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AT 3.1 7 (L*, 2%, b) ﬂjammfraﬁ:mmﬂ“mwmumﬂﬁ’mmﬁu (400-800 tunnzahama i
gumgil 28 eruraFe 11w 20 Wi Anwdeu (A 90 esruBAIFE 11U 20
i) wazmsanuduswiumsIianuden (200-800 wnnzihana wiu 20
U1 / 90 DI UHALTEE 1Y 20 U1)
L*, a* and b* values of black tiger shrimp gel induced by pressure (400-800 MPa,
at 28 OC, 20 min), heat (at 90 OC, 20 min) and combination treatment (200-800

MPa, at 28 °C, 20 min/ 90°C, 20 min)

Level of Pressure

Treatment L* a* b*
(MPa)
Heat 0.1 61.43+0.25" 22.26+0.06" 10.3440.15"
400 39.88+0.06" 523+0.12" -14.75+0.31°
Pressure 600 44.1620.43" 6.8440.11° -13.43+0.12"
800 40.76+0.22° 4.75+0.09° -8.2+0.18°
200 62.88+0.16" 22.96+0.01" 9.67+0.02°
Pressure - 400 61.01£1.05" 20.57+0.10" 2.61+0.40"
Heat 600 61.28+0.26" 20.5240.09" 2.37+0.19"
800 60.58+0.38° 21.8140.03° 3.42+0.19°

Note: Mean + SD of six determinations.

Different superscripts in the same column indicate significant differences (p<0.05).
[ 9 a1 1 1A a A 1A A =) g’ a 1
AULASAIUIDU Iﬂﬁlllﬂ1ﬂ’31llﬁ’)1\‘l (L*) Mauad-g1ve (a*) Uagmaman-guiey (b*) [317)

9

11919 60.58-62.88 20.52-22.96 1A 2.37-10.34 MU AU FIA109819NGNTHLAININAIN (L*)
= a A = A =S g’ a 1T w [l dy Y o A Y
MAUA-TVYT (a%) 1Az TNAR-TNITU (b¥) gINIIAIBE1ATNBNINAAIVANHIUNIG 1%
] =~ 1 =\ 1 <3 Y v 09; d" A = A A U o
ANuAuiieseeAgIg1aTiulada (p< 0.05) Netiiesnnd@mimsedihvesdinaidiaiu
Aa A 1 o 1 4 oy a H 1 1
FITUFIANNAINANINUANANVRIdAAIUVDIDIAsENOVVRITNIUNRY TudIuYD
[ [ 4
vualsnIuTysau (blue carotenoprotein fraction) NUAIUTUAIVDILATINUBYA (red
. . ~ ' Qal} aad A Y di‘ . . IS
carotenoid  fraction) 1/1agﬂwﬂiu%uawmaﬂmmﬂmmua (muscular  epithelium) Tael
a a . < ~ A g I o
UBENIUFUTUOATY (free astaxanthin) tHuualsnuseamilusanilsensurianyea
uaTsi TuTd 5@ (Okada ef al., 1995) Jencks LAz Buten (1964) 5184711711 59Aiaguelaen

' < 1 = [ a .
a9UdI9DT (Lobster) grsoenaonilu 389U AD uaaﬂw—mam"lcﬁmuu (OL-crustacyanin)
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(2 = =

war-asaan lasendiv (B-crustacyanin) 1Az INOTINA0Y (vellow pigment) IASLOTNUIFUTU

Q

I 1 a @ c?;/ 1 { { o
iy TnsaBan (Prosthetic group) vovsaniagneaiudiu luanzddiasnmlnldsan

= . o Y [ = I A A = d? @ a
AUTITNIN (denaturing agent) ﬂ$%11ﬂiﬂﬂ3ﬁill‘]_laﬂulﬂuﬁl!ﬂﬂﬁiﬂlﬁa'ﬂﬂmuﬂ‘]J"lf‘L!ﬂ"]J'ﬂQﬁ'li

Y
asriumsldanudunionnuioulinainTsaugudoanin (Damodaran, 1996)TagTn
1 = =} =2 2K o Y I = a qu/ dy
druvesugua lsi Tulisaugadsanin 3eih lvdsingluduasveeanuauiy Matinis
TanuauszAUA (200-400 wnnzthania wiu 20 W) ervfinaii i lsAugapdoanin
1 Ail Y o A YR A A 3’ a d' Y [ @
VI waefnaiduai lavelduisemiidu uazieldnnuauluszduge (600-800
= Y = )=} o Y = =
wnzahaaia wu 20 W) tazANUTeU (90 BIFITAIFEA UIY 20 W) Ml lilsAugude

dal o v A a o 4 = a J @ d? I<TR=
ANINNUINVUNINATIAD ﬁﬂmwammmfnzﬂsmgmmwmuaﬁmumuwumuwmmﬂuﬁmqau

w1y tazdruyendu aAud 1A

200 400 G s00

Pressure (MPa) + Heat

AN 3.1 ﬁﬂymzﬂimgmammfaﬁaqmﬁmwﬁwﬁumﬂﬁ’mmﬁu (400-800 wnnziaaia
figavigil 28 essuwaiBue wn 20 W) AnuTou (M 90 perisaIFea 11U 20 1)
wazms Ianuausmiums Iianudeu (200-800 wnnzahania wiu 20 W /90
IR UFAITYE UIU 20 UIN)
Appearance of minced black tiger shrimp gels induced by pressure (400-800 MPa, at 28 oC,
20 min), heat (at 90 oC, 20 min) and combination treatment (200-800 MPa, at 28 OC,

20 min/at 90°C, 20 min)
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anwFeulimagaudsimiin luuanaain (20,05 Meiliieaninanuaulnaiiliinanms
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AU (Hurtado et al., 2001) tazmstnuauvesgangd Iwashldanuamnsalunisduii (water
. . . L a =\ o Y o
binding capacity) veelsAuszanas Tasgangigalinailiiuselalasnuanas uazaa
Y ] Y Y
msduiuihvenynlilsey (Damodaran, 1996) duiuninNNAUIEzANNSOU Felinanon
= g‘ % % 1 d! 1 Y o 1 di’ 9 o d‘d Y [ 1 [
MIgaasiminueddIedly ddiwalidlrediunaiieninaiduaning lianuaus
Y = = 3’ @ Y [ o Y = = a
AnuseulmMMIgnimiingiga  Tasmslnanuau MldlUsaugadsannsssuma
o & o o A v Y o qQ ¥ a a ad 2 =2 oqva
Tusgaunile vasnniude Inanuieui liinamsgaasaamsssumamuiy 3 lnne
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3.50

