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4, BEZSASESS I THHPAN R fRbki—& A
IR &L EE TR HE ARG RTEA
Al R IEE AR ECE s RAEWHEARIEIN;
HoAth Al 225038 Ry o r i
1.2 LRMNF5EE
HHPL2-600/0.6 I HHP% %, Kt 47
AN AL 3P0, far 22 CORIE A A
DHG-9240A R B G K424, BT — R 224X
A FRA s DZ400/2DHEZS AL, Fi Al 42 %
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I E A FR/AF 3 DYCZ-24DN AL B 26 1R F vk
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1.3 HHP& IR

1 B 2s A B R T HHPAR HE 42 (25 °C)
L AR R U HHP AT 804 3% T 0 i it 114 46 6 7,
WELEL00, 300, 500 MPa FZr BIAbFES . 10,
20, 30 min, ARJEIEMF{ME A FRHR . &
i ARUETE . MORSE M AE . DIk A A
A A AR A AR Ry X BR A

1.4 EARERMESENE

LSRR 11 S L 27 4 2 11 32 B2 % Niamnuy
AUV HUER 20 g, HLA ORI R T4 1Y
ZZ W A (15.6 mmol/L Na,HPO,, 3.5 mmol/L
KH,PO,, pH 7.5)¥J/5i, 4 °C 10 000 r/minf L
30 min, FEFEUTIE A TORTRF G sl A, &
B EREAE2R, B3R E.OE R IER AT, A
VKR AR IO s AR T A DLUE T A 105 {4
FRFA A 2% b B(0.45 mol/L KCI, 15.6 mmol/L
Na,HPO,, 3.5 mmol/L KH,PO,, pH 7.5}, 4°C
10 000 r/ming5.>30 min, JTHEH F A 22 bk
B, EE2K, FIXREOEN EHREI, BN
WL 2F 4 35 (48 O . AR 1 B R AR AR 1
P . B mLAE W, N A S mLi i) H
(Al: 20 gJC/KBRREA . 4 g& A ALBRI R T 1 LK
s A2: 0.2 gl BRI T20 mL/K ' A3: 04¢
AR T20mLAKH; MERPREAL © A2 A3
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F2100 = 1« TAMREL IR A B A, 1R2AT,
T°25 °CJiC E 10 min, FHfI1A0.5 mLi5| £ (R AR By
KA, SLERES), F25 °CI 30 min, U %E
JEAR DA LT R O AR, R B o il
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FH10%53 55 B A S% e 46 e, 2R 1 RE S e VR
AR LR 70 'V, LYK 30 min,  fF R 5E 4
A B IR Z G EIHZE 110 vV, 2R
M S BRI ES , SE UK . FLUK S Y BE
O h, 65 FHE R NG RS
XoF LUK L1 BG4 47

1.6 ZERPWMERTH

FREUCUR A FE 13 mgZe fy, B T 40 AR o 4
i SR E I E S T B, SRR RE S RO RS
Wi, Dhas R TR S VR AT R, LS °C/min
B 1R 3 M 10 °CTF 120 °C, 30 5% I 15 1 B
115 s = AR i SV b L N | B - 2 S
TR . N»(99.99%)ii % 420 mL/min,
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VI /N R, FH2.5%(V/ % B 2,
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AL 21 by BREE 2B B K R ER SR IS
2, IR A ALY) 50 nmA B D) R,
Tt T2 U 40 i R A TR A XU (1, SRS OB B R
5% 491 1 UL 2% WL ZT 4 A0 UL D £T 4 1Y) 4 240 45 4 5t
AR o
1.8 #HIFEAIE

FEASSC 50 A 3K, KdE <8 358 45 U
ErRRy TS H M Tukey HSDZ H [ 4% H
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2 B N (P<0.05); FH300F1500 MPaJt 5 b #f
BF, SR LR R A B W PR AR (P<0.05), H
T 5 v R A B B (P<0.05)(&1 1), 7E97.2 kufff
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TER Ao R AR TR . AR AH R AL BRA (], R
JESRIEIN, WIS FAE97.2 kulfh it (4 & (A 40 2
W AR A, PR TR 443 kufi IR EEH
2577 7E 1001300 MPa T JGHA i A8 fk, i 7E 500 MPa
i B A 4 (K 2) . HHPAL 3 49 808~ 39 L3 2 1
FE20.1F166.4 kulff i i 45 47 20 K & AR BH 8 A8 4k,
i 3K 26 38 1 B Of ok R A A8 M, FTREH T AN A
Ay A B 1 O R R A i A2 S TR

