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Supakchon Klongdee 2010: Effect of Chitosan on Stability, Microstructure and Rheological
Property of Tuna Oil Emulsion Stabilized by Lecithin. Master of Science (Food Science),
Major Field: Food Science, Department of Food Science and Technology. Thesis Advisor:

Ms.Utai Klinkesorn, Ph.D. 131 pages.

The purpose of these experiments was to determine the influence of chitosan on stability,
physical and rheological properties of lecithin-stabilized tuna oil emulsion. A lecithin-stabilized
emulsion (primary emulsion) was prepared by homogenizing 15 wt% tuna oil and 3 wt% lecithin in
acetate buffer (pH 3). Chitosan solutions with different molecular weights (low molecular weight
(LMW); 120 + 98 kDa, medium molecular weight (MMW); 250 + 60 kDa and high molecular weight
(HMW); 342.5 + 45 kDa) were added to produce secondary emulsions with final composition of 5 wt%
tuna oil, 1 wt% lecithin and 0-0.25 wt% chitosan. The effects of chitosan concentrations and molecular
weights on the properties of emulsion were investigated by evaluating the electrical charge (C-potential),
particle size, microstructure and rheological property of emulsion. The C-potential of lecithin stabilized
droplets in the emulsion changed from negative to positive when chitosan was added to the emulsion.
This result suggests that cationic chitosan adsorbed on the surfaces of the anionic lecithin-stabilized
lipid droplets, which is consistent with microstructure from confocal laser scanning microscopy. All
emulsions were stable to droplet aggregation, with the exception of 0.05 wt% chitosan. The emulsion
viscosity increased when chitosan concentration was increased. All emulsions showed Newtonian flow,
with the flow behavior index was approximately 1. However, the shear thinning behavior was observed
for emulsion containing 0.05 wt% chitosan. The stability and properties of secondary emulsion to
thermal processing (30-90°C for 30 min), freeze-thaw cycling (—18°C for 22 h/25°C for 2 h), high NaCl
concentration (0-1000 mM) and pH (3-8) were determined. The C -potential of the droplets decreased
when the pH and salt concentration was increased. The secondary emulsions had good stability to
droplet aggregation during thermal processing but they were unstable to freeze-thaw cycling, high NaCl
concentration and high pH (pH 7 and 8) and these unstable emulsions showed shear thinning behavior.
Utilization of tuna oil multilayer emulsion which proper condition could lead to the creation of food

products with novel characteristics or improved nutritional quality.

Student’s signature Thesis Advisor’s signature
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'
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=<K 9 = = 19 [ aa =\ = =K 9 =
f9dovaz 37 naziilnduogiovay 15 druadnuioglugimail Tndugediesas 23 uazdilas-

U

= Y Aaa Aa Y = A 1 g’ o o
ﬂmma"l,imaaaz 3 ﬂmﬂ1W"lJE]\1mG]i‘Vlu‘ﬂﬂ%gﬁﬂiﬂﬁﬁﬂigﬂ@‘ﬂﬁ]uﬂ YU UITUU mﬂu"lamm
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aa = Aa A o 9 aa 1 1] os: 12 A dd:j Y 9 aa A
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souo lFarnal wu lelasnumesoonlad selumsnond 1 ladaudesms Gnnnssu
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M990 1 ded1viadvhaoosnleslaenaldluemsotatu

Chemical Name Abbreviation EU Number U.S. FDA ADI (mg/kg) Solubility HLB Number
Ionic
Lecithin E 322 184.1400 NL Oil/water 8
Sodium stearoyl lactylate SSL E481 172.846 0-20 Water 22
Calcium stearoyl lactylate CSL E482 172.844 0-20 Oil 5.1
Nonionic

Sorbitan monostearate SMS E 491 172.842 0-25 Water 4.7
Sorbitan tristearate STS E 492 - 0-15 Oil 2.1
Polyoxyethylene (20) Polysorbate 60 E 435 172.836 0-25 Water 14.9

sorbitan monostearate

Sl



M31N 1 (719)

Chemical Name Abbreviation EU Number U.S. FDA ADI (mg/kg) Solubility HLB Number
Nonionic
Polyoxyethylene (20) Polysorbate 65 E 436 172.838 0-25 Water 11
sorbitan tristearate
Polyoxyethylene (20) Polysorbate 80 E 433 172.840 0-25 Water 15.0

sorbitan monooleate

HNEeKA ADI = acceptable daily intake

NL = not limited

31 McClements (2005)

91
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o \—0—P—0\_
il z
o
i 4 Taseadaves sn-glycerol-3-phosphate
A Bueschelberger (2004)
. @ cH
Z= TN Phosphatidylcholine, PC
| “CH;
CH,
o, /\G,;?H3 Phosphaﬁdyiethanolamine, PE