3.00 a

2.50 i} {‘ —I_ _aI_
2.00

1.50

weight loss (%)

b
b
1.00 b b
0.00 T T T T
Heat 400 600 800 200H 400H 600H 800H
Pressure (MPa) Pressure (MPa) + Heat

N 3.2 fhmiqtuutﬁmfmﬁfﬂmama?jqqmﬁmﬂﬁFhumﬁclﬁ’mmﬁu (400-800 twnnzihana
figainndl 28 ssrnaiBue w20 1) Anwdew (A 90 pernmaFed 11 20 11T)
wagms Ianuauswiums Iianudeu (200-800 wnnzihania Wi 20 w1 /
90 DIFUTALTHE UIU 20 W)

Weight loss (%) of minced black tiger shrimp gels induced by pressure (400-800 MPa,
at 28 oC, 20 min), heat (at 90 oC, 20 min) and combination treatment (200-800 MPa,
at 28 °C 20 min/ at 90°C, 20 min)

Bars represent the standard deviation of three determinations.

Different letters indicate significant differences (p<0.05).
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1.1.3 AMUSAUAZ 5782 N1NDUIDIZNE] (Breaking force and deformation)
Ky o a Yy A qu v o
enanadiwaamnsomana laieInanuduawus 400 wonzihaaia uu
= A Y o 3 1 s o Y Y a
20 W wIeldanuauadua 200 wanzithaaa wIu 20 W1 FwNUMIIHANNTEUN 90
= = d' dy = a ald' [ 3 1
paraled WIn 20 Wi vazhiisldamiinuaaiusananaldnanududaua 600
3
wnnzdda1a WK 20 W (Nagashima er al, 1993) Uarearanineaasn (Alaska Pollock)
Y Y
ansanana ladauaszaunnuay 200 wanzdana W 10 W17 (Shoji ef al., 1990) Aa1iy
1 a v J 1 a a [ [ 1 [
waaanMsnamaveIdaudazyiiama laluseauaNUAUUANA19AY  (Pérez-Mateos and
A 9 = v d 1 A A 1 [ :'4 1
Montero, 1997) 11189910 InseasanelullsAuvesdniusazyialinnuuananany er1u
mslianuausaihlfinamsnlasulashiuanaiaiy Fa5aun sunlnea (2547) 1adaw1Ns
v Y v
nasumlasannTsavveutiodenaidindiiums ldanuaugedie  Differential  scanning
. 1 = a a a = [l s A
calorimeter (DSC) Wy TUsau'luTeFunazuendunamsdeaninodauysaiion1uns
THanudunsga 200 wanzihania ¥y 20 19 Fadnnmsdeaninved1asaulyTedu
Y 1 v
uazuenauluilony FunamsdeanImiszay 300-400 Nzl i@AIa WU 20 UIT (Cheah
a g a 1 ¢ A
and Ledward, 1996) uazldsauluTeduluilodanemnamsideanimedisauyseiiiols
ANNAUNTZAD 200 wanzdaaa wu 20 W vazRtendunamIIdeaaInrddn 1
ANUAUNTEAY 400 wnnzU1@A1@ UM 20 W (Angsupanich and Ledward, 1998) iag
Gilleland wazaz (1997) lassinemsmnanasisanuauldin anuduiinailvlilsau
=S a a [ 9y =) 1A 9 9
oA IMEITUIA lagtiamsueniuved laseaiwllsausunynaimsoasiaiuse
(bind site) ogludmmisimnzay e ldinamsadusnsziiszninedlsdulusznig
m3lianuiuazTzrIMIanANuaY
Y
AMITIUBLILIZNNADUNIZNZG UazA1 TPA VaIfI0d1avallonInaIdILa
@ { { o w 1 1 1 U <
HAASAINIWA 3.3 1azA1T19T 3.2 AMNAIAD AWITINDUDIZNZG (MWT 3.3A) HAZAINNULA
~ di‘ 9 o A 9 [ = A dgl d' Y [ qu‘ 1
@3N 3.2) vouwvarednadiwaimiums ianuauiaununyuie IianuauALe
= a0 d‘ Y (% 1 =S [
400 99 600 wnnzidiaaa wazimanaudlelinnuan 800 wnnzidiaaia wu@eINW
@ ] di‘ S A 9 091 a Y (9 3 1 A a
aredniolamnsanuaiiumahnldanuauaaue 130-530 wnnzihania Nguiigi
0-40 BIFIFALTIA U 0-30 WIN UAWSINOUDIZNZY NUNAANINMTNIENLY (work of
. 2 A dg‘ A 9y [ Y A
penetration) tazANNLYLNNVIN IiANNAUTUTEAD 130-330 whnzidaaia uazanaaile
k4 v
IauAuATLA 430-530 wnnz11aA1a (Pérez-Mateos and Montero, 1997) taz luwagsinla
<3 any A . .. 1
ntareaanineaden (Alaska Pollock) taziamsialing (Pacific whiting) TamsauAy

A Q' d? d’ Y [ Q' d? 3 1
INDU (shear stress) WUNINVYU W IHANUAMNLINTY A 100-240 unnzihania (1-24
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a 4 c?/‘ d' a =1 dy tigl’
nla11s) Nanguvgl 28 way 35 PAUYAEYd (Chung er al, 1994) uenanillumariio
= d' 1 Y (% 09}/ 1 d' a 9y ISR
Yarminuankums 1uauauaaLs 600-1000 tinnziania NYurHiNed I 20 WIN U
1 1 Q' d? d‘ Y % td' = td' d‘ 9
AMWIINOUDITNTYNVLINVULD THANNAUN 600-800 twnnzihaniauaziainsiiolnany
Y] A dg’ I~ A o = o Y =\ = [
aunyuiy 1000 wnnzilhaaa  eannanuaugainai v Isaugadeanineds
Y o Y a o 1 = a 1 =1 1
mngauuai Iinausansgisgrie ldsavaumnanssunguuedllsau Tasmmwzluau
a dyq/ =] o Y a [ 3 a o = <KX o Y
TuTedu  wenvnidainmailfinanisdedananssuveueu el Tisteadaiildaans
nasuuaslnssadeves luTedu (Nagashima ef al., 1993)
. o L v o A ¥ o 1 o v ¥
druaedailaninaImuandIuns lianuausmnuns lianuiou
y @ [ 1 1 1 < 1
snAuNTZAUANUAY 200 wnnzihana TASINowIZNZg HagAIAINIAIYDUIAFINT

