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miteiiingusrasdlumsinsnsldmsatnanamieivilaeliluniafusiaagniulan Ty
awseildlunided fo amdrwins (Solieria robusta) nsAnwianmefimnganlunisafanyii
guvgluayssesnalumsimnyudoulinasoaudinemenmuesansain Taenuinsadnamselngsd
gamgll 121 °C aaesanmzdwmaliimmudusiwania (gel strength) ganimslimiudouiigaungd
90 °C athaileddty (p < 0.05) winsadafigauugll 121 °C Wunan 30 Wil fidn % syneresis ﬁeaﬁqm
vnduthasafaananie (adddulovesamiie) ananedndrn dalugiivaqding Aa
(Mulloidichthys martinicus) Wasg3iuamineunania FA (Nemipterus hexodon) fouay 0,1, 3 uay 5
Tnsimiinideua iendneagniuuam nuimsduasataainamielnssiesay 5 lugiivangd vh
19iAn expressible water amas (p < 0.05) A1 gel strength Wa¥ hardness (p < 0.05) Wi il
Wisuidlsuiusegaiugy suriimadumsainanamhelnstesas 5 lugiiuamssunslaiviilien
gel strength LLazﬂ"lm:Lﬁaﬁ’uﬁaumﬂma%'mﬁqati’mmw]u (p > 0.05) vamsAnwilaseairsluszaugania
vonvagniuInegiivhaesuila wuthetiiinfuasatnainamitsiosas 5 uanimaidouderiu

ynfuredlasadientis 3 1 wesiivevivvuindnas

AR : asannAINaMsY; Solieria robusta; LaagnTulat; Yalivangns; gilivamunas

Abstract
The objective of this research is to use seaweed extract in fish ball gel. The seaweeds used

in this research was Solieria robusta, and the optimum conditions for extraction of seaweed was

*HIURAYEUUNAIY : wsompongse@hotmail.com



Mg memaniiuazmalulad i 22 aviuil 1 unsaax - Fura 2557

studied. The results showed that temperature and heating time had affected the physical
properties of the seaweed extracts. Both of the extraction at 121 °C showed higher in gel strength
(p < 0.05) than the extraction at 90 °C. Moreover, the extraction at 121 °C, 30 min exhibited the
lowest in % syneresis. Then, the seaweed extracts (solid gel with traces of seaweed fibrous) was
added to goatfish (Mulloidichthys martinicus) AA grade and threadfin bream (Nemipterus
hexodon) FA grade surimi at 0, 1, 3 and 5 % (w/w) to make fish ball. The result showed that the
addition of 5 % in goatfish surimi decreased expressible water (p < 0.05), but increased gel
strength and hardness (p < 0.05). However, the fish ball added with 5 % seaweed extract in
threadfin beam surimi were not significant difference in gel strength and textural parameters from
its control gel. (p > 0.05) The microstructure of fish balls from both surimis appeared that the
addition of 5 % seaweed extract would induce more interconnected three - dimensional protein

network with smaller voids, comparing with its control.

Keywords: seaweed extract; Solieria robusta; fish ball gel; goatfish surimi; threadfin bream surimi
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[ & W a e 3 £ s 'L Uv U L o ow o o £ aa
3'1145'1?“‘“14'3mﬂﬂﬂﬂuﬂﬂ‘iﬁ’mﬂ‘ﬁfﬂﬁxiaﬁu LUINILUNTIUTUUTHURELNENGANUTIAIYITNTT

luvansgpaminssy 16un gramnssuemsuyed  f19  Talinsduansielasnoaaesd iy n13
wazdnd gRAMINTTIET UaYRAIMNTTUNISHER wiuiamisduuy dwalinaeslysiu
lelnsreaassdaiingna 4 Wy Sadumainaivsny edniflnruudauswandu (2 Maidiu flaxseed
sea spaghetti iWalwaausUIINAMTIEaETU qum darabilusuiiavansluinfenmusiona
ArdsduuuanamsisTngs uarfusnaiusie  30UNINTU % syneresis  veuvaiiAianas uay
wius Badumsateanamsenguiihmauasd Taswadnszdugamainnisidensiefuradase
uns asafmvanfitumedudnelsduiontie e hmmhennt (3] venaind demiRdming
suifuhesfamsnssnefuariimdy 8 dietary fiber fifussduszneuvasaming &
uilp annsaldusudsadedudavesomnsld (11 and@lunisfudinagaanuanuisalumisgedy
Failmsthamseuldusdgmiuandilumsdu 1l (4] Sedaslin water holding capacity ¥4
thuarloiy wasdfvsadedudalundndus  #andusiildniadu wazdisufudyaandd

lada IﬂEﬁ%ﬂWiﬁQU'LWE}jm‘ﬂuﬂqiaﬁﬂﬁﬂiaﬁﬂ emulsification wag gel formation YOINARNMUY