Phosphatidylinositot, P}

. Phosphatidic Acid, PA

M 5 ealwanawsiina1ee MAAIN glycerol-phospholipid TUAAIU Z 1199

fn Bueschelberger (2004)

(<)

aa { a g 1 = ;g @
gnunilusssumailunrasuesInau (choline) Fuiluasdifny

=

nvneglunquiaiui Tasdlvgnwueglugiweavhiaaladuwio lnduddsy Taaul

ke

o & 1 oA A g s A v Y
AnuIududeT NMerawed1Ine uaiulsznouve uBoHUXAA o uANEY NAWILD
¢ o & o a
wadsyam 5au9i9 laTnTds@u (ipoprotein) Wuansdadulumsadseziynialnau
Y o 4 | \ o o {
(acetylcholine) Fautuasdotszamildlumsaeanszuatseamvesaves saunailuansi

1 A 1 4 v o & a a . .
I nguaunasdu (Miller, 2002) uaznia lusiuduiu fie nsadTwadn (linoleic) taznia
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a a 9 I~ % 4 1 [ ]
aluadin (linolenic acid) Fuilunsa lugiunsameluaunsadunsizd 14 doalasuan

1 :JI R v I v Ao & [l [ a Aa I~ ] 1A @
sy datunsa lvafunduilusdesianme Tasnsaa Tuadnilunia lusiu lududn

3 1 . % 4 o 1
WAOR MU (polyunsaturated fatty acid) F9U5znouAIeA15 VO 18 DzADN INUBZATDS

v
1 =

o ] Aa a I o [ 9 & A v o ) oA
AN UN ﬂ’iﬂaTumaﬂlﬂuﬂiﬂllﬁlmuﬁll,!ﬂqaﬂ@mm—6 PBIUWUDTEALTNNATTUDUA WU UIN 6

QU

Y v
nnlaevyuiia Wuasdsdulumsadiees Tuuvag luiuisuilulusenme suilude

o ] 4 a I us/‘ [ 4
MIMNUYIHIT IR N UBATUVRIRBIATNDI0a HaziuaTaadu lumsduns1eH
a 1 a 1] 1 o 1 Y] 1 1 4
Tsaamwnauau daunsa laTueidninusgawd wnus Wusequsnegasinsiuou
o ] d' a = (. 9 ] [ = d Q‘ [
uran 3 ndarawia sz Tewiludussanszan lasnawe 158 semuszaums
lnadoudeauazaannuaulaia @iuaduanud thsaues uazaoa (H5en, 2548;

Boyle and Long, 2007)

aa o 9 A 2 Av A a N Y A
mgnuamnsatmihndudiagihessenud 1a iiesainluTuanaves

aa A A g @ £ o wva a A 1 A 1 :1 1 A
gacmnummu‘nnJuﬂiﬂ"lwumamwmﬁuumﬂu"laT@sTNuﬂ ﬂamuw"lmaum g HIUN

Y
= Q.

| Il £ (K A a a aa A 1 A o
Whunyemadenesdgnuansonodoea (polyol) Hamauiia lalasilan Aediuniseii

q

[ 1

o [ Aav Aa a 4 qg/l 42’ LK) o a A
Tumssmuadnvazvesdiadrheduenuaivivedgnudadiuvesroarhlag 3 aiia fe

aa A

Woavhnaalaau oavhnaaem Iuaiiu uazWeannaas ludaoa Falumsiinly 141y

P
s v Y ~

Aav o a :} o 09/ aAa { ) aw a a o 1 a
araruyiahuului esnunduovagvhedsenuanaivdesidadindsunanes-

=

an A < an = aa A a
vhaalaauunnige sevasunilueavhnaaem Tuaiiu uazlivoavhnfad Tusaoatioo
d' L) [ aa A [ ) Y a v o a :’ g‘ C% Qall AN o 1 a
e dwmsuagnuinmangdumsi T 5 lusdadustiai luhduiulidedulSunarloa
vhitaas Tugaeainniiga sesasuuiuneavhnaatem Tuaiiu uazWeavhiiaalnduiios