Y

1 di‘ 4 o A Y o A 9 =~ l = Y 1 dy
G]’J@EJNH]QL‘L!’OQQQ@”I@HJ@V]W”I‘Llﬂﬁ‘lﬁﬂ’J”I‘JJﬂuﬁiﬂﬂ’ﬂlliﬂul‘WENBEJNmEJ’J IﬂEJGI’J’OEJNH]aLLl’O
Y o A 9 o A @ ' Y Y Y A
mqmm‘umnmumﬂwmwmumzﬂu 400 Lllﬂﬂ$TJ”Iﬁﬂ”Iai’JllﬂiJﬂ"IiGmﬂ’J”liJi’f)uiJﬂ”luiﬂ
' 1 [ { : @

NOUINIENS] LL@%ﬂ”Iﬂ’J”I?JLHNﬁIQﬁ?!ﬂ GﬁﬂﬁﬂﬂﬂgﬂﬂﬂUﬁﬂ\ﬂu"Uﬂﬂ Nagashima LagAume (1993)

1 @ 1

[ F4 [ Y
mu Mednaielamiinuairmiumslianududua 400-1000 wangaeaia Wi 20
=1 Y Y 9 ~ =) A A 1 ~ A
i udrlianuseun 90 esrmuwaTed WM 30 UM NAWIINPUNTNEQYINgA 11D
= = Y 1 A Y v A @ = [ A Y 9 = 1 =)
nFsumsunudeganmums IianudunseaumeInunselianuiowiietwd1ufed tag
% 1 dy @ A A 9 A ] Y @ 09/’ 1
ludedraie uannaunasissay 0.5-3 oruM s InANUANAIA 50-150 innziana
A Y q9 Yy A = A A
WY 20 WA uadIiANUTOUN 70 paFITAIFEE UIY 30 UIN UAMIIGIEA (peak force) HaL
1 Y v
NUMAANINMIIZN QI TIVA (penetration work) gan11AIRE19NHIUMS 1HANUT WY
281UAEY (Macfarlane er al., 1984) HAZANTIBIIUVDI Ko (1996) WU A3 1HANUAUNTL A
101.33-506.64 wnnzliaa1a (1000-5000 MIVOIANUAUVTTENE) WY 1 F2Tue nould
{ o { a  Jday . <
anwioui 90 esruzarFod w10 Wi hldilodalanly (milkfish) TaNuudwswes
1w 1 A Y [y =) 1 = A o v A o
PAgINIAIDENNHIUNT TNANUALNEIDE1IASINTEAVANNAUASINY
AIUATZETNNNBUNIZNZY (MW 3.3B) LazAINIToaAa (adhesiveness)
(M3197 3.2) FaudaademanudanguiazaNumionveusa mud1ny wun ludediuva
di‘ 9 o d' ] Y [ =\ ] = = U z [ ] d‘ ] Y [
ofanadiuanmIuMs lianuauiietedufe) Jargeninialudrednnaumslinnuay
1 ] Y Y Y] 1 A Y 9 = [ =1 ] =) o
FAUMI THANUToULAZAIPINNAIUMI THANUTOUINEDEADY  (p<0.05) IFUIRASINY
% 1 Aad < '
Tudedramaysiin ldenatearafdmoaden (Alaska Pollock) IA1AMIATEA (strain) Tu

]
54 ' ISR

Ared1aimiums Iianuaugendesdidums ldanuduswdomsidanudou uaz

v

% L] S 9 = 1 = . dy LY L] di‘
A8 19NRIUNS AN o UINEIeE1AE") (Gilleland et al., 1997) wonvni lualediamatile

UYamiinua Tarszeznneusiznzggegaludiedeiiiiunmsldnnuduiiesediaufe,
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A = = v o [l A 9 @ 1 % 9 9 @ 1 A )]
weanfJeumeunudeganiums Inanuaus WM 1HANNToY tazdIeg iU In
Y = Il = . T < 1 A [l . .
ANNITDUINYIDYNINUAYT (Nagashima ef al., 1993) u,m@mthﬁﬂmummmawqu (springiness)

1 =2 . A £ =< =) 1 ] v
HAZAINNNBAINE  (cohesiveness) (A3NN 3.2)  FIWEAAIDIANVIANIUYDIDAIFUNY

Y v k4
(Hamann and Lanier, 1987) lufednmatiodenaidivaiiiiumsldnnuiu @wa 400
@ 1 A 9 [ 09;’ 1 1 Y] 9y
wnnzihaaa) tagalredanmiums Inanuau (Gaua 400 iinnzihania) Saunumslvn
9 a 1 [ < Y T " W 1 A 9 9 = [] =
Jou HNawanaanuandes ualA1gININAIBeNNHIUMTINANINT o UINEIDE11AY)
Y 1 1

(p<0.05) uenNHIINUNMIZEZNNNBUMINIZNZ AR NTeINUAIM TG Y
3’ @ A A = g‘ o ] 9 1 3 o 3’ P4
win (mi 32) Teelegaudeihesnvindtediadooaasin  dwnsanuininidly
Y 1 ll o o ' ll ' ' <
deealdundeuihlddedelinnudanguunn  wagaszezneneumsIzNggnAoun
v Ao & 9 o A v Y v o o o
A vagndleduatileninaimuandumslianuduuazauTougdsinviinuIn
1 [ ' : ' v v @
dawal¥alinund swazusanounIznzg g 9 Lanier (1992) lana1a auiauazdnbug
A o o 4 9 o v g a N g 4 v 2 Sy
iodudgvesnaneidosnuanududuveslUsdumazdsmnuvewdsiamsonnmnuii 1