3 u’:v wr [ = W e | = ' "
1nams1edy e19ldauIaunian Ui uf [51 19U MSLANAINIIY sea  spaghett
) ' = ¥ w 5 " " " § =i
gamgiiuaziiainie q Juanarsiuluamieus (Himanthalia elongata) Tudunausaivile?
avwiln vouilevy dwaluiegrafiusydninmlundu

ﬂqiwamNaﬁﬁmqﬁiﬂiﬁumaqqngﬁaﬂaq ﬁ?ﬂ%ﬂi’ﬂﬁuu"ﬂﬂiu LLEWQF;'\ hardness Wag elastic

e Ao o wr o A e v o= = o = 4
auUAmailoduiavemdnSudiduaudfigmng modulus [6] §aUU uALNSANAMIIY wakame
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(Undaria  pinnatifida) denaliunadiile il
Usunaundeuaylusiush A1 % thawing loss way
% cooking loss uoyas [7)
nmadulelasasanssdifeufuusuile
dufavowmdndusilusiumannidevat vin uay
guamingaviianudifyedimnn idesenn
auannsolunisifamaiindu Esunauan
fngpvasvierievaruaifiguunimlusiugs wasd
auusnansfuluiouaiusasaia femmin
Fifedaldharsadaainamirolnssdaduans
lﬁimﬂaaaaaﬁmﬂ%’uﬂqaqmmwLﬂaqﬂ%umnﬂm
ssdafilanunmiusiuunnseiu lusnddeils
Anwrangiimuzanlunisafaaisadnain
amieinss neliiinsaiafiligennuarlaild
arsafilunisadn uarldasatnonamsieddl
dietary fiber udruusenauluntsudniaagniu
Jan Tneifevaniidontd l6ud g3ivargdinse
AA uazgiivamTisuansn FA vimsuszdiuag
Tuguend arwanuselunisduh dnuvasiile

ar

ula wavlaseaineszdugania

2. gUnsaiuadsnis
2.1 nsfnwanriimunzaslunisaia
gsannInavie
Wauazewmamiteinssaniildan
Auiidbuasiminysrasmellanesys nsuusya
suwieiigauafl 50 °C Huna1 13+ 2 dalua
Tneflauduanvieliiivdosas 12 nifufinw
\Wsuiisvanmeiimnzanlunisadnaisainein
amite 3 anme Wud nsl¥aueulugiaiy
AIVANgUYL ﬁqmwgﬁ 90 °C (Jutaan 1 Falue
mslinmfethmnuduiigumgll 121 °C Huinn
30 wav 60 uni Inglddnsdruvesamsrnsion
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it 1:30 Tnethuindeyianes vmmifunsesans
afnaInamisveuAaEIER LAY 1IUN Nt
ihansanaanamseluiarmmanenmlude 2.2
2.2 MTIAAMNNILAINYDIANTENAIIN
RVt
2.2.1 % yield
Faarsatafiiiunisnsesdediem
ve s asieuiisufuhuiname
whaneunsafafiinisiiudndulusnsiday
amwsen whiy 1:30 feil
% yield = [hwmihansafaanaming (g) -
dminawsieuis (@] x 100 + Ywilnamse
W (g)
2.2.2 mMynAa
wmansadafriunisnsawaeiiu
vilddnnafuunn 50 ml Uduas 30 ml 91ty
selyiansafnudshiiguugiivies wazilyinend
(foiataxbl)
CX2687 14 D65

= w = '
lpeiAse9ind Hunterlab  ju

ColorFlex iluminant 10y
undsiniauas warinsieayu 10 83

2.2.3 mytaenundausiveaaa

wansafafiiuniInTeseiiug

vislddnnefuung 50 ml U3nes 30 ml 910y
selimsaiaudwiiigamaiivies uasthluinai
wlauseUnaa (gel strength) feiadesindnuas
L'ifaﬁ'mﬁ'a (texture  analyzer) ‘ju TA-XTPlus
(Stable Micro Systems, Surrey, UK) Ingldain
cylinder probe (P/10) ﬁ'ﬂﬁiwaumﬁaﬁuﬁmﬂu
msnelvRamtweusaunn (g/cm’) Fednsuda
11 mm/s  AAKUaAINITNIIIRY Marinho-
Soriano wag Bourret [8]

