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R DPCD ARER 5 i B2 AAL LIS (A6 LER 8 A
TR (1 115 734 JSE RV DA B M i J5E (¥ 52 i, 4 F1) ] DPCD
TFRACF T PSR ) ot B BRI HE A -

1 #MRE7E

.1 #

FLANEEXIER (Litopenaeus vannamei) , % 50~60
F/kg, W THETE AR KK T, IRiEis 25
. HERKERG, EhoesE. KANg—ME, %3k,
oyt L, . RIEEAKA (HAE 20 mm) ,
T AR R IGACE AT FRA ] o
1.2 RFIENE

IR 7 : Lowry 7258 (& s I e WA Gl 1Bk 7k
R E AR AT S-=BER MR E - 814E Cadenosine
triphosphate, ATP) . fifCJRHEEE (DL-dithiothreitol,
DTT) « 23 85 FUARHEE T N T 55 2 ARG IR A
Al MR, s AR A b 4. CO, ARl
J£5599.9 %, TS .

138 5 45 : HA221-50-10-C A1 Sk & (pg il o
LB AT R AT, UX2200H HL 7R (HAR
ANIRERATD , HH-8 BUBHIR AR CH MIRAEL
ABRAFD) , PHS-25 30 pH i1 ( LA ERIFAAAS
FIA R ERACEES D , CR22G I B! w0l (H
AHNLATD 5 UV-2550 BURANAT Loy Fb e Th (it
B IR GRRAT]D , AUY220 BU0H R (HA R,
HAY ST AT , TMS-Pro BI1E4» BT kA (35
FTC A7) 4.

1.3 REHZE
1.3.1 PUREH HRIR

LR A RIS % S0R[17]. SRR Lowery &™)
e B R S
1.3.2 ZHEECOLKE

i &1 DPCD AbH i F2 2% SCHR[19]

1.3.3  FoaaEtils FoRk B g ml e

T BCIE I A< B (/0 8 2 2% SCHR[20-21], JERI A
BBl o R LR AR T 92 s VAR B A [R) 9
FERRRE (1. 24 34 4. 5. 64 7+ 8. 9. 10, 11, 12, 13,
14 mg/mL) , 43 3H 10 mL & T-F)JE/ME, FIH DPCD
AbER— e ], IO A R R R, Bl SR AR,
MM W ILER R A ah G ol . AT [ e MBS B
ANBt AR BRI S, WA IR T ] T RE -
P eI BT WLER B (A /EAST) DPCD ALER451E I T Bkt e
IR TR IE (Co) o BEHE CO, ARFERIK I KL ELAE Ky
X A

DPCD Ab#E4L: 156, 255 R om A B v ULk 8 F %
BB I A S (R 2 o AR Hi BT BARF S 45 SR, e i
K- 304 40, 50, 60 'C, JEEEAKE A 5. 10 150 20,
25, 30 MPa, ACFRISHE Y 30 min. HR, FgE A
[E) 56 JULER B 1 T Bt e I SR B (s o Adcdis b —ike
g 5L A s A IR Ky 50 °C, WLERER (IR M 14 mg/mL,
JESR/KSEA 5. 150 25 MPa, AbFEINTR]ZKSF4 5. 104 20,

30min. RADRA ZSEE RGBT

W COp AbERA . M SUE /E DPCD b B3,
W, TR AT, 4ERF | min, AR
S G, SRR AR ER SRR 1], (AL B 28 R 5
HEFFAE 0.1 MPao /K4 30, 40, 50, 60 'C, Ab#E
HFA] 30 min.

I ARABRZE A O B T K T EA T Ak 2,
W E K 300 40, 50, 60°C, ALFEINA] 30 min.
1.3.4  SFA BRERIR 4 H) &

0N PR B S8 e ol 45 I FE 225 SCHR[16] . 5T TR CO,
AEFRRN K BB g X 4L, DPCD BEfcft: Mk air i
MRG58, oK 400 50, 60 °C, Heaf/K

5. 10+ 15, 25 MPa, ALFREFA] 20 min, S WUA 2545
ARGV e CO, bt : TREFALEEZELE 0.1 MPa,
UREESr 4 40, 50, 60 °'C, ALBEEFA] 20 min. #iF Tk
JBeAt: KR4 404 504 60 °C, AbFITA] 20 min.
1.3.5 BARGRE M

T8 P it P55 U 72 23 2% SCHR[16] o
1.3.6 #IEazE

FEANRIGM T 3 K, Hl P EsbRfEE R R .
IMP10.0 #AF3E47 75 2081 (ANOVA) Fil Tukey’s HSD
REA N IV (HEN