4 F4

= [l A9 o A Y 9 ~ 1 = =
uaﬂmﬂumaEmmamqammwmumﬂwmmsamwmaanmm HUALIN

v F4 1]
o A

J A o 2 :3’ Y o Aa A =
HAZITYSNINNDULAISNES A L‘L!i’]ﬂﬁ]”lﬂl’f)ullcb’iﬂﬂim@ﬁiutuﬂf}ﬂf]ﬂ”lﬂ%ﬂﬂﬂi]ﬂﬁiﬂflﬂ"ﬂi!t%

a =

9y a d?’ ~ 3 1 3 A
Tdgagigery TaommizNgungil 60 ssruwaFea anuilunsaals 8.0 ugumngiin
o = 9y o A A 9 an [ dy an
ulyiTsfeavosdenaidunaninssulagega Faw Junlnaa, 2547) wenainil Famn
] [ 1 @ L] dy 9y o d' ] Y 9 ~
Tunlnaa (2547) Sanunludredrmaiioninmsiuaimumslianuion 90 ovrusaFoa
w20 W aeluenmiuquaungl  guugiaeluvesdiegalimegluyig  50-70
= = 1 (] ~ 1A 4 a 1 =
peruralFoa  Feoglugniiminzauaeninssnveueu lsiuazinansdesdals Usau
v Y
TuTe'lWusami1dldnaieeudd (Chung ef al, 1994) wazANNUANANVBNLH BT UN VDI
A ~ 1 % @ A A v A 1 9
ARUATZUIUMINUANANAY BuHBINNINNIZUIUMIHsJURa AUk TnTas19ved

Tsaunuana1anu
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(A) 600
a
500 — E b
= —
on
< 400 ¢ } Bl
Q
8 Eo
@ 300 4 ¢ Bl
=i g
E
E 200 -
100
0
Heat 400P 600P 800P 200H 400H 600H 800H
Pressure (MPa) Pressure (MPa) + Heat
(B)
12
b a
a
10 b
: + M &
"é c c
S | —
99 6 € e % d
3
2
S 4
S
A
2 —
0
Heat 400P 600P 800P 200H 400H 600H 800H
Pressure (MPa) Pressure (MPa) + Heat

MW 3.3 AWIINDUNIENEY (A) HAZITHENNNDUINIENE] (B) Guammf:aﬁ’mmﬁmﬂﬁﬁm
m3l¥AuAL (400- 800 wnnzthania Mammngd 28 eruwaifea wiw 20 wf)
anwdou (@ 90 esmmaied w20 117) wazns IHAuE s wiumsldawden
(200-800 NNz 1@AIAUIU 20 UIN / 90 DIRUBALTEE WU 20 UIN)

Breaking force (A) and breaking deformation (B) of minced black tiger shrimp gels
induced by pressure (400-800 MPa, at 28 OC, 20 min), heat (at 90 OC, 20 min) and
combination treatment (200-800 MPa, at 28 OC, 20 min/at 9OOC, 20 min).

Bars represent the standard deviation of five determinations.

Different letters indicate significant differences (p<0.05).
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M 4 Y i
ms19h 3.2 dnvaziloduddveuvaiiodanaiiuaidums Ianuau (400-800 wnngiheana

A a = ~ 9 A =~ ~
ngaunnu 28 9IA UG ALK UIU 20 UIN) ANUTOU (M 90 DIFNLEALEYE UIU 20 UIN)

wazma I anususwiums anudou (200-800 wnnzihaaauiy 20 Wi /

90 DAFNIFALTIE UL 20 UIN)

Texture properties of minced black tiger shrimp gel induced by pressure (400-800 MPa, at

28 °C, 20 min), heat (at 90 °C, 20 min) and combination treatment (200-800 MPa, at 28 °C,

20 min/at 90°C, 20 min)

Level of
Adhesiveness  Springiness
Treatment Pressure Hardness (g) Cohesiveness
(g*s) (mm)
(MPa)

Heat 0.1 4945.06£358.07°  -2.69+0.36"  0.869+£0.010°  0.60+0.05°
400 3228.61£199.99"  -19.90+7.68°  0.898+0.011°  0.74+0.02°

Pressure 600 4408.88+275.21"  -10.29+5.27"  0.902+0.007°  0.79+0.01°
800 3500.81+108.46°  -18.41£15.24°  0.907+0.013  0.78+0.02°

200 3058.61£144.33"  -2.06+1.33"  0.867+0.020°  0.50+0.03"

Pressure - 400 8833.11£456.69°  -1.11x1.10"  0.920+0.004"  0.75+0.01°
Heat 600 7586.16£201.61°  -0.88+0.58"  0.897+£0.029°  0.72+0.02°
800 7272.304441.95°  -0.74£0.48"  0.900+0.009"  0.72+0.02°

Note: Mean + SD of ten determinations.

Different superscripts in the same column indicate significant differences (p<0.05).
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Pressure (MPa)

= Y

M 3.4 Aanuuvesaisazatonen Ia luTegusssumavesdenadiniianududu 4
A A o 1 _Aa aa ~ s s IS 1 A
Naansuasianans uasazae Tunadounao lid 0.6 Tuas amidlunsaa1a 7.0 Nru

a =

M3 ANNAY (0.1-800 Luﬂﬂzﬂmmaﬁqmwgu 28 DIAUFAIFYE UIU 20 UIN)
auden (7 90 esmaier 111 20 1R nazms agus wiums ¥ deu
(400 wnnzthama WY 20 WA / 90 DA UFALTIE WU 20 WU1N)

Turbidity of black tiger shrimp natural actomyosin (4 mg/ml in 0.6 M KCI pH 7.0)
induced by pressure (0.1-800 MPa, at28 OC, 20 min), heat (at 90 OC, 20 min) and

combination treatment (400 MPa, at 28 OC, 20 min/at 9OOC, 20 min)

Bars represent the standard deviation of three determinations.

Different letters indicate significant differences (p<0.05).
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Surface hydrophobicity of black tiger shrimp natural actomyosin (4 mg/ml in 0.6 M KCl
pH 7.0) induced by pressure (0.1-800 MPa, at 28 OC, 20 min), heat (at 90 OC, 20 min) and
combination treatment (400 MPa, at 28 OC, 20 min/at 9OOC, 20 min)
Bars represent the standard deviation of three determinations.

Different letters indicate significant differences (p<0.05).
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Total sulhydryl content (A) and disulfide bond content (B) of black tiger shrimp natural actomyosin

(4 mg/ml in 0.6 M KCI pH 7.0) induced by pressure (0.1-800 MPa, at 28 OC, 20 min),

heat (at 90 °C, 20 min) and combination treatment (400 MPa, at 28 °C, 20 min/at 90°C, 20 min)

Bars represent the standard deviation of three determinations.