2.2.4 MyIvauvRnu freeze - thaw

stability
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malsafiasinamsisldvaon
dwidumsthusdes $1uam 20 ¢ mnfuthmasnly
umdssit 1000 rpm Wunan 3 urit uazgatiil
gnusnesnin iilerdmidasy twaenshediily
\utigaungdl -18 °C Wi 24 Flua wagtiun
avaeilguvnd 25 °C  Tudrahaiunugungd
Wunan 4 dalus andfushanduwissd 4500
rpm Wutaan 25 wifl ﬁﬂ%’ﬂﬁ‘ﬂﬁgnLLUﬂeanuwiu
wiarseu wardaiminvassvaaes widwon
Fraums Tnevhnsveaestsus iy 8 seuves
msutudawasnisazany (9]

% syneresis = 1§1ﬁgﬂuanaan (g) x 100 +
ThwinshedieBudu ()
2.3 msudnealusivaniievan
2.3.1 mswIuansannanaming

WTBNATANAIINEMI WA WANIY
nsafefidvigaainde 2.1 §elifinnsnseanineen
asafefilddidnvaniuseiifidulovessmie
thansafadananuidilueagniuden

232 n"l'm"iﬂmaaqﬂ%wm

Ung3ivain ¥ (Mulloidichthys
martinicus) 139 AA (A1 gel strength 312 - 337
g.cm) waryIvamstsuns (Nemipterus
hexodon) insa FA (A1 gel strength 395 - 425
gcm)  wnazatwigamgl 4 °C Wuna 1 Ay
wazhilifiauia 1 cm’ anthuthundusasde
\w3asduran u LR - QS - 3LA (Bvfendqethly,
Usrinalne) Auinde¥esar 2.5 1Wuian 2 unil
TasudsUSumarsannainamse 4 ssau laun
fovav 0, 1, 3 uaz 5 lashminidevan Fudu
unuitdausesdudsluudazgas Wuninlng
ovay 0.2 uawfAudiuds iemuguuiuw

& e o | =i |
anutulvipsifosay 80 dndrunausnavilenld
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ldwaglaa Aliduswgudnansauia 25 mm

w
o

nvusulutauvadl 40 °C

il U

wawssluingamgll 90 °C Wunan 20 undl [10]

Wuran 30 i

ﬂﬂnﬁuﬂwmuﬁ’[mﬁ%ﬁuqquﬁ 10 °C 1{una 10
unii fregradild gmirludadmanenmlude
24
2.4 MsusTliunanIenienIn

2.4.1 MsaaauNIsivy (folding test)
Fasothavn 4 mm wdiuess wasiuadasiedn
afs wewuidunidalud wazasliuru 5 Fundl
PIIVADUNITUANTDIFI0EI9 udrliATLUUNIY
st [11] Tnsazuuu 5 wneds Megisluiives
uwnniae Wogniuddan Auuu 3 vanels fegie
usnvmanfudiognitudda wifisesusmnilesu
A3 uazAruuY 1 winefls shegrauanuinainiy
ﬁagnﬁum?a

2.4.2 myinand (L* a* b*) finsatne
8925 mm wazhuniedid (L* a* b*) 14 D65
iluminant 1Juuwasifiauas uaringleAyu
10 a9r Tneldindestadivuiionnude 2.2.2

2.4.3 n1530A" expressible water #n
feglill amndna x 817 x ga ity 0.5 x 1
x 0.5 cm WlUe5ENnI1ensEN1¥NToe Whatman
No. 4 SIUUUAIBEN 2 WY LasAIuaiIegN 3
WHY NAFBUSIANTiTLIR 10 ke/em’ 1lutaan 2
wit Famindretedeusazndanisng ity
ﬂ"”nmm%’aEJawaqﬁ"rﬁgﬂ*ﬁ’uaanmmwé‘qmiﬂm
AegnInnuUasaIn Balange Uay Benjakul [10]

expressible water (%) = 100 x [

Aeugnna - imtinudgnne) + thwiinreugnne]

2.4.4 nsindnwuyifoduda da

a4 ] L) . s ;
W]E}E}NEJQ 25 mm LaguId1InanwlenIiue
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St fowdecindnvaileduda Wudedude
2.2.3 Ineldvhinflunnsneiu 2 Snwese Kell