‘ﬁi;jﬂ (UT8, 2548; Ansell and Spanner, 1982)
2.1.3.1 laTasunse laTausu (chitosan)

IaTaznuuenitusvesladui 1dnnmsihnyesdaaeenili|a
A1ONOALDS 2-amino-2-deoxy- 3 -D-glucopyranose FalaTasdimsvi 19 medu
QAFINNITN INYATNTTY LAZFINBANTAATNNMITUNNG (biomedical) lugaanisumsnan
o Taauriu M¥nszuaunisdesmant lumseoslnaulinmedulalas Taslaauiii g
nnnfdenvesdainldenuda (crustaceans) 15U B fa waz1) udu Fafuveaundonn
qﬂamﬂimmmi‘nzmuaz“lﬂﬁuﬁagﬂuwﬁqmaéﬂjmmmﬁﬂﬁ (Fungi) UNTHA 15U

9
Aspergillus 49 Mucor (Mun et al., 2006) Tumsgeenaniived laauiuannsafimuavina
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A b4
TuranavedlaTaanuld e 70 ATasadu (kDa) Yul1 uazszauvesmstivanyoz Faa
9 A Y 1 o PP @ o w 1 ana
Fowaz 50-100 e llanuvannatsuanaiu1d Feszauvesmstiianyos Faaves

4 4
laduiuiuegiuan1iz lumsdesniunil (Dupuis and LeHoux, 2007)

OH OH OH
7
o 4 9 o N 0
HO HO
HO NH
NH2 NH2 0:<
CHs3

M 6 Tasaasamaniivedla Taau
nun: Prajapati (2009)

o w ] an a 3 3| a ] A
Tunszurumsiidanyessaaves lnAauiudumsilanjoziiTu

]
IS Y=

o 3| <
(amino groups) 111# In Taanuiidszpiuvanlumsazanehliauilunsa (o 3-5) lnTaanu
1 g; :j Al A 1 & Ao dyo Y a
TuazaeTumiwwszihimieyunni 6.5 Fandieriii 1 laTasunansanazney ua

fuTuana 39 ldiRansazate (Mun ez al., 2006)

4

o L @
msilalasnuhlidszgndlslugaaimnssuemsiuiinnu
ci d' LY vAa A 9 d' 1 9Y o aaa =1
MenilosnunuauiaFin gaam asunmsuazmadihl§se lalaanudl

v 3’ Y S A vAa I av Aa 4 L.
Aanuenuso lumsdusuh Tviiuasd Saaautidlumsiusdasvheees (Speiciene et al.,

q

a

o 3 ~ o = A v v J
2007) f‘T'llI'liﬂﬂﬂﬂﬂﬂﬁuﬂiﬂiﬂﬂj\lﬂaqﬂﬂ@ 1_]53ﬂﬂ?ﬂ‘ll@ﬂulﬂiﬁ"]f'luﬁnfﬁﬂfﬂﬂﬂlll,clfﬂﬁ!,llll-

Q

! a ~ o a o 4 Jd o
wsuiiilszyavvesgaunidld hldinamssa lnaves TsAunazarsduveswad i lu14
S o 1w a I~ o
Whuensduya essesninausd sazans ianudu Iniluasndovemis fn uazwa 13
§ o a ad { o . ) o .
iesnanuaansenanlugiaunsvlsznuld (edible film) §115VU55901115 (Olivas

and Barbosa-Canovas, 2009)
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naved ln Tnsudeszuudiatu ludiagvhoeesigugil Tnlagu
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WuTwasanles lanndanueusom hfinaanuasduazsmuarsiavesnsasuld Tae
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1 [ a

v Y 9
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v v 9 9
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et al., 1998; Rodriguez et al., 2001) azdiadui ldinnunsdunndsnimiums iany
Y = [ 3’ o 1 = 1 Aa
Fou (100 osruasaiFoe) tazmusuas vuavesreatiiy lutimsnlasunlas luRams

9
1 @ o w ' Iy av A
INZNRULUATHABNITINNUVINIAUTNU (Del Blanco et al., 1999) dulumsiiusiagne

=\

J a a 3| = I <3| A wadyd
wosnagl InTaenuiluTnduyaa lsandlseyiuuan a1 pK, 6.3 - 7 vinguauiativedl
mith lalasuunlFlumsaiie vazsi lvasi luszuusiadu Feanuilulszarielums