Different letters indicate significant differences (p<0.05).
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Appearance of black tiger shrimp natural actomyosin (50 mg/g in 0.6 M KCI pH 7.0)
induced by pressure (0.1-800 MPa, at 28 OC, 20 min), heat (at 90 OC, 20 min) and

combination treatment (400 MPa, at 28 OC, 20 min/at 9OOC, 20 min)

Level of Pressure

Process Appearance
(MPa)
Control 0.1 Opaque pink liquid
100 Opaque pink liquid
200 More opaque and high intensity pink liquid
Pressure 400 Very soft pink sol
600 Soft pink gel; like soft Tofu
800 Soft pink gel; like soft Tofu
Heat 0.1 Soft pink gel; like soft Tofu

Pressure-Heat 400 Soft pink gel; like soft Tofu

54



55

1.2.5 Jassadamegannvesasazaenenla IuloBusssumnAvesdagaic
Y kY d 1
AILNABIPANI IAUNVVABIN A
Tassaanganmavesaisazatsuen Ia lu ToeFusssumavesdanaidinl
Y 9 A Aa o 1 Y] = o 4 I 1
ANV 50 Haansunonsuvesasazats TduaaFeunao 15a 0.6 1ua1s anutluniaae 7.0
AumsIianudan ANusou LazANUAUTWAUANNTDY HEAAIRININA 3.7 Tasmn A
3 9 a AA Y v A
waz B lulassafangamavesaisazatonen la luToBusssuanandiums ianuaud
Y o w =Y I~ 1 [ t:' I~ = =
52a1 600 taz 800 wnnzihana mudey Hanwazilulaseviesauindlussdioy Janu
1 A F)) =) 1 o [l A 9 v A =
aottlosvoudaulellsan  ualudlregranmumsivanuaun 600 wanzihaaa Taw
1 1 =] 1 1 = 9 L% 1 d’ 1 Y [}
WUWUUYD91A59918 1azU¥9919018 11 Ta59918 158U 08n11A0819NHIUNIST 1HANUAY
~ c?/‘ dyd' Y v A Y] I~ v A
800 wnnzihaaia NelbesnnmslnanNuaunszay 600 wanzidamailuszaun
) 9 = a (Y] a 9 1 1 Y] 9
wwzaulumsimldldsawnamsaaieay  vazunansasialasauelvuneadnnnms 1
[ d! 1 9 dy 9y o S 1 1 d'
ANuAY  FdInalinaiioNINaIMUANAIINOUNIZNZQUATITZIZNINNIZNZ]  (AIWA
J < ~ 1 Y v A Y]
33A war B) uazianuuds (mIiwn 32) qega ualumslinnuaunszdu 800
[ [ { a o a [ I 1 -4 §
wanziiania p1vvzegluszauunnu Il g TdsfuwRamssuiudunguanniuds
v o ' ~ o = 9 ~ 2
A0ANARINUAIANNYY (MR 3.4)  waziIndanurnveuduleTUsauunniuas
TaseadannannaANNAUAINNEa1NaNNUZARIATINUTIBNIUYDY Yamamoto HASABLE

{ 4 1 a
(1990)  #lAasrvaeninssaduniganindrendesganssminuudensialuluTosuan

v
Aa A

1 == Y 9 a Aa o 1 a dll Y [ d'
AFTAENTANUANTY 5 UaanTuaeNaaansNHIUNT IHaNuaui 280 wanzihaaa w1y
= 1 = 1 A " v Y Y ' I = & Ao Y =K o
30w wun Hlassneseuasnusiodulessnatlusziiioy  Falanvazadenaany
TaseadaveanaluTogunnannanudouluaniizloosiindr ualunieasedng  Iwasaki
uazaAmz (2005) luwuanuuanasvesinssadangamavedluTogdunnnszaeninm
Y 9 a Aa o 1T A Aaa d‘ Y [ dl [ d‘ a9
WU 5 Taaniudediaaans eldanuaunszdy 250-500 wnnzihama Ngungiivies
= [ = 1 Y a d' ] Y 9 d' a
w10 i wazdslulianuuanasiululuTegundiumsldanuSounguugi 40-70
IR UTATEA UIY 15 WA
1 3 Y Aa
daunm C uag D ilulassadmeranmavesarsazatonen Ia'ly Teguaiw
A 9 ¥ v v A ) ' o v
FITUHANEIUMT IANVTON  HATMT INANVAUNTLAD 400 wnnzihamaswaumsia
9 o @ = 3 ] 1 =\ I = =\ 1 A 9
ANUIEN Muany Vanvazdlulaseviesiaunianutusstey Yanyaoiosveaudule
Ts@ndesnindlregnan lianusmuiesosudsy Tudiegranmiuns lianudusiuiuany
9 = 9 = 1 A 1 [l 1 [ [ A
Jouuanumnveudulellsauunnn  uaziiveainmelulasenevinalvanidedan

] Y 9 = [l =) A [ 1 ~ Yy S g’ @ 1
mumﬂwmmmumma&nﬂm&n L‘H’ENMﬂﬁ’ﬂTJ%ﬂQﬂanlilmflulﬂuﬂﬁﬁli‘glﬁﬂuWﬂuﬂ@:ﬂﬂ’ﬂ