(1) i1 gel strength (g.cm) A
mnﬂﬁﬂmﬁ’uﬂuaaLLiaﬂﬂummm’Lﬁﬁwﬁmame
(breaking force, ¢) fuszagmsivinnafni
qunseisianiiieauan (deformation, cm) Tngld
Wrin spherical probe P/5s (AauUaininisnig
994 Marinho-Soriano Wag Bourret [8]

(2) 35 TPA nA" hardness,
springiness, cohesiveness Way chewiness Tngld
¥ cylinder P50 wazsrnsnadusreeng
Sovay 40 vosnugslunisnaasiads e
ai$Imadl 5 mm/s

2.4.5 msfinwlassaiiesedugania
vosiegaTagniua

WYBusI0819a 2.5%  elutaral-
dehyde luansavany phosphate buffer 0.1 M
(pH 7.2) Wunian 1 Au flgaumg 4 °C imiugng
Fuietefearsavary phosphate buffer 2
ada fiunan 10 witdends wazdrednadadnei
ndu Wutan 10 wift Mdmhesnandusege
monsutlugaaIududuves ethanol (30, 50,
70 uaw 95 %) 11 30 uiiirenieanuidudu
was absolute ethanol 3 A%s Wunan 10 wiiise
afa vhtufodeliuidfaings (critical point
dryer, Balzers §u CPD 020) warindeutuiiagng
7884 (sputter coater, Balzers §u SCD 040)
wazdanalassaiialusyduganiavewiet1amie
n&eq scanning electron microscope  (SEM)
(JEOL 3u JSM-5410LV)

2.5 MTIATILANNSEDR
TNUNUNIINAADILUY complete

randomized design (CRD) ¥nsnnaes 3 91

71

ATIAAULUTUSIU ANOVA  (anmalysis  of
. = a - W W

variance) NisgRUALEBtUTaYaY 95 (p < 0.05)

wazdasizialuLanA19raIAedone3s

Duncan’s new multiple range test

3. NAN1TIBUALIT
3.1 psAnwanviimurzaulunisadia
dsannaInavisg
nnsAnwansiimuiganlunis
afnarsadnainamstelngs nuinsaded
gungil 121 °C dwaliinanuulusivasags
nmstimudourigumgd 90 °C snsiiudrdiy
(p < 0.05) mmﬁaqmnmiaﬁ’ﬂﬁqmmﬂ 121 °C
bindugadvasamiegniane uazafialdans
Telasaoaassdlutiinafiiinndy wazifledinns
Wuszezhatlunsatelagldmledanusu 1y
1381 60 w9 wuarsanaInaImIIglngailan
ALGILTIveNaa (gel strength) anad A 91N
80.97 + 17.55 g/cm’ (¥ 77.94 + 24.23 ¢/cm’
Fuanslumseil veiiesanamselnsady
amseiillasiadeseu [12] ﬂ'ri'iﬁam'w';mriaﬁ
szozanAuly Sweraillaseadsvesans
afngnyihanglél Wefinrsandd (L* a* b%) wui
Apmaing (L% flendinduesiifediey (o <
0.05) dievhansunisatasrenisidwsieilinu
Fulgaumgdl 121°C dwmiuddden (-a*) uazdd
wdes (b% wuimsaiatuanne s ¢ lvinalil
uanAnsfuegelideddny (p > 0.05) uenani
dlefinrsane % syneresis  wuiinisldndlails
Anusudamaliiien % syneresis fighnin (g'dﬁ 1)
iidlesmnnsadnnigldnnudougduszesion
fudamaliwadvasamhagnihansmnniomsls

Anusaumsiseu lnunsanasmuiifauilaniiy
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VoW o a w =
Wuduresasaiadanduiosas 30.90 + 12.32 &3
Liluansnsegrelldaddy (o > 0.05) fuudum

ﬁ'ﬁaﬁ'ﬂmﬂm‘saﬁ’mnmlﬁmm%'auqqﬁiz ¥laan

30 Ui ($amay 30.62 + 20.20) wazn1sananisld

W = o [ a
puTougenisEagaan 60 Wi llAwiiuievas
40.57 + 22.94

- i | [ A @t i qJ 2
A5199 1 A1 gel strength A8 (L*a*b*) wazen yield (%) vesansanipainamsiglnssfianizmsans