2 HR5HH

2.1 [EERFEEXTANANIKE BRZROEARIG R K E R0

ME 1T T BUEH, AT KGR, 30 1 40 CHE
ANREAEHFWLER 8 T GBI s T 50 F1 60 °C ) e A
14 mg/mL [FJUFVLERE (IE B BURERE . #0 LBk R 1
TERBENE Sy 20 3 — D T RUAESE AR
ARV R T B P R TN R B T N SR A AE
T KA 7 I AR L ise e R JULER 2 1 14
MR 42.8 T2, MAbBRIR AR T 42.8 'CH, WIEREE
R R AE AR A RETE GBS s AL B 5 s T 42.8 °C
i, Wk R A RARYEETT, FRE G =4
PR GERE R o B S5 PLEAR T 40 C 1 Ab B A B i
WIEREE A, & AR AR RS AR, Sl =
140 CHF, |EEHARIEMmRE, H HBE R T
FR AR

X CO, ARFRA, 30 A1 40 C B AREMFIFLER &
FIE RGBS T 50 CHIAE 13 mg/mL FIIERER AR
BEERE, 60 “Crlfd 12 mg/mL WLUERER FIEBUE BORLKE, I
FAZIR SR AR T AR AR R . XIS TR CO, AbHE
AU PN, 11 HIE T BeAEAE CO, 58 H T MAH FLAE
Mo H R CO, 58 (T EAF FH 25 EE BB B AR
KRB AR RS AR ER CREAR. BaER. A%
M) 5 1 COL T 7K i R

%} T- DPCD b4, 30 ‘CASREMMFIIERER (1 Rkt
JBEo XD 30 CAKT FLANEE TR UER & 1 1628 PR i
42.8 C, HNIRSS; HARTE 30 CRIE#M 5 EFHH)
30 MPa, CO, & /K " [¥) % f# £ N 24.65 15 fn 2
35.72 dm’/kg®%, {HE T CO, % T /K G KA HyCOs, 1R
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£, 40 ‘C DPCD AFHAESE 14 mg/mL FHILIREE (K
FEEIE 5 1T 40 C 7K i KL IAS BE AR ILER B 11T e -
XTI TRk B (AR PR A 42.8 “C T i,
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FIE T REIEE , 15~30 MPa f IS 58 AEH 11 mg/mL HFIL
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TE R G S BN B o X DR R JR BB N, CO, 7E7K
HHR R LGN, 958 T CO, 5 LERER (1 A ELAE .
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AL RS . EAHRAC B R, AN 40 T 2
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JE ##Pressure/MPa
c.50C

JE # Pressure/MPa
d. 60 'C

T OFRER, O R, AFOREUR, ARRESLEUR, C ForK
HTHGEEE, 0.1 MPa &R # T CO 4bBE. R,

Note: [J represents solution, O represents viscous, /A represents gel, A represents
firm gel, C represents heat treatment in water bath, 0.1 MPa represents
atmospheric CO; treatment. Same as below.

B1 #%HECO, (DPCD) 43R &AamiRA IR E @ K,
B R 49 R
Fig.1 Effect of temperature and pressure of dense phase carbon
dioxide (DPCD) on least gelation concentration of myosin

PL b4 ATl %1, DPCD 715 S UF LK 8 eI i)
R AR AR BRI ABAEAE CO, [R5 F RN, it
JEE XU IUER B 11 T8 G R R G SR F s ok, ot
(PR M /0N s i o R s i 2 R) A7 AE — 52 I B TR A o
DPCD #1355 SN LER E (A bt i, FL AL FEIE 5 A 25 KT
40 °C, MCFEERRACT 5 MPa B W), BRIV RN H ZhA AL
SERIFIT FLANE R UER 25 1 RS T 1 BE g, & B DPCD
AEF AR 5 MPa B AT IER B P A R U RS o
2 R A3 o BRAE U N 5 MPa [ DPCD AL BB ]
AR BB - Floren 251 1% 3 6 MPa Fi140 “C#) DPCD
A 3B R A Ar 22 B A R PE IR B R Bk . Rao AFH
10 MPa F1 50 8% 60 ‘C¥) DPCD 43 15min 4% 7 £ N
B, X A ST & A — 5
2.2 [ESERF0ATE) ITHRALERER B AOEERR IR SRR S O 8201