56

a 9 A (% 1 Y S d'
mMananalagANuounIoANNAY (MW 3.2B) diwalimalasaunzngg (Mwin 3.3A)
1 d $ 1 $ % $
HazAIANUUYS (13199 3.2) ganiuvan 1Annanuau vazilus 199999 Yamamoto 1az
1 = 1 9 a 1 d‘d
amz (1993) Wy lifianuuenamolulaseadeniganiavesluTeFunnnszaenil
Yy 9 A A o 1. A Aaa = 4 J I
ANUTNTY 10 Naansuasiiaaansluasazae lusaFeunanlsa 0.5 Tuars anuilunia
1 A [ 9 v A 9 Y 9 A =
AN 6.0 WorUMsIFHANNAUN 70-210 whnzihaaa udrldanudeun 65 sarmasee
=) o 1 A Y Y ~ 1 =) & o ~ YA
w15 i vazludedandums ldanudeuiissediune) Faanvauzman lalanyuy
= o A A a 9 Y 9 A
wernualuTeguiimannanudouludazanududuveunaogs  (asazaie
o 4
TduamFeunan’lsa 0.6 Tuars)
d' = = Y 1 o 1 A Y [ =
WonFeuien Tasaaian19ganInszHINdIe 1 nmumMs Idanuauiie
] = v W ] A Y [ 1 [ 9 [ [l A Y [ =
2E1UAIINUAIBENINAIUNT THANUAUIIWAVANUS O Ad8g1aiMIUMS THAaNUAUINE
v = = ] A 3 = = 1 A 9 = = ] =
pg1aunedl lassendusydoy  Januaomeveuduleldsay  Tanuvuiy  uazll
] 1 ] =3 1 =1 ] 1 [] I 1 =
¥oaamelulassneldsauuinndn  Juuareanamelulassie@nni  uazinnunin
Y Ay Vo oA ] o o 9 A v o
voudulegTsauriosnindrsg1anmums 19aNUAUITWAUANNS O 1HDI91AMITTINAINU
nsomIanaznouved llsfuiioannanuion %9 Ishioroshi uazAmz (1982, 9141ag
Y
Benjakul et al, 2001) o5u1eMsnNaRaalenNNsouInAnnie luTeFuduniin (HMM)
Y
pazdunn (LMM)  TagluTeguduminimssaunguludnuazadionoain  (sponge-like
a [V 1 { . % 1
network) ttaz Iy TeguduunsauiuwiluInssuieunuad (lacy-like network) Faaamal¥iil
1 1 ~ 1 <3 ~ Y (] A Y
AMTINOUDIENZY (MWA 3.3A) HAzAIANUUAL (INA 3.2) FINNAIBINNHIUNT I
=

ANUAUINIDE1AY?



57

Tum x10,000

,wi 3.7 Tassadaneganiadiendesganssminuudesnsia ($1899e19 10,000 1917) V09
asazanouen Ia luTeFusssumavestinmdminnududu 50 TaanSuasnsy
~ % 7 & ' A v o
eummiazawiﬂgmﬁgwmaa”liﬂ 0.613Jﬁ'li AN UNTAA 7.0 mmumﬂwmmw
Y Y o 1 [ 9 a
AUIDOU LLE‘]%ﬂ'Iilﬂﬂ’J'liJﬂ‘lﬁ’JiJﬂ‘]Jf’]’J'liJSE]‘M Tﬂﬂ A llag B: msazmmmﬂim'luiwu
A Y o A A a <)
mmumﬂwmmﬂuw 600 Ltag 800 wnnzihaaia ngaungy 28 DRl U
= o w A A Y 9 A
20 N uaal ey C uag D: miazmmmﬂim"lﬂwummumﬂwmmmum 90
pernsaiod U 20 Wi tazms TdauALA 400 wnnzthama gamgil 28 erisaiFue
= [ 9y 9 A = = o w
WU 20 U N 'i'JiJﬂ“]Jﬂ'l'iﬁlﬁﬂ’J'lﬂJif]uﬂ 90 DA AUKYE WU 20 UIN MUY
Microstructure by scanning electron microscope (magnification: 10,000x) of natural
actomyosin from black tiger shrimp (50 mg/g in 0.6 M KCl pH 7.0) induced by pressure,
heat and combination treatment; A, B: Natural actomyosin induced by pressure 600 and
800 MPa, 28 OC, 20 min, respectively; C,D: Natural actomyosin induced by heat (90 oC, 20

min) and combination treatment (400 MPa, 20 mjn/9OOC, 20 min), respectively.
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Microstructure by transmission electron microscope (magnification: 50,000x) of
natural actomyosin from black tiger shrimp (50 mg/g in 0.6 M KCI pH 7.0) induced by
pressure, heat and combination treatment; A, B: Natural actomyosin induced by pressure
600 and 800 MPa, at 28 oC, 20 min, respectively; C,D: Natural actomyosin induced by heat
(at 90 °C, 20 min) and combination treatment (400 MPa, at 28 °C, 20 min/at 90°C, 20

min), respectively.



61

1.2.7 sduwulifsaulag SDS-PAGE
sUunuTsAuvesasazatonenla luTegdunmumsldanuau  anwdou
tazms IHANUAUINAANNTOU UaAIdInINg 3.7 W A NuLanAYeIA MUYV
=S v d' ] Y [ v A A dg’ z ~ (=Y 9
uouTdsAuuaazuauierums ianuanluszauimudy Aalugdsuoild@undr-
woun Tasuea (LOUTAITI) (MM A) tazjluuui@uud-weunil Tawsiuea (A7)
d! Y [ . d' 1 A d'
(MW C) FIADANADINUNITIVNUVDY Suzuki tazame (1990) Awu lulimsuwlasunilas
4 [ 1 H
voauan1ysaulule lWusaveaiioTanmsldanudu WenlSeuheudedran laumums i
ANUAU
daguunTsanvesdredraen TaluTogudmumsIdanudon wazms
Tranuauswiuanudoulugluuueusaids (mw B) wun lanuduuswonllsau
YA 205 0 lamadutiosnndesaimumslianuay (mn A) ualinnuduveou
a o 1 ;g 4 o a a
TdsAuvma 55-116 nlamaduinnni Faiuraiiewnnnanudouiinailfinananssuy
4 a A g 1 [~ < 1 a
youou lsi Tdsatemwuuiniu TasdosTusAuvuialuaiiuldsduvuiaanninau
. Y ' = a 12
(Motsumoto and Noguchi, 1992 8191a8 Chung et al,, 1994) ua luuovlsauvesuonan luil
4 1
anuuananuneludiedianmumsldanudu anudeu wazmslinnuausunums I
9
ANNTOU
[ <3 = 1 9 A Aa 1 1
pg19 lsnaumuninnuuananluanuduvesou Tsauniivuialnann
205 A laAaduIEnINGUUDUUBUIAITY (MW A tag B) HasIAIEI (MW C 1ag D) Y03
% v A A Y @ 9 Y [ 1 @ Y £
degraenla luTesuirumslvanudu anudeu uazmsInanuausiuiuanusou
J 3 @ Y = o Y a 19 @ J ] = v W
uaaadn neanuautazanuieuiinamldiinaiuse lagaldd wuRenuiussauves
. Y . A 1A o Jd a dg‘ 2,’
Lee 148 Lanier (1995, GANIGE Angsupanich et al., 1999) NWUIN uwuﬁzhl%a"lvmﬂﬂwmma

nrums Ianudutazausou vz lumsanulsunanuss lada W luaisazaie

k4
%

a a { 1 ] 1 a o I 4 Y
uonTa' luToBusssuma (MnA 3.6) wun hidanuuananealsnaiuse ladalnd Wil
A Y v A a = Yy Y A Yy 9 A
(119991nANUTUTUYBIAITazauen Ia 1y ToFus5I09A 1UMTAN YT IIAULA NN UN
o = [l < = Aa 1] o 4 3 [ 1A 9
A9 luansamiumanasuulasvesdsuaiuse laga lvd  wenamiudanunianuy