A 9
£y iy wiffoflenudy wifoflamusy
audFvenienin Fonos o . o S .
ol 90 'C 60 Wl | gamgll 121°C 30 wil | gaumnll 121°C 60 unil
gel strength (g/cm’) 41.88° + 6.09 80.97" + 17.55 77.94° + 24.23
L* 9.86 "+ 1.42 11.74° + 0.94 11.41°+ 0.74
" -0.04 + 0.47 -0.06 + 0.63 -0.24 + 0.66
p*"™ 562+ 1.04 5.83 + 2.17 6.62 + 0.79
yeld (%)™ 30.90 + 12.32 30.62 + 20.20 40.57 + 22.94
 =<ih¥au 90°C,60 min
—g o A w o .
z e HUBUARATIUAY 121°C 30 min
3
,\e A
—@—lipilianudy 121°C,60 min
0 2 4 6 8 10
Cycle

= ' i @ ' @
JU# 1 A1 % syneresis vesansainnameinsanvnsanaciig o

3.2  WAavaINANENTENAINAINIY
Twsslundnsnisinagniuva
3.2.1 Msve@auMswu
NNSANWIHAVBINTALATTAR
snamirelnsslusiogranagniuaingiivan
SuarUamieuas M15af 20 wudiainag
ynasumMsHUTeIiBEnuIagniuTe IS
Lifianuusnaniusgditoddty (p > 0.05) Tay

wildFAINMImageuNIRUTeweguaagn

72

Fuvanilefininduarsatnainamitelnssly
Vunaddiadu Arnisneasunmsiuiiuunliiui
g9ty Inefemsvaasunsiugegeluseehaiiil
mMsWisasanievas 5 Wiy 4.60 + 0.51 1fude
LﬁaﬁaaﬂwagnﬁULﬂuﬁduu fog1aianITuANYIA
iy wiliifasosuaniifefuads wazdmsu
r?f':aﬂﬂaLﬂaqﬂ%uﬁﬁaﬁnq‘%ﬁﬂmmwuma nuA
n1svagaunisiuldunnmtefusdaiidoddey

(p > 005 Fadwwnldufendunavasiiag
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e’: L =S =i ! =) '
L9 ﬁqmﬁﬁﬂ?ﬂﬁlﬂ 9N ﬂ‘gi&iﬂﬁ'}{]']‘t} Na3IAe ANI%

w y
=1 =

naaaunsiuiia1gadu elinsidvansaiagin
1 = o o X ]
awmelnsaluGuuniuiv lneainisvagey
o a [ o i o o . ar
msugWigalanndegeiiinaduansainan
1 P Vo
amslnsafsesas 5 wnu 4.06 + 0.88

= o aaddv
Wesnlassairsvensaysinddnwazily

I - = - o B,
lassne 3 4@ mniimsdeuysyauvenduly
Wsduednadisuievnavadnaue glalasaaing

ol = W e s ] o
yauafilinnuudausage [13] Yufe faog1eidl
lassadundanse Tasse 3 87 anunsannduiiy

ko k2 v A a ar
Warelulassadnld degnimeasuniswu

shethdaianuganguas Ligniaaldine

= ' a | i . = v -
M1597 2 AMIVAgaUNISRY ATE (L*a*b*) uave expressible water waaaalusiuiilaningdfivan

o == - a ¥ = |
guavgiivameunsiiinsiiuasataeinamglnsaiaududusing q

Anade + ﬁw;ﬁauwmm‘ng
L38 T - S
v AUUANIINIEAIN Usnuarsadnainamine (% leetmindieval)
gntulan
0 (muAw) 1 3 5
folding test™ 413+090 | 393+088 | 440+063 | 4.60+ 051
= L* 71.19° £ 0.96 | 71.12° £ 1.33 | 69.63° = 1.65 | 67.41° = 2.03
U
2 a* 259"+ 049 | 238 £052 | 223+ 042 | 1.81° + 064
Uange -
b* 1209 £+ 0.52 | 11.97 +0.62 | 12.15+ 0.56 | 11.87 + 0.66
expressible water (%) | 31.01" + 2.95 | 32.96" + 1.08 | 31.17" + 2.75 26.78" + 2.07
folding test™ 380+086 | 353+099 | 3.60+074 | 4.06+0.88
%31l I* 70.28° + 1.62 | 7278 + 1.47 | 7234° + 1.36 | 70.82° + 1.58
Jamse a* 045"+ 0.25 [+-057" £0.29 | 0.81°+0.28 | -1.01° + 0.23
W B> 9.70+ 041 | 9.82+043 | 972+045 | 9.75+0.41
expressible water (%) | 33.86 + 3.64 | 35.43 + 597 | 33.68 +5.39 | 30.85 + 1.28

