3 FRAIK A
¥ Ca’ " -ATPase 514,300 F1 450 MPa &b ¥ {ifi it 15
A RIREAR T 24. 2% H162. 2% ,600 MPa LbH 5 | fiff
AR B U S 2 — o AT o JAO 251
fu R BUYIEREE (9, 158 Ca® " -ATPase 7515 1 F Y
WP AL, %& P 150 MPa ] DL )i ] Ca®*-ATPase
50% LA_b- T , 5 A SE B 1 45 RN [R], X AT RS
T LER R 1 AR S AL B O ] T 8K

300 450 600 750
AbBEFE J 1 MPa

pressure

0 150

3 AEEAFLEXEEALA pH #9500
Fig.3 pH of of A. nobilis

muscle processed at different pressures

Ca?*-ATPaseiF 1 /
[umol/(mg-min)]
Ca®*—ATPase activit

0 150 300 450 750

4P J71H / MPa

pressure

600

4 AEREHITLIETEE Ca’ -ATPase i1 HI 2200
Fig.4 Activity of Ca’*-ATPase of of A. nobilis

muscle processed at different pressures

Ca®" -ATPase JEPEMREIRE I 5 B 1B
WUERER (1A M, 56 T2 P i 72, LEDWARD ™
WATERIR AR A e /7 (200 ~400 MPa) ', 14 i
22 FENG IR E T IR R AR, S R PSSk 3T
S1 1 S2 Bl A, SR IR LER 3 A S TSR AR A
— %, R S SR A E SN T B LR
TR, AR EUKTE BT, 30 B TR R R
VERITE  WUBREE 3 Sk A0 A 7K S5 P 3 R, ol 3K
[ FiER K PR NG , 5 B8O R SR B . R 150
MPa {4 £ 4b 2 10 min, B & 2K (1 i R 46, Ca®* -
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ATPase fitfih RIS 60% | [R5k 7 174 120% |
Sidk i BT 15% Y X R W R R T & R AR
P Ca®* -ATPase [T 1 fE S B /K 1 s 2 &
AR 5
2.7 BRHEH

B 5 AR e AL B 8 LR AT 4 G\ 1)
T &, Hh &5 -am] DU S 56 2 14 LR T 4E 25 44, Al

B 5 AEEEESESEGTGHEIABMEMNIN
(a) AfHEZH ,40 000 x 5 (b) 150 MPa(15 min) 4k PHZH,40 000 x
(c) 450 MPa(15 min) ZbFZH 40 000 x
Fig.5 Ultrastructure of control and HPP treated
A. nobilis samples by TEM
(a) control 40 000 x ; (b) 150 MPa(15 min ) pressurized sample,
40 000 x ; (c) 450 MPa(15 min) pressurized sample ,40 000 x .

2L TN 22 A A A HED , LSS 4 J S 1 3R A
I (A ), Al o S AU R 22 () 38 53 W
SN HX, HX PR RWA —5Z M mHEA
Y 22 2 BT 3 B A S  WERR O B A (T4 ), B A
frf o — 4% Z 2%, B4k Z R Z Ay — A4
LA, 172145 + A + 1721 47 M i, 2 WL TE
BRTBERYIEA AL 150 MPa ghBLS , LYY
B B , DU T 2k, B R f 0 P LB 27 2 e
100 MPa 4b Bl 5 d A S 4 . M 41 Z
BAH I ML NG 22 5 FARB 9 55 . H IXJH R, A
MR AT H X A0 2% AT RE R th T s TR
W T INERE B B AT &R, 17 (0 18 2 ) AT RE 2t T
R RN T B R E B F-ILEh &
Y, 450 MPa REBEJT, UL 45 4 B o 4 Bl OR
FLIEE 2T 2k Pl B 2, WUBLET S e AL B 4 7 5, 53X
AT RE R T R S TR F2 1 B IE

JEFN 3T 81 7K T B 5
3 45

T g AD R A 3 T ) A AR L 0 R AR L G
B, 300,450 Fl1 600 MPa ibFH g i 25 52 2 P
(R i I (P < 0.05) 5 B8 T f0 PR) I € 3, ifF
L™ b™ Thim,a™ {E N R B8 1 0 PR B A
SOLA R, AN pH (EFEE IR 709 T
o AR AN E T LEREE 11 Ca®* -ATPase 15 1,
M J7 =150 MPa Hif, Ca® " -ATPase 1) 4 15 3 B
HA S, 2 IR R o A LR 27 4 2 s .
e T UL A £F & 1) 368 Al 245 A B A 3 R ), 150
MPa 4b 35, L B B 0, LR AF 4E 728 L, M
28 Z LR H IXIH, AR TaF i, 450 MPa
ARG LT 2548 Bl o2 WK, LD 2T 4k () Bt 7
5 BEAL LG

TE A5 £ 5 A S 443 H, JUL UL P 2
PR R 3 2 S5 R, 35K 2 —F UL IAD o 1) 0 e A
MR RLET G 2 8] 255 X6F e 7 1 S0 e L X ¢
o T R RE SR I AR 1 TR R, 2R A TR 1
RALBBCHEE , M52 M) €61 PR 1)t I o

EERE SRR E S R R S R
PR L TSRS £ A 119 53 S5 TR LA VA B4 O TR 55
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Impact of high pressure processing on the quality of
Aristichthys nobilis muscle

LUO Sha-sha, TONG Yan, ZHU Rui, WEI Ling-ling, YING Tie-jin"
(College of Biosystems Engineering and Food Science ,Zhejiang University , Hangzhou 310058, China )

Abstract: The effects of high pressure processing( HPP) (0,50,150,300,450 and 600 MPa for 15 min) on
the sensory quality, color, firmness, pH, amino nitrogen, Ca’*-ATPase activity and ultrastructure of
Aristichthys nobilis muscle were investigated. The odor,taste and chewiness were modified by HPP, and the
sensory quality improved significantly after treatment at 300,450 or 600 MPa( P <0.05).L" and b" value
increased while a” reduced after HPP. The firmness of the muscle increased pronouncedly ( P <0. 05) with
pressure beyond 150 MPa. HPP treated samples had higher content of amino nitrogen( P <0. 05 ) compared to
the control with increases of 15.19% and 17.89% for 50 and 300 MPa pressurized samples ,respectively. pH
showed a positive correlation with the pressure. The activity of Ca’*-ATPase was inhibited by HPP, and
pressures beyond 150 MPa inactivated Ca**-ATPase more rapidly. Moreover, HPP had a great impact on
ultrastructure of A. nobilis muscle. After treatment at 150 MPa, sarcomeres contracted and myofibrils looked
thicker than the control. In addition , disappearance of Z-line , M-line and H-zone and breakage of A-band and
I-band were observed. The structure of sarcomeres was completely destroyed, intermyofibrillar space
disappeared and gelation of myofibrils was observed when pressurized by 450 MPa. Our results indicated that
the HPP could serve as a promising technique for commercial quality enhancement of A. nobilis muscle.
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