= d’d ] 1 a Y =) t:l A ] [ 3’ 1
yoanu Tlsauniivinalugnin 205 Alaaadulugluuiaisanaeey  aaiunaaad

™ o s @ ™ 4
wannnnuse lada liaudrdalseneudreiuszoug nlulnseadavesTisau
wonlaluToFunrumsldanuey anudou vazmsIianuduswduanudon  dusu

wuse Tanmauanilsiuse lada lued



62

A) (B)
KDa
KDa
bt 1 1 1 1 1 EBoVile
116 — - | P 205— o 8 —MHC
16—
55 ; -
45 — : . - —_actin _ o
36 — _— . 45 — actin
36 —
M 1 2 3 4 5 6 M 7 8
©) (D)
KDa
205 — KDa
116 — 4 A 4 A A mmle
r- 205 — — MHC
116 ~ ' "
55 —
45 — SN S S S e e — actin 55 — .
36 I 45 — — —-—aCtll’l
36
M 1 2 3 4 5 6 M 7 8

i 39 s TsAud 8 SDS-PAGE vesmsazanuenTnlu TeFusssumnavesdsnad i oy
W so diaansurensuvesmsazme T uadeunan lsd 0.6Tuas anuiluniasia 7.0
firums sy aomdeu iasms T mmsus i uamdeu Tas A Buas € Dty
o3 AR AF A M: Tilsanasg e MEC: uTedudumin 16 amazane
wonTaluToFuitrums Ifaueum 0.1 100 200 400 600 1 800 mnnz1harana ganigd
28 3rImaTE 1T 20 117 Amd Ry 7: ensazaneuen Ta W Teduiiumslfamdeud
90 earnisaFe 1120111 ez 8 msazaenenTaluTeuRidun s Wi 400
mnnethea figamind 28 sswnamiden 120107 s asumstiamudouit 0 ewnmadva
I 20 UM
SDS-PAGE protein pattern of black tiger shrimp natural actomyosin (50 mg/g in 0.6 M KC1 pH 7.0)
induced by pressure, heat and combination treatment; A and B: Non-reducing; C and D: Reducing; M: Marker;
MHC: Myosin heavy chain lane 1-6: Natural actomyosin induced by pressure 0.1, 100, 200,400,600 and 800 MPa,
at 28 °C, 20 min, respectively; lane 7: Natural actomyosin induced by heat (at90 °C,20min) and lane 8: Natural
actomyosin induced by combination treatment (400 MPa, at 28 OC, 20 min/at 90°C, 20 min)
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v Y [
M3efi 3.4 Md (L*, a*, b*) vewaiedenadiuaiidullsAunaraundeniidosa 0-3
Y Y [
aiwindetinain) wazriumsldanuay (600 wnnzihaaa Nguugd 28
= =1 9 [ 1 o Y Y

DIAUFAIHFOT UIW 20 UIN) HATNITIHAIINAUIINAUNIT INAINS o
(400 wnnzUran1a WU 20 WIN /90 BIFEAIFE WU 20 WIN)
L*, a* and b* values of black tiger shrimp gel added with 0-3% (w/w) bovine plasma
protein and induced by pressure (600 MPa, at 28 OC, 20 min) and pressure-heat

(400 MPa, at 28 °C, 20 min/ at 90°C, 20 min)

BPP concentration

Process L* a* b*
(%)

0 57.81+4.81 -0.1241.40°  -11.7+2.85°
1 56.13£5.20°  -031+1.34°  -8.17+2.38"

600 MPa ) . )
2 53.4843.71° -1.39+1.60 -6.59+2.26
3 53.06:4.14° -1.80+1.16"  -3.27+2.79°
0 72.26+0.61° 12.7344.24"  5.63+027"
1 70.68+2.36° 12.74+4.24"  6.86+1.48"

400 MPa & Heat

2 70.67+2.10" 11.33+£3.74"  9.1240.56"
3 69.76+3.58" 11.59+3.79"  11.31+0.56"

Note: Mean + SD of six determinations.

Different superscripts in the same column indicate significant differences (p<0.05).

9 ad A d o Juyy A £ '
Posuazinunlumamnunmilddes (MW 3.20C 1Az D) FWANA1INAITIIENUVD
d' 1 9 oy dy =< d'd a
Ayensa MazAmIy (2002) AWUNANNAIWIIDTUMIQUINvouvailolamunuaANLMIIAY
Ts@unwanaundeniddosas 13  wazrmiumslianusoulimunnidiedian luinmsd
~ A o = P A a A o
Tsunarauaendy wennnll Zayas (1997) laanwimsanllsdunaraniaenizly

9 1 =1 = v A 1 A 9 2’ Y Aa
ulﬁﬂi@ﬂ NUN Tﬂmuwmﬁmmam’mwa@mmsmzummmmia“lumsqummaﬂﬁﬂiaﬂm

Y
a o

4 4 4 Y
madnhlugasmanan Nefidmedmaiieinaduaiimsiassiwenaineailiaims

v ' 1
o 2 0

= dg’ v ll é’ Y o Y [ ' 1Y Y a
FYFUUNNNINUYY uaﬂumammamaf]qQmm1/1mumﬂwﬂ”Jmﬂuiauﬂummmun

v Y v

Y
msgadeimingendt uaziinnwawisolumsguiniosndiedieiriiums linnuau

= 1

2 3dyc§ =i 1 Y @ <3|
INIDYINAY D ‘VN‘L!!JJLlWﬁll15]”Iﬂﬂi?.ﬂJ’Juﬂ”|§LLﬂi§j‘]J‘ﬂLmﬂ@nﬂﬂu LWi"uxwuﬁx"laTﬂmmﬂu