[ [

=

be w e a Vo ar ¢ s o
**¢ fafildnwsmiuseiuainumuswiennu unnsniuetriiduddey (p < 0.05)

" dunnaresiustniiivddey (p > 0.05)

3.2.2 M3inand (L*a*b®)
1NNsAnINISIRaIsanaeIn
amielnsslufedaagniuangiivaigd
wazUamaeuns (M3il 2) nuivhedeagn
Fudldarntngiviassyiadu Weilnsidiu
Uinasavineaeiu dealiinanseing (1) wae

9 ar

AELA (%) anaseeniidoddey (p < 0.05) Taedl

i L cl L ) Ad - as
Arteuigaludiagrandnisifuarsadnain

F& ]

awselnssfosar 5 osmnansatnanamine
Inseildiden dlelinmsdudlulussuuivavesyid
JuhligsivaSiididdeudiuns uasy3iivan
neunediidYn daduntanas dwmsuadivdss
(b wuiidlefimsifuasadaainaviielngs
Wt lildwasgniltduddgyssadiniowes
fhethaagniuildnngiiiaeswin (o > 0.05)

3.2.3 M expressible water
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2INN1TTAAT expressible  water
vewheguaagniuiiinafvasainainaming
e (e529di 2) wudﬂﬁmﬂ"}dwaqn%’uﬁ‘lﬁmm
g3fivag18iAn expressible  water Yiaanin
shognemuauegniitoddy (p < 0.05) iWading
Wuansatnainamssinsedesar 5 eosn
amieInsedneglunduamiredunsitliansann
lelasponaasivsuanmssiuuy Jaillassadne
Jusegauannguuess ester sulfate (RO-S0)
[14] vlidlefimadudnlvlussuuveaealusiiu
Uan Uszqavvasmisduuuienatindunsisen
fudszauanveslusiu [15) dewalilasainem
Frefaruwiuuisararnsegnilddty 91n
MIT8ve3 DeFreitas WazAme [16] wuirkinig
Lﬂ"uﬁ”waqmmuﬁqmwamauaznwié:uﬁw flefl
maiuafduuilusalusiuidevyiiannse
aratwlaluinds wara1nn1sAneIves Bullens
uarAme 171 wudAnuawsalunisiiniea
vog3iinnuan Alaska pollack firuutuded
Msiiuanisduuy Wesnndunsiterveany
sulfate w99A1§313uuUU myofibrillar protein
wonnililimAsudefunsifulelasnoaasys
msskuuPuiuLlniyndemsiiaeares
\eva nuimedudeamlsadudnlussuuiiu
anadadulassadnntieiiaes Tngoglusiumia
laseainntieedlasiainesasalusiu v
Tlassadrandroudansanniy esainadns
Tassadrndreiudasy vliAamsideudediu
‘iwdwiﬂsaa%"mﬁas(jﬁﬂﬁ’u Jaudurglunis
aumlassaivdnfifedulaelusiua (18]

dmiuen expressible water 194
fetaaagniuiiléaingiivamssuns wudd

nsiiyatsannatnavisielnsalidananann

74

expressible water ﬁgﬂﬁtﬁmmn{iﬁﬁwammﬂﬂm
ns1eunafilusfuqunind Favinld myofibrillar
protein ﬁﬁuwmﬂﬁwﬁ'm‘giw'ﬁwmmﬂsgﬂ
annsoairslaseaine 3 97 veaealregiaudauss
INTIVUBY Lee wavAmY [19] WUIWAYDIANT
lelnsnonnsndtuiuagfuauannselunisnde
198283 myofibrillar protein lnan19ifu gelling
agents 139 thickeners w981 rheological
oroperties lundauifofifinruannsolunsie
wam winndniediauansalunmsiiseg
geavilantiddesas deduarsadalalnsg
aoaasunanamItelnsadelidanananiy
mmiﬂ’[um'i{fuﬁwaau}agﬂ%uﬁmﬁmmnq%ﬁﬂaﬂ
NIIWUA
3.2.4 Myinuioduia

nnsiadneaizieduiaves
fhegramagniuiildangiivanSuaslamse
wadlumedt 3 wudnsiduasafainaining
Tnsslusednanagniudildangiivagd dea
9 gel strength Huwiliufindu Tnon1sifsans
anmanavsuinseiesay 5 dwalvsnetiuea