[ dy a a' Y o aan [ d'dy a a 42’ ﬁ'
@WBUUH‘W‘IAN’JLLQZLWSJl,!,ix‘]Gluﬂ'lilfllTV]1ﬂ§]ﬂi€ﬂ‘ﬂ1\‘lﬂ§$§ NIIAAFUNWUHNIANAVUIUDIVINLLI

v
v

nlszasznan lalasnunazansaaussdsianiianlszanasanudny e 14 188 dasund

v W Y

Y ] 4 Y v Y
Adudaatesu eliduiila lasuveduneainiuludstadunuuiniuluii ldves

9
o 9

o Y o Y 3 7 av W y v W J
HIYU suﬂ,ﬂaﬂu”lﬂmnﬁu%zaanm?{ammmmmmaua%u Lﬁ@\‘]fl]'lﬂﬂ'lil?\laﬂﬂuigﬂ’ﬂ\iﬂﬂﬂ

e

]
v A

iuiverualelalaanuiedndifessiudiensanialszqguedlalasu (Mun e al., 2006;

Ogawa et al., 2003a, 2003b; Guzey and McClements, 2006a)

Y
Wniin TuanauasszAuMIfIAMYessNa (degree of deacetylation)

Y
3 o

=] 1 wAa 1 Aa v o Y A o Y v 9 =)
¥4 la Taanuiinanenuauiianieg vesdnaduiniuin Inantldnedade Tsdeu Taa-
A o Aav o a a Y g’ o 9 Y
Fadawla (SDS) 11az Tween 20 dlatuNAsnilsznoudeiniudnInasosas 3 uazlnln-

Y 1 v Y
$1uSosaz 0-1 Tasrvin nanududu laTasudr (Tosnsosas 0.05 Tagrimiin)

'
A

9
pyUMIAMEAITWAANTINZNEUTINAINY tazdiadullguniNeionTas Tween 20 doald

Yy 9 ' Ay o ad A 2 A o A 9N ¥
anududulalagnunnnidiadulgunineson Tae Tudoy Tawdadamla o 14 14
Av o a A Y A 1 a9 A Y]
auatuNAsnNAIRT e nuTan1eszysznine laTaanuuag Tween 20 HAios Nszau

q

o w [l aa g’ o < J 1 ¥4 a
mssanyezdnaiosay 40 symansainiulvaanniuazinnszgiiurioynia

Y
weatiiunnNszRuMshiianyes¥iasesas 77 1oz 92 (Mun e al., 2006)

Y
UONINH Speiciene et al. (2007) Wu aANuTUIU lalasu (Sovay

Y Y
0-0.5 Tagniwiiin) THaADMINTZIERIVOIOYNIA MIUBNTFY 1AZANNNTIAYDIDN AT
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<] { o @ Jd o .. av o
WUIAALTN (rapeseed oil) N1 1HAIAIA8 T15AUNIANA (Whey protein isolate) TasdNadu

Y
IS o

a ada Yy 9 A 4 o a4 A2
GlEJQZJ‘VIZJﬂ’JmL"lliJﬂJu]’lﬂIGIG]ﬂu!,WiJsllmJ"Uume!‘mﬂﬁElﬂumuaﬂm AITUUUAINUUN LIS

S o

9

MILINFUAAAT FIAAIDIANNAIAINAVDIDTATY
2.2 viauazjluuyveseiady

2.2.1 9 AT UIFUAD (single emulsion)

]
v A Y] Ao o a

I Ao 1 qul
Lﬂuamaﬂm‘wﬂizﬂauﬁ”amgmﬂmaiuuazmﬂuaﬂmmu “lé’fuﬂaua%u%u

9 9
o w

09} . av o a dyd @ | g‘ @ IS o w
i Tuihiu (W/0 emulsion) difaduastiaiiiiigniamelwdui Sgamameuemiluiiniv

v
=

o 1 9 T ~ I Y Aav o a g’ Y 3’
(HINN 7) AIBYNNDINT 1&un 15y twe Wudu vazddasuytiatiniuluih (O/W
. av o a dy v v W a [ < :’ % Y <3|
emulsion) dUAFUFUAUNAUNUNUYUALLTN Ao ﬁ’agmﬂmﬂimﬂuumu agmﬂmauamﬂu

g’ [ = I 9
U1 19U WY Ve UUT ATN 1UAY (McClements, 2005)