@

usziinnuasdIneaNuRLg uagnihia1eaenuieu (Messens ef al., 1997)



65

A)
(] 600 MPa 400 MPa & heat

2.50 . .
S 2.00 T T
S
g 150 - b - %
= C
2100 - cd
= s de d -

050 | e % _ £

0.00 ==

0 1 2 3
BPP concentration (%)
(B)
3 100 L] 600 MPa 400 MPa & heat
:;. 8() a a a a
Z _
g T [ b T b T b
< b J_
c 60 |1 T 1] - Ly
£ T
e
= 40 — % / //
2 _
5
=
0
0 1 2 3

BPP concentration (%)
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(600 wnnzthania figaiigil 28 eruwaifea Wiy 20 17) wSemslianudy
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Weight loss (A) and water holding capacity (B) of black tiger shrimp gel added with
0-3% (w/w) bovine plasma protein and induced by pressure (600 MPa, at 28 OC, 20
min) or pressure-heat (400 MPa, at 28 °c , 20 min/ at 9OOC, 20 min)
Bars represent the standard deviation of six determinations.

Different letters indicate significant differences (p<0.05).
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TCA-soluble peptides of black tiger shrimp gel added with 0-3% (w/w) bovine
plasma protein and induced by pressure (600 MPa, at 28 OC, 20 min) or pressure-heat
(400 MPa, at 28 °C, 20 min/ at 90°C, 20 min)
Bars represent the standard deviation of six determinations.

Different letters indicate significant differences (p<0.05).
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Breaking force (A) and breaking deformation (B) of black tiger shrimp gel added with
0-3% (w/w) bovine plasma protein or induced by pressure (600 MPa, at 28 OC, 20 min)
And pressure-heat (400 MPa, at 28 OC, 20 min/ at 9OOC, 20 min)

Bars represent the standard deviation of six determinations.

Different letters indicate significant differences (p<0.05).
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SDS-PAGE of black tiger shrimp gel added with 0-3% (w/w) bovine plasma protein

A: Non- reducing; B: Reducing; MHC: Myosin heavy chain; M: Marker; lane 1-4:

gel induced by pressure (600 MPa, 28 oC, 20 min) and added 0, 1, 2 and 3 % bovine
plasma protein, respectively; lane 5-8: Gel induced by pressure-heat (400 MPa,

20 min/9OOC, 20 min) and added 0, 1, 2 and 3 % bovine plasma protein, respectively.
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Weight loss (A) and water holding capacity (B) of black tiger shrimp gel added with
0.1% (w/w) microbial transglutaminase and induced by pressure (200-600 MPa, at 28 OC,
20 min), set (at 25 OC, 2 h) and heat (at 90 oC, 20 min)
Note: Samples treated by setting at 25 °C and/or pressurization at 200 MPa were not formed gel.
Bars represent the standard deviation of six determinations.

Different letters indicate significant differences (p<0.05).
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Breaking force (A) and breaking deformation (B) of black tiger shrimp gel added with
0.1% (w/w) microbial transglutaminase and induced by pressure (200-600 MPa, at 28 OC,
20 min), set (at 25 OC, 2 h) and heat (at 90 oC, 20 min)
Note: Samples treated by setting at 25 °C andor pressurization at 200 MPa were not formed gel.

Bars represent the standard deviation of six determinations.

Different letters indicate significant differences (p<0.05).
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400 uaz 600 wnnzhaAa W1 20 W1 AUAIED waz  12-14: aegraiiHumIL
m3lfanusudil 200 400 waz 600 wnnzthaaa w20 Wi wazldanudou
RILR S

SDS-PAGE of minced black tiger shrimp gels added with 0.1% (w/w) MTGase and
induced by pressure, set or heat treatments. A, B: non-reducing; C, D: reducing; MHC:
myosin heavy chain; M: marker; lane 1: set at 25 OC, 2 h (Set); lane 2: set at 25 OC, 2h
and heated at 90 OC for 20 min (Heat); lane 3-4: pressurized at 400 and 600 MPa for 20 min,
respectively; lane 5-6: pressurized at 400 and 600 MPa for 20 min prior to set, respectively;
lane 7-9: pressurized at 200, 400 and 600 MPa for 20 min prior to set and followed by
heating, respectively; lane 10-11: set prior to pressure at 400 and 600 MPa for 20 min,
respectively and lane12-14: set prior to pressure at 200, 400 and 600 MPa for 20 min

and followed by heating, respectively.
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Weight loss (A) and water holding capacity (B) of black tiger shrimp gel added with
0-0.2% (w/w) microbial transglutaminase and induced by set at 25 °Cfor2h prior to
pressure 600 MPa at 28 °C for 20 min

Bars represent the standard deviation of six determinations.

Different letters indicate significant differences (p<0.05).
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Breaking force (A) and breaking deformation (B) of black tiger shrimp gel added with
0-0.2% (w/w) microbial transglutaminase and induced by set at 25 OC for 2 h prior to
pressure 600 MPa at 28 °C for 20 min

Bars represent the standard deviation of ten determinations.

Different letters indicate significant differences (p<0.05).
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SDS-PAGE of minced black tiger shrimp gels added with (0-0.2 %w/w) microbial
transglutaminase then induced by set at 25 °C for2 h prior to pressure at 600
MPa for 20 min. A: non-reducing; B: reducing; MHC: myosin heavy chain;
M: Marker; lane 1-5: added 0, 0.05, 0.10, 0.15 and 0.20 % microbial transglutaminase,

respectively.
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Microstructure by scanning electron microscope (magnification: 10,000x) of minced
black tiger shrimp induced by pressure, heat and combination treatment; A: black tiger
shrimp gel induced by pressure (600 MPa, 28OC, 20 min); B: black tiger shrimp gel
induced by pressure-heat (400 MPa at 28°C for 20 min/at 90 °C for 20 min) C, D: black
tiger shrimp gel added with 2%(w/w) bovine plasma protein induced by pressure-heat
(400 MPa at 28°C for 20 min/at 90 °C for 20 min) and pressure (600 MPa, at 28°C for 20
min), respectively; and E: black tiger shrimp gel added with 0.15% (w /w) microbial

transglutaminase induced by set-pressure (at 25 °C for 2 /600 MPa at 28°C for 20 min)