M 2 TDE Y, Rk TR 14 mg/mL

AR 50 “CHF, KB HAAEEE 5 min B W] T BGEER -
WK COy A FETTHE 20 min BA_EA AT DU G . X2
TSR] P H R COL %5 T /K S 99 R LA 2 v
YA REARYER, FEOEEREFREEZM
LEPRINAE]. ) DPCD ALBE 5 min BI O] TR kR, bl
Aab P 5 A8 0 R T () SR, TR P 58 M ) i % i
(I 3) o ZE R I7E 43 R F DPCD A3 4 523,
B 5 s B0 T e R A R TR A, A R RV M i S 84
Ha#h, fF 15 MPa Ab38 25 min I, 4 S0 R0 Pk R R e K
Thiering Z528f] CO, /bFI K G HEH, ALFE 20 min & A
SR T I/ EREEAR, AL BRI ] A 20 3413 60 min
B, A IR EAR SR, B TR RO R A
o XK ABEE DPCD ALH M ER, CO, HEA
JRIA AR 7858, R AR AR, B GE
JI S (1) = L IR 45 4

ct A A A A
<

g 25 A A A A
2

% 15F A A A A
% 05 A A A A
ol o o A A

5 10 15 20 25 30 35

I [ Time/min

T RN SOC, WIBRER TRV 14 mgmL
Note: Temperature was 50°C, myosin content was 14 mg-mL™".

B 2 DPCD 4k 32 /E 5% f= B 8] &F PLIR Z& & TS A%,
B SR 6 R 0F
Fig.2 Effects of pressure and time of DPCD on least gelation
concentration of myosin

a. KA P
a. Heat treatment in water bath

b. i JECO Ak
b. Atmospheric CO, treatment

¢. 5 MPa DPCD

d. 15 MPa DPCD e. 25 MPa DPCD

B3 /250 ‘CALIZ 20 min B AILRE & A4 A&
Fig.3 Gel formation of myosin treated at 50 ‘C for 20 min

2.3 DPCD AL XF4T I BR £ A 58 Y 52

B4 nTLUE H, TR A BRI s CO, Ab 3,
TS T U PR JBE T S i B 34 AT (B 5 % (P<0.05) 5 60 C
B e o P e K AR AR B R, /KIS FAA RN s
CO, AL FE (PR A BE B I P 2 )G 23 22 5% (P>0.05)
XULH 2 ZLACBEY NG SR RUEER, H . COy A
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e AR A BE B IR 1 . X 51 1 3 i CO, £E 50 Al
60 C/y HIBEH S 13 A1 12 mg/mL UFVLEREE (I WOE ke
RAEAEA JEZ AL, FEEDIAEL 1 BaEes S oA IR
FI, HR COy AT LA T /K b 15 LR B (AR T A
i 4 PRREE N GO EFRIBE, H s CO, AN RE S R T
(2 TR ELAE T, X DLVBIZE E N PR BE 5 P 38 11 2 1
JEAHEAEH .

16 AEER IR

g 1l Treatment temperature/ 'C
z M40 B50 060
% 12 a
E h
g 101 b
3 N
)
=
el

d

c
c
5 10
JE 5% Pressure/MPa

e ARG RIRB B EARTEA NG P REROR ZE 7 5 (P<0.05); C R
IKHTHAERE, 0.1 MPa R H CO, Ab2E.

Note: Different lowercase letter indicates significant differences (P<0.05) in the
same temperature column; C represents heat treatment in water bath, 0.1 MPa
represents atmospheric CO, treatment.

B 4 DPCD 5T K BEEI 6% 69 %5
Fig.4 Effect of DPCD on gel strength of shrimp surimi

Xf¥ DPCD 4b#E, TEAH[HEACFEEE R, B4 DPCD
Ab R o BE 0, MR PR JBE B U RS i R B I i)
(P<0.05); 50 ‘CH1 25 MPa KbH [{IUF P JBEKE I 580 5 4 K
IKF) T (14.2840.57) Nomm. FLREAT 2 N st 1) bt
JEARTE G, COy FEAKH (IR S 38 1201, R P 25
H 0%/ AT MKy, TR E 2 1) CO, Hifil Tk
PIBERR, B 0 o RO PR JBEAE o M iy T e R Ak 2 FE 22
(1) CO, 431, M5l CO, HUFRE AMAHEAER; 2) Mk
BN CO, Y HGE LS N, APtz NBRABEF . X
PR T G ) R A v T i C O, 15 ST T JBE T B I
SOEET N