& et
anauilan gel

u

strength  ganddedeAIUAY
(p < 0.05) WwieufegTagnBuldaInysd
Uamseuns Famuinisdivarsadnainaivig
Inssfouae 5 duwalvimog el gel strength g9
N1eI9g1AIUAY (p > 0.05) dmiunansinm
Snwasiledutauuy TPA lumsnedl 4 wuiinis
Lﬁumsaﬁmmﬂawm'ﬂaiwsa’luﬁmzimaaqﬂ%umﬁ
a1 Elinaaanndesiuai gel strength u
fie Maldutevay 5 denaldariivstideduda
1Aun hardness, gumminess way chewiness i@
ganddedresnIunu (p < 0.05) dmiusetiea

aniuiilanngiiivamaeuns nudimsiiuans
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275515 Iemansuazmalulad

affrnamselnssiynssduanuduiulidama
radiiveliioduda (b > 0.05) sniiudn
cohesiveness Fslligeaplusodhusagniuiild
PINMsifuasainnamsglnssesay 5 (p >
0.05)

a4 ) o
mMsiiatuvedunsisarsening
TusAunaslalasnonasandiulngiintuniu
electrostatic interaction sgWinINguUTEIAUVRS

lelnsneaasuduazUszquanvasluianalusiu

[20] mdduuudsannsoadaldanamieing
\unedudamlsditing sulfate Tuluana 3ol
msnsvaneegnisluiea [15] dufe Uszqau
Y0y sulfate @1ALAREUATATETU myofibrillar
protein virlilassairamdie 3 0@ veslusiu
Armudausannty [15) uenaindauannsoly
nsavareveaiinasTdnuudwanan1suiulys

Tassasramndrevedlusiunie

= ! . - . Y = = o
@139 3 71 breaking force, breaking distance Uag gel strength YeuRagnIuUaIndnsiiuansann

Pnamsnsfmdutuig 9

] o=
ANRAY £ ATVUBIUUIIATEUY

Wagniu 3 e
ﬂ‘:m AUUANIINEATN USuratsanmanammsng (% lesdmdniflavan)
0 (muAW) 1 3 5
93l |breaking force (g) 20255 + 24.57 | 168.22° + 34.94 | 207.58" + 41.28 | 264.23"+ 4684
a8 |breaking distance (cm) | 0.69° + 0.08 0.61° + 0.08 0.70° £ 0.08 0.80"  0.05
gel strength (g.cm) 143.31° = 32,66 | 104.68° £ 35.27 | 147.35" = 45.49 | 213.66" + 48.89
$30  |breaking force (g) 201.96" + 14.08 | 19558° + 47.71 | 189.73° £ 43,76 | 224.46" = 29.44

Uams1e |breaking distance™ (cm)| 0,67 = 0.10

0.64 +0.12 0.59 + 0.05 0.69 + 0.14

uAs  |gel strength (g.cm) 136.04" + 26.60

12896 + 54.66 | 112.36° = 27.71 | 159.26" + 48.68

a.b,

"hlunndstusgriitod iy (p > 0.05)

3.2.5 nsfnslasaaiesgdugania
waﬁuaziwmagn%uﬂm
1nMsAnwlATIasesEAugania
11aaLﬁaaQﬂ%:'uﬂa’mmq‘%ﬁﬂmqﬂﬁﬁméwmmu
Wisuiigufudegeiifinisiinaisadnain
awselnssdonas 5 (Ul 2) wudeagniuvanil
finsduansaiaanamsieing dlassademe
3 fFdfaumuun Tuesiitevinsiifivung
dnasfauandluguil 28 dmfusedraeagniu

yanngiivamseuns wuit Meduaiuaud
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bl ow e o e & = a i a i e o
ALATVHENHINTNUANAUIINULATIUBULAEINU LLﬁﬂﬂNﬂUEJEJNl]uEJEi‘WﬁQJ (p < 0.05)

dnwauy protein matrix faufusgiadussloy
vuridediilinsduarsatnainainiisins
ouar 5 wansfisdnwazyad protein matrix 78M
Suwfuuiuuaransdnuliduiodoty
(heterogeneous) Wntu veneINtifheg1eiiing
Wuarsanmnanamitelnseiesas 5 daflnns
Weuderealassadiemitrefidussdovnay
WUy na1aRe arsanaeInamsNens
Frvinlassairmigrgvaslusiuianuuduss