M ESR T, & A FEHA ZE K, SR AL
Ji 1 A 2 1 i G R AR (P<0.05) 5 4 Ak B A ]
FHIRIES, B AL PSR IGm, WURAF4&E A&
AR FREAK(P<0.05)(K3), S5X R4l
100 MPakbBES . 10, 20, 30 minf ILER & (1 5%
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85 +
Aa Aa Aa Aa
75

4
65
55 ¢

45t

35 +

WU 2 i /(mg/g)
the content of sarcoplasmic protein

25

0 5 10 15 20 25 30 35
AR BRI 7] /min

treatment time

E1 MM-AREBSENTL
HH TR AE B K 38 R AN AR5 7 BE RO A #5122 57 (P<0.05), A H]
Ak BRIN 8] R AN [ NS T2 B 3R G35 22 57 (P<0.05), N IF]
Fig. 1 Changes of the content of sarcoplasmic
protein in L. vannamei

Different capital letters indicate significant difference under the same
pressure (P<0.05), different lower case letters indicate significant

difference under the same time (P<0.05), the same below
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Fig.2 Changes of SDS-PAGE electrophoresis patterns
of sarcoplasmic protein in L. vannamei

M. protein marker, C. control, the same below
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Fig.3 Changes of the content of myofibrillar

protein in L. vannamei
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Fig. 4 Changes of SDS-PAGE electrophoresis patterns
of myofibrillar protein in L. vannamei
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| A DSCEIHE g & BT Bk,
Wg T Z e, (Bl THLERE A %A 56 22k
T HE BT R 10 AR PR A Y LR 2 e 5 0
I Z ks T2 Wl i iits T 7225 i
VLT AR2Z 520,

B 25 Ab B R] A9 SE K, IR A DSCIE i TE
ARASAE A B ., 5 BA A B ] A B R A
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TS B DSCHZE T #(E5).
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Fig. 5 Changes of protein thermal stability of L. vannamei

(a) 5 min treatment, (b) 10 min treatment, (c) 20 min treatment, (d) 30 min treatment; 1. control, 2. 100 MPa treatment, 3. 300 MPa treatment, 4. 500

MPa treatment
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HRE, SRR/, WL B 5 R,
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BB WU Z 0] B A, WLET 4 2 [A] 19 25 B 3
AN, BTN LA 4 )R PR . X4 R 100
1300 MPaf}, [ b FE AT [A] SE K, R A% 1) AL
TRV ZH 2 ) S SR A A AL B B 5 1T 24 5 24 500 MPa
A, it Ak BHRSE 0] SE S, R AR ) UL AL AL 2L A
I Es AN R T ).

MY AT LLFE B R R LA
WL LR de e i by, WL 4 22 (B D45 4 —
A B (ERR T ). S5XTRBA R4, 24
A PR [E] 24 5 minfi, 100 MPakh 3 1) ILET 4k 4w
By p ok #, B 32 om0 52 w88/, 300
500 MPakh i () LT 2 B W R 4, Z R A S BRIA
5] JE SR VR BT B B A5 /N, 500 MPakh 1 8
B s 24403 E] 20 minf, 100 MPakb 3 Ay
JULEF 4 0 2 9l 57 FE W54, 30081500 MPadh # (L
2 2 2 (7] &2 2 BF AR AR AT B i S 8,
WLEF 2 Z 18] () 23 B AR /N, 5 40 BEAS 25 B
A0 B R 5% A7 1001300 MPalf,  [ifi 25 Ab 8L (] () 4iE
Ko, IR UL P 2 2R S Ak b R AR AR B
T 24 4b B 55 2 500 MPalhf, [l 25 &b B a] ZE
Ko, R Gh ) LA AL 210 S s A AR AL AN B R