2.2.2 DifaduFaFou (multiple emulsion)

v
v AA v

I A v o = 1 a o

Lﬂuemﬂmmmagmﬂmﬂclu%}ﬂuﬂuﬂg “ﬁﬂlﬂuﬂlﬂﬂlﬁajﬁﬁ‘ﬁuﬂﬂu GRENRR
~ Y3 Aav o Av W 1 Ay o Qz} 3'01 09; d!dgidcu
Lﬁﬂﬂhlﬂl‘]_lu@ﬂa“ﬁucll‘lﬂuﬁ“ﬁu IHU aua%uﬁﬁuﬂuﬂuumuﬁlum (W/O/W) “])'QNHTHJH'J;]J']W]

1o < 03} o = < g’ @ A ~ A a

NYUDN LL@'J;]ﬂ']ﬂﬂ']fJiuLﬂuunJu TNNYAAN VEIUINTSIIAIBYDNN (1NN 8) 15D FUA
:’ o g’ 031 o oy CA | @ 1o I oy =
u1uu1uuﬂuumu (O/W/0) TﬂﬂuWNULﬂuﬁ{‘]ﬂWﬂﬂTﬂu@ﬂ LWI’Ji‘]ﬂTﬂﬂ"IchluLﬂuuﬂlaw\]‘ﬂﬂﬂ

<3 31 o o l {
1N VEINIAUTNUNITSIIAIDY (fﬂW‘ﬁ 8) (McClements, 2005)
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M v v v Y Y
MNN 7 Mndraedvasusudesiaiinuluii (n) vazydasiiluainiu (v)

3: Aaua)ag91n McClements (2005)

MW 8 MNT10090TaTUITIFOU Bia W/O/W (7) Lazwiia O/W/O ()

#31: #a111)ag91n Jansen and Maibach (2001)

A [ A o 9 Aav o a9 2 o L o 1
iHoeInanyaeNFUsouvesdNarFIFaudim 1 lumstiiaselu
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v ] v 3 o v 1 1 A awv
i'l\iﬂ'lfmlqﬂslg Lmzﬂﬂﬁlﬂﬂﬂlﬂﬂﬁﬁﬁ1ﬂiyﬁﬁﬂ (Zheng, 2000) L% mﬂ%’mﬂuﬂana%u%uﬂm
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Y v Y '
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FNHIN 45 DA UTAITFE WU 7 TU (O’Regan and Mulvihill, 2009)
a o Q/ a U U ng
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M15199 2 A9 T VUDN AT UL VR T UA A ATy

d0819TzUUDN Y diagvhooas taz/mieInasianlag lav iy
Fuusn Fuftaeg Fuftany

atiadunAgfil

twnuan In Tna1yay (Beta Lactoglobulin)-tWAAY (pectin)’ wmuanTaTnayau (+) AR ()

aEnu- 1o Taau’ @ENY () TaTaau (+)

Tan@en Tawsadame (Sodium dodecyl sulfate)— lalasiu’  TadeuTamsadamla (-) TaTaau (+)
puaTUARYNN

Taaeu Tamzagams - 1o Taau-mwaau’ Tadeu Tangagame (-) TaTaau (+) AR ()

agnu-la Taau-maau DN (-) TaTaau (+) AR ()

i aGuzey etal., 2004; be Ogawa, 2003a, 2003b, 2004; *Klinkesorn et al., 2005a, 2005b; ‘Aoki et al., 2005; “Mun et al., 2006
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5.2.1 time independent non-newtonian fluids
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5.2.1.2 dilatant fluids
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1.1 ddiudamun (U5En #.8.aileu Tnavea $10a (uww) Uszme Ine)
9

[

1.2 aFnuriamal (U5 nefudusida udld Samd dszmelne)

1.3 InTaau (Aldrich Chemical Co., St. Louis, MO) Tutanauuia 120 £98, 25060
1A 342.5 + 45 N laAnadu szauMIiianyozdna Sovaz 75-85

1.4 NIALDTAN (acetic acid; CH,COOH) (U3HM uduaunu oo $1na Uszina’lne)

1.5 nsalalasnaosn (hydrochloric acid; HC1) (Univar, Australia)

1.6 Tmpeunanls ﬁ (sodium chloride; NaCl) (Carlo Erba, Rodano, Italy)

1.7 T@euuesan (sodium acetate; CH,COONa) (BDH Chemicals Ltd, Poole,
England)

1.8 Tndenlans on lwa (sodium hydroxide; NaOH) (Univar, Australia)

1.9 TsaniiuiiloTas'15 1o lsenua (rhodamine B isothiocyanate) (Fluka, Germany)

2. in5eaflouazginsal

2.1 yuAToda

2.2 1n309F41U1 2 §1uHH1 (ARC 120, OHAUS, USA)