4 DPCD AbF 58 5~15 MPa i, Y BEBEI
T 5 34 B U P T v i SR E i (P<0.05) o MERS b4y
M, R 2 Hsi Bl AW TR, COy 78K H IR i i
FEE T B 1 5 A D] ()3 5 A A Y LN B s s T v
CO, TE 7K H 5 AL JE P o 2 S 38 e /N A 20 DRI, 3
T g CO, TEK AR LK T BEA 2 DLk S5 CO,
ENUERER (AT AR, 3 Rl R o B 1 B, A iR
JEE T v 7 A R BRSO, LA 8 i 5 f o B TR A o M Ak
JR5# K 25 MPa B, A 40 FHEiE 50 °C,  0F PSR Bk s
JE S B E BN (P<0.05) , MM 50 JHE#) 60 C, F
PAL JBE U JI 5 55 S 11y I B (P<0.05) » 25 MPa R M\ 40 C
T E] 60 'C, CO, fE/KF il AR /. BRI,
M40 F] 50 °C U A BE M 5 k2 48 o S R AN,
SR, A 50 F] 60 °CHF A BE KR T BT RS
DT Ay 0 PRI JBE v A7 E — Pl 1 2 1 i i 0@ i 2 60 °CH
B fift 7 WF P BE I, I A LI % 20, BLAR DPCD

AASIRGVE, 22 DPCD W% ik 55 1 W 1) 5% i ik
H At — W5,

AN R AL 5 S 0 PR BE A TR B i A L B 50 L S
A LAE Y, fF 40 CALFE 20 min, /KBHAEFAIH ) CO,
AR B [ PR BE B B T % 22, 1T DPCD A3 [ I PR JBE 5t
BTt ; AE 50 A1 60 ‘CALFE 20 min, FTA AbHL R
TR BE e I A B4, {ELJE DPCD AbBE ) €035 L /K I A
AFRFNH . CO, AFR PRIt =, 1X 55 AU 2 Ay 1
ey iR —8,

¢. 60 C/KH AL EL
¢. 60 C heat treatment

b. 50 C/KHFRAREL
b. 50 'C heat treatment

a. 40 C/KIR AL
a. 40 C heat treatment
in water bath

in water bath

f. 60 CHy JECO AL 1
f. 60 ‘C atmospheric
CO, treatment

e. 50 ‘CHi JECO ub st
e. 50 C atmospheric
CO, treatment

d. 40 T JECO AL 1L
d. 40 “C atmospheric
CO, treatment

&

.40 °C,25 MPaDPCD  h. 50 ‘C, 25 MPa DPCD

B 5 f£40. 50. 60 C T4 20 min ¥F KB REIZE T &
Fig.5 Gel formation of shrimp surimi treated for
20 min at 40, 50, 60 C

t LA By LAERT, DPCD 6K (5~10 MPa)
U PR BE TR I ] R 2 B HURONV ERT, 1fT CO, 1
P FEHES9; DPCD i (>10 MPa) 75 [ P JBE
TE B IRE ] BE AL H AT CO, (1512808 SE R T
2.4 DPCD ACIBHFANEKE B BUERMIGFRIKE SN
BEEA R E R KR

M 1 ATLLE Y, {EAATH DPCD AbFE IR K,
o, R VLR EE T R M P I S 5 wf AR, TR
VA JBE T il 1k Jsz 11 538 S5 18K 1= 5 7 40 F11 60 'C F, B4 DPCD
A B 58 PR T v, B AR R LR B 11 T Rt e 1T I Sk
ToARA,  AE IR PR JBE IR R o B S A, X
2.1 RS A — 8, BPBE AL B R SR T, AFLERER A
TG T I SE A ;s #E 50 'C R, DPCD Ab# i
M 10 FH i ] 15 MPa, SFNLEREE 11 Bt i 16 1 S o
WP 12 B3] 11 mg/mL, XA GESE N 50 C SRl
BRE A WAL (42.8 'C) P T, IhIN R R
7t DPCD 5 ‘FURIILER 85 1B Bt i 1 R ke T G4
EH .

i. 60 °C, 25 MPa DPCD
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% 1 DPCD ALI2 &4 THMANERE B AU BS BY IR 5 R B ST A BRSRA B E B X &R

Table 1 Relation of least gelation concentration of shrimp myosin and shrimp surimi gel strength under DPCD treatment conditions
40 °C 50 C 60 °C
— U P BB i S g HF P R S i S g R P BRI 3 i Sk i
Pressure/MPa  Shrimp surimi gel Least concentration/ Shrimp surimi gel Least concentration/ Shrimp surimi gel Least concentration/
strength/(N-mm) (mgmL™) strength/(N-mm) (mgmL™) strength/(N-mm) (mgmL™)
5 0.39+0.10 14 1.374+0.12 12 8.17+0.16 10
10 0.82+0.21 14 6.80+0.34 12 11.19+0.53 10
15 4.30+0.06 14 9.91+0.82 11 11.83+0.24 10
25 5.94+0.14 14 14.28+0.57 11 11.71+0.42 10
3 &£ 1 Forming Mechanism[D]. Wuhan: Huazhong Agricultural