24 SMoRAAELBRERT R

MAE U Rl DU Y, %) BB 2H LD 21 4 fd AL
2 A AR, WA 42 A e R A BRE R T,
HXTAMNINAZ AL, S4B A5 min
A, 100 MPaih BE (1) 4R~ ILET 4 F LGt 21 4 1 i
IR A4, (AANB R ; 300 MPajh 3 Al GERE IR
THURF g Mz, 22T HRE, H. 40
22 HEZ IS 7 RS KL, LEF 4 2 18] /9 25 B
AR K5 500 MPagh BRAH LT 4 bl . A 225¢ 4
PEBEIR , WLLF 4 1w 2 2O G5 H, WLEF4E 2 )
25 BRAR RO . S ERIR LN AL UM L, 24
A0 B A 2420 minf, 100 MPakb 3 () 4R~ LT
HeHED) B %, (ARG SEA WL IR A 5544
3001500 MPakh FH A R~ JIL it £F 2 B A i i IR

WLET 4 Bl 57 6, JLZF 4k 2 [0] #1925 B A8 A5 0
500 MPaftf Loy BEA LA 4E 3% 1f 12 BUIR 25
¥, FEMIEESE T, AbFEE B, LA
85 KA O TR P ™

MBI o] DL H %k R 2 2 1 LA AL
JREF 2 AT A P HES WU 2T 2 %) B A (L3
A 22) A T (ULIK AR KL 22) 3 i mT UL (F81 iR
)., SHEEEF NN ARG MA L, 2 Ak PAT
[8] 2475 minfit, 100 MPagh B 58~ JILET 2 22 [a] 1)
2 BRAR K, WUJF LR 2 41 245 40 An 15 S 50
HIG 25808k, WL & AEWC4s ; 300 MPakh B
WL 4 22 [a] () 25 BRAE R, L 2F 4 J A= W 24 B
AR, AR REORAE A T HES, B ILT i 4 ™
5 500 MPakh B LET 4k 2 [1] 25 B F A 1G5 2k ¢
VI, WL 4e3im 52 2R, vl W LR 2F
He e R AE A T R T EB R AR M, R
B, AR AR R R . AR A UL A 2L
AR, 24 A BRI E] 25 20 minft, 100 MPakh B
BTy it JUL DT 2 ) B G T O, WLER dE S R AR
1550 50% ; 300H1500 MPakh B LT 4k 2 8] 1)
25 BRAS RN, LIS AT 4 3 O IR 1Y 25 AR R AE
WILET Y ¢ 1o 52 B0 2R 2544 o

3 iR
3.1 HHPMIM-_ZFEH RS

FH100 MPafb FHER{~5 min, AL & A& 24
TNT 8.4%, HoJs P AT AR & WL 2K 11 b & A R
2%, HHPAL RS O] GRS 2L A 2S, BEMETT 24k
BYEBCE NIRRT, KRR L
WESTEMHAEN ., AngsupanichSE P EFEIR T
FH200 MPah B A P4 145 (Gadus morhua) A 20 min,
& PR B LK A B MR A TS Hernéndez-
AndrésZF " 300 MPa/7 °C2k {44k B 21 (Todaro-
psis eblanae)20 min, & ¥ H PR R 55 H
fit IR T 22 B4 TR B 1) Y TR R A BTG . A
300F1500 MPa4b HHF{~ 10 min, JJL3EE A & H5
HRBE T 16.7%M150.9%, 3= B I Kl H o 3 i 4>
T AR 5T AR M IO UE B LU A BE I . Goute-
fongeaZE"SI7E20 °CHH 600 MPakh B A F1 4 A
30 min, UK A& R AL T 15%M110%.,

x4 A, 100 MPakh 3 SR LK &
FH7E44.3~66.4 kuth B T B A 4540, JFHEE b3
B AE K, S PR AR TR, Xl fgE T
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IG5 O 5, R A o0 SR I MR B ANV T R
HE =T /&, SERRiAES T 28
N R AR RAERTEY . TE A R Ak B (]
T, B RN, WL ) — S Ak
HOF AR 20, Rt AR, X B e
JEsAE T &4 T AR, WM NN, HHP
il A8 28 TR R PRI JULSR B 1 R TR AR i AR
wU