2.3 Lﬂ?ﬂﬂ%ﬂlﬂﬂﬁ%@ﬂﬂ 4 @KU (Model SPB 31, Scale Tech, Germany)

2.4 m%‘mmmmmﬂmﬁﬂ (magnetic stirrer) (Multistirrer 6, Velp scientifica, Italy)

2.5 m?mi’ﬂuwammuwﬂm (ultra turrex homogenizer) (IKA-ULTRA-TURRAX" T
25 basic, KIKA®-WERKE GMBH & CO.KG, Germany)

2.6 m?aﬂah%"lwﬁmmﬁuq@ (high pressure homogenizer) (15 MR-8TA, APV
Gaulin Inc., Wilmington, MA, USA)

2.7 m%qﬁuﬁﬂﬂﬁmﬁmmmﬁqﬂ (ultrasonic disintegrator) (Soniprep 150, Sanyo
Gallenkamp PLC,. Leicester, UK)

2.8 1A399ANTA-AN (pH meter) (Orion 5 star, Thermo Fisher scientific Inc., USA)
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2.9 ﬂé’mqam seninou Tvinoatatses (confocal laser scanning microscopy) (Axio
Imager and LSM 5 Pascal, Carl Zeiss PTe Ltd, Germany)

2.10 m?aﬁmumaumﬂuazﬂszﬂq‘uuﬁaalgmﬂ (zetasizer nano-ZS instruments)
(Zen 3600, Malvern Instrument Ltd., Worcestershire, UK)

2.11 Lﬂ?@ﬁiaﬁma{ (rheometer) (Physica MCR 301, Anton Paar, Graz, Austria)

2.12 ’EJ'N‘L{Wﬂ’J‘UﬂﬂJQﬂ‘!WQﬁ (water bath) (EYELA, Rikakikai Co. Ltd., Tokyo, Japan)

2.13 uaudie (SF-C1497 (GYN), SANYO, Thailand)

2.14 é’muquqmﬁgﬁ 25 paf s E (BC-249, FROZEN Company, Nonthaburi,
Thailand)

2.15 IATOINANET (vortex mixer) (VX 100, Labnet International, Inc, USA)
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Tienla Taau 0 1.103+0.02 0.999 0.0008
50 1.096+0.03 0.999 0.0008

100 1.230+0.16 0.980 0.0005

200 1.208+0.05 0.989 0.0005

300 1.117+0.02 0.998 0.0008

500 1.331+0.39 0.939 0.0005

750 1.218+0.25 0.980 0.0006

1000 1.173+0.04 0.995 0.0006

VAN 0 1.0710.03 0.999 0.0020
(120 £98 50 1.105+0.03 0.997 0.0015
A lamadn) 100 1.1110.04 0.997 0.0013
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300 1.1390.05 0.993 0.0012
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750 0.907£0.07 0.999 0.0043

1000 0.761+0.01 0.994 0.0103
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M319N 6 (719)
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750 0.871+0.01 0.995 0.0168
1000 0.849+0.01 0.992 0.0213
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TueulaTaeu 120 +98 kDa 250460 kDa 342.5+45 kDa
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TueulaTasu 0.416+0.018™ 0.419+0.012™ 0.420+0.019™ 0.443+0.017™ 0.435+0.029™ 0.463+0.030""
VUALAN 0.557+0.043"° 0.565+0.030"" 0.571£0.027"° 0.573+0.019™ 0.570+0.038"" 0.577+0.045""
VUIANAN 0.765+0.035" 0.775+0.022" 0.780+0.040 ™ 0.784+0.055 ™ 0.778+0.087 0.783+0.045 "¢
vualvig) 0.863+0.029™  0.869+0.049™  0.889:0.033™  0.889:0.050""  0.889+0.048"  0.884:0.039"™
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NN AI9NHT A-C HUIYD1 UANULANA NN UDI NI UITINLY (p=0.05) ﬂqﬂI@“BWUINLﬁQaﬂIHTQLﬂﬂQﬂH (LUIUDU) Liﬂ\?ﬂﬁﬂﬂ'ﬂﬁﬂ?ﬂﬂ?‘uﬂﬂqﬂﬂ']ﬂ
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vinaTuanalalaany AnlszanfiuAteymanoatiniu (aalad)
ADUMTHALA JESIRFIEILN
Taigins la Taas 1y -47.6£2.22™ -9.7+1.11"%
< Cb Ca
YUIALanN 54.3+3.72 51.4+2.21
PANAN 53.2+1.52 49.2+2.45™
e lvig) 51.6£1.97" 46.7+2.89"
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v Tuana anudnduves Indounan l5a (Hadluas)
laTagu 0 50 100 200 300 500 750 1000
Taian laTaanu -36.442.50™  -26.1£4.05"  -19.6£3.59"  -13.8£2.95 " -822+11.37  -8.2048.41™  -7.9+8.95"  1.0£11.71"