1A fauanalugui 20
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= e & ar a0 r-d - a w | - woow
AN 4 auumﬂﬁﬂuﬁanna%aqlﬂaa“ﬂsﬂuﬂa"lwﬂuﬂ"t'ilﬁﬂl]a'l'ﬁaﬂﬂﬁqﬂaqﬂi"ﬁJIW‘N“"ﬂ'}qﬂlﬂn’ﬂuﬁ’lQ 9

| o i -
ATRAY = ANUEILUULATEIUY

Lﬂﬁ@ﬂ%’u & ¥ s = = = Yo ——rp
B anvmzmsé’una Usuntuansanavnavsie (% IQBUWHUHLUEI‘UEH)
0 (muAw) 1 3 5
hardness (g) 2210.30° = 161.86 | 2247.58" + 272.84 | 2408.317+ 222.80 | 2566.66" + 261.96
43 cohesiveness 0.757" £ 0.01 0.736" = 0.02 0.763" = 0.03 0.772° + 0.02
e springiness 0.928 x 0.01 0928f + 001 0.930b +0.01 0.933a + 001
qumminess (g) 1671.06° +88.15 | 1655.04° + 209.52 | 1837.01 = 193.15 | 1984.08" + 229.09
chewiness (g) 1550.39° = 77.29 | 1537.47°+ 201.42 | 1709.62° + 189.34 | 1851.04" + 210.97
hardness’ (g) | 2537.98 + 364.49 | 2498.69 = 385.83 | 246293 £ 365.84 | 2667.44 + 374.64
%3l | cohesiveness 0.750°  0.02 0.733 + 0.02 0.733° + 0.02 0.753" = 0.02
Yawmse | springiness” 0.923 + 0.01 0.920 + 0.01 0921 + 0.01 0.924 + 0.01
s gumminess (g) | 1906.66 + 284.18 | 1838.75 + 327.60 | 1824.58 + 356.08 | 2012.56 + 321.40

chewiness " (g)

1759.26 + 254.26

1688.66 + 288.91

1677.54 + 308.07

1858.39 + 278.53

DiC w P o m b e = w i e
& AIFVVUINEINIAUATINUIINUDIUDURLINUY LANFAINNUDEILUY

ns i ' ar 1 [ T S
Liunndrefuedreiidoddy (p > 0.05)

d1fey (p < 0.05)

= v as = o w ' i aa =
3UN 2 Tassafesedugamavesaagniutan (Mdswee 10,000 i) [A = Wwagnuumangilivans

ar

w
a

ntnil

(faeenimIvAY), B

&

wagnBungsivarg 8ndnsdnarsaiaanamitelnssiesas 5 lay

= = a ar ' v S o &
“575%@57]1[“']3[3]1]3’]ﬁaﬂm‘]qﬂaqqufﬂw‘N'jaﬂag 5 IﬂUUW‘H‘umuaUm]
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alan, C = maqﬂ%uﬂa'lmﬂfﬁﬁﬂmmmm (ﬁaashamuau}, D = agnIuangidiva
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nsarsingmaniuazmalulad

arsannainaminelnss Wuars
lelnsneanssdussanminduuy Swautiluns
Juihuedlelasneaasedluszuy o19daali
protein  matrix  fAnautiukarudausanniy
TngasuseiananisduuuiiiaudAdulsegau
PINsAnwlasIaieseiuganIAYes Montero
wazAmy [15] wuiarsielasnoaasudiinnis
geneludnwgnisunsnda (inclusion) tieiinidu
fovi19iifilaseadne (morphology)  wavuuiai
uansraiu Inglelnsneanssdiifivszgaussiin
M35y protein matrix F9o19iARk USRS
A3y myofibrillar  protein ~ dwivlalas-
ApaanuAfilifiusey sriinn1snsratedaia
matrix unliiiadunsisefulusiu Wudesnis
wisndudly Tesanslslasrenasudfiannsaidn
walsily (adsFuuuein kappa Wav lota) 9%

a w w1 e a ' ‘
Lﬂmﬁuiﬂ'iéﬁ'ﬂ\mﬂﬂﬂmaLumﬂun? EJI’U‘UEN’JWQ

5. findnssuuszna

YBUVDUNTEAM NIATVINUIAIERI LAY
wmaluladnise19ns uminendesTsumans uay
yuatuayuanAdy Ussamuddeily dmiu
unAnwssiutusindne Yszdndulszauin
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