100 MPa4t 10 min, 300 MPakh 210 min
F1500 MPagh #25 min, WU ZF4EE A& &0 5T
[ 1 28.39%. 45.72%K154.45%, HHPALH & AL
IR S N R, RO RIS T LR
AR AN SR, FEOLEM, BT
Bk, A AREEEAY,; SR RET RN
LRYE R oy A EAE R, B R Al R
Jr BRARTE e IS, BEAR T LR 41 4 8 1 i 3R
PERY; HHPEGE #8508 ARG, (A0 LR 4F 4
EARE T R,

FLGREEXTEF LR £F 4 1 E 2 WLk
HEE . JLERE AR EE . L3l E R 5 Y H A
BB . WK H 55 50 28200 ku/Ze
H, MBhEA D F i has kufefy o BT 5% A T
T FEE E) Y S, LB AR 1 R LB 2R T A SRl
AR, EREmIRAER, FEZERANBKE
HFNLEN 8 A ZEHHPYE R ¥ & 48 TR R Y
1AL S s = 51 el ST S I (A 2 B 4]
KRR, A A R AR

HHP 3= 238 3o 5% me 85 1 5 i 4 FAR B R
B N 1B v S D5 e (S LR F A S 2 G e
R\ Ye, HHPRE(E 8 A BT AR B 4 /N B
% ., HHPREAE #2550 20 N 0 5 11 & A
24P 88 = HHPREMEHE KA FHUES, — i
M) & 11 0 4 T R KA Z 59— J7 R AR K
P pHAE , P78 8 B 40 F i HL g RE B, DN
S AR ERT; S0, HHPISREMH K 4> F kA
BEHEBEAN, JCHRZEE A BT T B KO X
B, R X A B R AR AL = 1) i A ELVE
PN 51 6 2 0 45 40 RN DI BB A el AR 2725 B
HHPI& A] DL 3 8 [ 5T 5 RS A &8, (Had
T R R A S AR AR A AR E Y SRS, TER
I A 58 (50 MPa) T 1 BE 34 58 25 11 53 0 T W Jk 1]
(Y B KR BRI, E 3 1Y R 58 (>200 MPa)2s
REAR LB KR ™, 12 B T HHP M 2> J7 1H X
B ARG TR R Zm, MR H A
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A &b B 454 A MR~ 2 11 DS CIRE 1 22 5
3.2 HHPXAM- W RS20

UG X SRER LN B RSO, AR ILET
i ph KR B L 2T 4 A 7 RS IR, A AR L
2T 2 1 5 A LN A2 i B AT, AR 4B 25 L
21 2 1) WY A R0 0 A — AT b, A ILER
2 1 R H B A 1) R RS20 HHP AT {5 3 4 JJL 1A L
AR ECE K, WMHHPX H WY (Octopus
vuglaris)™ | £1#(Haliotis rufescens)™ . BEYY X}
WR (Penaeus monodon) 45 WL IR 2L 2 25 ¥4 (1) 52 W)
—JrH e RS RN E A BEN, EA RS T
Z A AR I ST WY, AR R T AR A
g Z e T B A g, A B 2 08
FRRH LA T D B 5, AR IR A b R ILET 48 R AR
WAL, 5 —Jrim, = 1300 MPafi 5 ] 52
NN o Rl R o S s AN Tt R S A
Wr, BB UL 2T 4k v 10 T AT A% S04 AR R S I 4
RYA RBYEAL, AE ML . AL P B L B

PR A] Y 284, HHPRE S 5 LI 2F 4k 14 HF 51 22
1B EE, R REA N RE, LY
FEE AR, WLET 4 22 18] 25 Bt A AR T 2 0 22
ARG . IR LA R Ak, 8RN
Sk s s AT 0 PR 4 LA RS R LR B R AR T AR T
H 5 0 T WILET 4k 22 (8] F0 VLS 2T 4 22 J8] () 23 8] IR
A, Ueno®EPVE BLREE o TH=, LA A LAE
FEC LR B 2 A B 8 1 A8 4k . Hurtado %6 P4 IE
4 R 5 #1200 MPaff, L PR ULET 2 (1) 25 [B) 25 44
SRAEWNR AL, IFRFFELEERS, X
S 1 T AE WLEF 4 T8 A 25 4 2 92 2 A AR Ak 5T
TINEE T WLET 44 57 R I FE I