Tuanavuaan 604550 363326  312+3.32° 275336  22.1x7.68""  17.9+6.53""  14.4+4.93"  10.5+5.28"
Tuanauunanals  59.4+3.24” 30946257  295+2.60°  23.5+3.02"  18.8+9.71" 1724852  122+10.1"  9.96+4.66"

Twanavwalug 58244207 324:3.66° 2924298 2284205  20.6+7.42"%  15.0+104™  125:7.01"  10.5+7.51"
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MmN 08 vinaeymaneatiniuludiadulyugd (ludus laTaenu) uazndeginlsznoudlslalaau Tuanavuiaan (120 £98 kDa) nag

(250460 kDa) ttaz 11ia) (342.5+45 kDa) ANt uved Tndeounaslsd 0-1000 Jad Tuans

v Tuana anuutuves y@sunan 154 (Haa luais)

TaTaau 0 50 100 200 300 500 750 1000
TudulaTas e 0.43120.029™  0.562£0.037™  0.637£0.041<"  0.655+0.043"  0.666£0.055"  0.690+0.034™  0.686:0.034™ 0.637+0.025"
VUALAN 0.680£0.044"  0.757£0.060%  1.072£0.152"° 1.085+0.107"" 2.090+0.846"°  2.209+0.897™ 5.163+1.92"  5.857+2.03"
VUIANAN 0.846£0.059"  1.306£0.130%  2.297+0.427°" 2.652+0.421" 2.559+0.453°  3.319+0.638" 4.097+0.818" 4.095+0.536"
e lvig) 0.996:0.080™" 1.173+0.330™™  1.473+0.408™ 1.526:0.414™ 1.565+0.349™  1.577+0.300" 1.720+0.318" 2.834:0.454"
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M319WUINd 19 Anlszgiiuiveseymaneaiwiulusiasulyugil (b laTaew) taznasgindsenoudiela Tasu Tumnavinaman (120

+98 kDa) 1A (25060 kDa) Loz 11ia) (342.5+45 kDa) NWI0% 3-8

viaTuanalalaanu Wiow

3 4 5 6 7 8
Tidala Taau -44.3+337" -42.0+3.51" -27.7+3.14™ -23.8+3.18"" -25.8+3.38°" -29.4+3.62"
Tuanavuaan 56.5+3.22" 44.9+1.62™ 30.6+4.09" 17.6+7.02" -5.83+7.96™ -28.2+5.89
Tuanavuiana 54.8+3.07" 43.242.19™ 30.5+3.48°" 18.3+2.65" 1.4+2.06™ -19.949.35™
Tuanavuia ng) 54.2+2.10" 42.1+2.24™ 29.0+2.56"" 18.942.34™ -22.245.70™ -21.543.56™
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v o =®K A 1 o 1 = [ d‘ = [ = v W "9
NUUY AI9NHT A-F HU1EDI UANUUANA NN UBYNUUITIATY (p=<0.05) ﬂqﬂI@WTHTMLaQﬁﬂJHWQLﬂﬂ’JﬂM (LUIUDU) Lﬁﬂﬂﬁ’)@ﬂ]&liﬂWﬂﬂ"lu@ﬂul‘]Jiﬂﬂ

v @ @ o
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viaTuanalalaanu Wiow