DLLAA Rt iR Lk 8 O ESEN %, #R9F T DPCD
AR BH Hs i I SE RIS [RDGE R LK 2 11 TR Rt I S B
IR DA BE BE ISR FE IR RE I, 251800 R

1) =% ¥ CO, (dense phase carbon dioxide, DPCD)
Ab B H i NI PR 0T W JULER B 1 VA VT R R 11 I S
HBA ST, A S [A) ) R LR B VAR G R )
I SR EE o Rg i, (3G 0 AL FE [], n DA R i sk
[FEERE . X1 DPCD 4bH, 7F 40 CHIUEKH KT 5 MPa
ISR ILER 3 S WO G IS BRI SR B2 R 14 mg/mL, 7
50 CF1 5. 10 MPa I BRULER L 0 e I 1 I 55
BN 12 mg/mL, 7E 50 ‘CHI 15~30 MPa I EFLERE
I Y GRE I ()1 S A FE 8 11 mg/mL, 7 60 “C
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Least gelation concentration and gel strength of myosin from Litopenaeus
vannamei induced by dense phase carbon dioxide

Liu Shucheng, Guo Minghui, Deng Qianlin, Liu Yuan, Liu Mengna, Ji Hongwu, Mao Weijie, Gao Jing
(College of Food Science and Technology, Guangdong Ocean University, 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, Zhanjiang 524088, China)

Abstract: Dense phase carbon dioxide (DPCD), also known as high pressure carbon dioxide (HPCD), is a promising
non-thermal food processing technology. DPCD was originally applied to inactivate microorganisms and enzymes in food.
However, many researchers found that DPCD could induce some proteins associated with microorganism metabolism
inactivation and the change of the secondary structure of enzyme protein when the food was treated by DPCD. Meanwhile,
they also found that DPCD could induce some food protein inactivation. DPCD could not only improve the functional
properties of protein but also induce protein to form gel. Our previous study results showed that DPCD could induce shrimp
surimi to form gel and the microstructure and texture of gel were better than those induced by heat. Myosin is the key protein
of forming gel for animal meat. Protein concentration is an important factor affecting myosin to form gel. Generally, the higher
the protein concentration, the greater the ability of forming gel, and the better the texture of gel was. In order to clarify the
mechanism of shrimp surimi forming gel induced by DPCD, we used myosin from Litopenaeus vannamei as the subject and
researched the effects of DPCD treatment pressure, temperature and time on the least gelation concentration of myosin forming
gel and gel strength of shrimp surimi. Firstly, myosin was extracted using the method of reference and the myosin solution
with the concentration of 1-14 mg/mL was treated by DPCD, and the least gelation concentration of myosin forming gel was
determined. Secondly, shrimp surimi gel was prepared by DPCD and the gel strength was determined using a TMS-PRO
texture instrument. The study results were showed as follows: Treatment pressure and temperature of DPCD had a significant
effect on the least gelation concentration of myosin forming gel. Though treatment time of DPCD had no significant effect on
the least gelation concentration, myosin could form the firm gel by extending treatment time. The least gelation concentration
of myosin forming gel was 14 mg/mL at 40 ‘C under the pressure of 5-30 MPa, 12 mg/mL at 50 ‘C under 5-10 MPa,
11 mg/mL at 50 ‘C under 15-30 MPa, and 10 mg/mL at 60 ‘C under 5-30 MPa. Treatment pressure and temperature of DPCD
had a significant effect on gel strength of shrimp surimi (P<0.05), and gel strength of shrimp surimi increased with the
treatment pressure and temperature increasing (P<0.05). The gel strength of shrimp surimi induced by DPCD was
(14.2840.57) N-mm at 50 ‘C under 25 MPa for 20 min. The higher the temperature of DPCD treatment, the lower the least
gelation concentration of myosin was, and the higher the shrimp surimi gel strength was. The pressure of DPCD treatment had
a little effect on the least gelation concentration of myosin, but the higher pressure could increase the gel strength of myosin
and shrimp surimi. When DPCD induced the shrimp surimi to form gel at the lower pressure of 5-10 MPa, the heating effect
was main and the molecular effect of carbon dioxide was weak. However, when DPCD induced the shrimp surimi to form gel
at the higher pressure of above 10 MPa, the heating effect and the molecular effect of carbon dioxide were cooperative. The
results will provide the basic data for clarifying the mechanism of forming gel induced by DPCD.

Keywords: pressure; proteins; gelation; dense phase carbon dioxide; least gelation concentration; myosin
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