ABFSE ], 100 MPagh B R~ 1 LS 27
e 45, WL U4, A Bk
255 300 MPakh R HR 47 5 LR £F 4k 2 & A 6
20 WL 4 i ; 500 MPakh B R LR £F
Y J Az ™ EE RN R AT SR RRAE , LEF 4
2 1] 23 [ AR BORY T S P HE 2RSS M . B g R
Ui Y=y BB I S S I RPNEZ N O RIE R f |
W, i B RR 1 FE T LR T R X R
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Effects of high hydrostatic pressure on protein and microstructure of
Litopenaeus vannamei

LIU Shucheng *, DENG Qianlin, HUANG Wanyou, JI Hongwu,
GAOJing, MAO Weijie, HAO Jiming
(Guangdong Provincial Key Laboratory of Aquatic Products Processing and Safety,
Guangdong Provincial Seafood Engineering Technology Research Center,
Key Laboratory of Advanced Processing of Aquatic Products of Guangdong Higher Education Institution,
College of Food Science and Technology, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: High hydrostatic pressure (HHP) is a promising non-thermal food processing technology, which not
only can inactivate microorganism and enzyme to ensure food safety, but also can maximize the retention of
nutrients and color, aroma, taste and improve food texture and functional properties. HHP can maintain the balance
of food safety and quality better. At present, HHP has been widely studied and applied in meat processing, seafood
processing, fruit and vegetable processing, dairy processing, and so on. In recent years, HHP has been reported in
the shrimp preservation and processing. For example, HHP can inactivate microorganism and polyphenol oxidase
from Litopenaeus vannamei, but HHP has a little effect on qualities. HHP can also be used to shuck, eliminate
allergens, and extract astaxanthin from by-products in the shrimp processing. These provide a new method for
shrimp processing and utilization. In order to enrich the basis theory of HHP in shrimp preservation and processing
and to realize industrial production, regarding untreated peeled shrimps as a control, the peeled shrimp were treated
by HHP at 100, 300, 500 MPa for 5, 10, 20 and 30 min, respectively. The content, composition and thermostability
of protein were analyzed. The microstructure of shrimp muscle tissues was observed by optical microscope and
transmission electron microscope. The results showed that the content of sarcoplasmic protein slightly increased at
100 MPa, and decreased significantly at 300 and 500 MPa, and the content of myofibrillar protein significantly
decreased. HHP treatment resulted in denaturation of peeled shrimp protein and decreased the thermostability of
myosin and actin. With the increase of pressure and treatment time, HHP makes the arrangement of peeled shrimp
myofibril tight and compact, and even the structure of myofibril collapse, sarcomere severe contraction, the gap
among muscle fibers fuzzy and showing a flocculent structure. Therefore, high hydrostatic pressure can cause
shrimp protein denaturation and gelation, which is conducive to digestion and absorption of the human body. The

results show that high hydrostatic pressure can be used for processing instant shrimp products.
Key words: Litopenaeus vannamei; high hydrostatic pressure; protein; thermostability; microstructure
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Plate I Microscopy structure of L. vannamei transverse and longitudinal muscle tissue (x10)

1,2,3,4,5, 6 and 7 were transverse muscle tissues of control, 100 MPa/5 min, 300 MPa/5 min, 500 MPa/5 min, 100 MPa/20 min, 300 MPa/20 min and
500 MPa/20 min, respectively; 8, 9, 10, 11, 12, 13 and 14 were longitudinal muscle tissues of control, 100 MPa/5 min, 300 MPa/5 min, 500 MPa/5 min,
100 MPa/20 min, 300 MPa/20 min and 500 MPa/20 min, respectively, the same below
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Plate T Electron microscopy ultrastructure of L. vannamei transverse and longitudinal
muscle tissue treated by HHP (x300 000)
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