3 4 5 6 % 8
Tidala Taau 0.382+0.025™  0.375:0.045™"  0393:0.055"  0.421£0.052”  0.405+0.052"  0.370+0.032"
Tuanavuaan 0.659+0.037"  0.813+0.038""  0.810+0.060"" 1.000+0.224 1.526+0.39™ 2.369+0.704"
Tuanavuianan 0.7910.037" 0.876+0.050" 1.117£0.173™ 1.459£0.253°  2.523+0.696 3.173£0.657"
Tuanavuia ng) 1.074+0.117" 1.295+0.149™ 1.440+0.128" 1.72740319™  3289+1.212%  3.420+0.860"
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H [ g A wvAa a 3
ﬂ151ﬁﬂ1ﬂﬂu3ﬂﬁ nl ﬂ']ﬂ'i%ﬂﬁﬁllﬂ?“ﬁ%ﬁllﬂﬁﬁﬁu')ﬂfl"lﬂ'i%!tﬁ"l]@ﬂﬁ”lﬁﬁgaWEJllﬂT@]GB"IuINLaQﬁﬂlu"IﬂLaﬂ (120 £98 kDa) NaN (25060 kDa) Loy

H v Y
Tnaj (342.5+45 kDa) azaneluezamivivlosndiey 3 Hanududulalaenuievay 0-0.25 Tasimin

vualuanalalagu AN ﬁwﬂssgﬁﬁ’uﬁa SilngAnssumsina  dudszinimsdaduler’  dulszdniamdunia K
(Jouaz Taeniiin) ({aaTad) n (Pa.s")
Tuanavunadn 0.05 30.28:4.34 0.955 0.979 0.0026
0.10 57.33+4.51 1.027 0.996 0.0030
0.15 65.3£3.25 1.007 0.999 0.0043
0.20 64.7+3.74 1.091 0.996 0.0038
0.25 67.23+7.73 0.992 0.997 0.0071
Turanavinanan 0.05 39.33+2.08 1.009 0.992 0.0024
0.10 62.03+0.93 1.096 0.995 0.0024
0.15 65.3643.56 1.100 0.996 0.0036
0.20 66.334+7.17 0.976 0.995 0.0080
0.25 68.81+8.71 0.975 0.995 0.0099
Tuanavinalvig) 0.05 29.37+4.67 1.034 0.998 0.0033
0.10 64.40+1.55 0.976 0.997 0.0071
0.15 66.80+5.40 0.971 0.999 0.0111
0.20 69.96+2.27 0.989 0.999 0.0142
0.25 77.66+3.97 0.979 0.999 0.0193
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AEMIMUIU

4
FBMsmMArHNgANTIUMS @ (Flow behavior index; n) dudsza@nsanudunila
4
Lgazﬁuﬂizﬁmmimﬁu% AMNFUNITUDI Power Law Tﬂﬂﬂ']ﬁﬁ%’]\iﬂi?ﬂﬁgﬁ'l'l\‘lﬂ'm@ﬂ']ﬁﬁw
9 = 1 a R [ = d'
ANWUAURDU (log shear stress) LASAIADNITNUDATINITIRDOU (log shear rate) (MIWNUINN A
4

@ 9 A Y A 1 v A a A " o Aa a
1) ﬂ')n]"]fuéllﬁ)\uﬁl‘lﬂﬁ'w\l‘lﬂulﬂ 19 ﬂWﬂ%’qu]@]ﬂﬁﬁﬂJﬂWiulWa HAazaaalnU Y AB maudseans

Y A
ANMUVUNUA
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AS19NUINT 91 ﬂ'wmmgﬁ’mﬁau BDAIINITINDU aam?ﬁummﬁmﬁau LLﬁSﬁ@ﬂT?ﬁNﬁ@iT
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ANMAUIR DU CELREALLY fnIMIINOU a3
(mPa) ANUAUR O s 9N IMIINOU
5.46 0.73 2 0.30
17 1.23 7.29 0.86
344 1.53 12.6 1.10
49.4 1.69 17.9 1.25
64.9 1.81 23.1 1.36
79.9 1.90 28.4 1.45
95.2 1.97 33.7 1.52
111 2.04 39 1.59
126 2.10 443 1.64
142 2.15 49.6 1.69
158 2.19 54.9 1.73
174 2.24 60.1 1.77
190 2.27 65.4 1.81
207 2.31 70.7 1.84
224 2.35 76 1.88
240 2.38 81.3 1.91
254 2.40 86.6 1.93
271 2.43 91.9 1.96
288 2.45 97.1 1.98
303 2.48 102 2.00
319 2.50 108 2.03
337 2.52 113 2.05
354 2.54 118 2.07
371 2.56 124 2.09
388 2.58 129 2.11
402 2.60 134 2.12

418 2.62 139 2.14
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