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Abstract

The objectives of this research were 1) to study the effects of interaction between
modified starches (hydroxypropyl starch: HPS or hydroxypropyl distarch phosphate: HPDS)
or Locust bean gum (LBG) and k-carrageenan («xCG) on the rheological properties in sucrose
solutions and ice cream mixes, 2) to study the effects of interaction between modified starches
or LBG and «CG on the physical properties of milk ice cream such as overrun, melting rate
and hardness, and 3) to study the effects of interaction between modified starches or LBG
and «CG on ice recrystallization in ice cream through image analysis using heating and
cooling stages for a temperature sweep. The sucrose concentration of all samples was varied
at 12 and 16% (w/w). The total concentration of modified starch or LBG and xCG for each
sample was fixed at 0.3% (w/w) by varying the modified starch or LBG in the range of 0.255-
0.3% (w/w) and the subtraction of modified starch or LBG from total concentration was the
percentage of added «CG.

Flow behaviors of sucrose solutions with or without modified starches or LBG
(control sample) were Newtonian. The sucrose concentrations did not affect the flow
behavior or the apparent viscosity of any of the sucrose solution samples. The apparent
viscosity of sucrose solution containing LBG/«xCG was higher than that of sucrose solution
containing HPS/xCG or HPDS/kCG. For ice cream mixes, flow behaviors of samples
containing HPS or HPDS were Newtonian. Samples containing HPS/«CG, HPDS/xCG or
LBG/xCG were time dependent on shear thinning. The sucrose concentrations did not affect
the flow behavior of the ice cream mixes. Adding kCG to the mixes gave more apparent
viscosity, consistency index, thixotropy and storage modulus but less flow index value.

The storage modulus and consistency index in ice cream mixes were higher than those
in the control samples. This might be attributed to the addition of kCG. Consequently, the

stability of the ice cream and their structures were improved. The overruns of the ice cream



containing HPS/xCG or HPDS/xCG were higher than those of LBG/xCG. Interaction
between HPS or HPDS and «CG improved the incorporation of air bubbles into the ice cream
mixes. However, sucrose concentrations did not affect the overruns of the ice cream. Ice
cream with HPS/kCG or HPDS/kCG melted faster than ice cream with LBG/xCG. The
percentage of ice crystal growth of ice cream containing LBG/xCG was lower than that of
ice cream containing HPS/kCG or HPDS/kCG. This might be due to the phase separation
between LBG and «CG. The hardness of ice cream containing LBG/xCG was lower than that
of HPDS/kCG. The type of ice recrystallization of all ice cream mixes after the temperature
sweep was melt-refrozen. Ice crystal size of samples containing 16% sucrose was smaller
than that of samples containing 12% sucrose solution. The total solid of the ice cream mixes
affected the glass transition in the freezing process. Ice crystal growth of ice cream containing
HPDS/kCG was less than that of ice cream containing LBG/xCG. This means that the
interaction between HPDS/xCG can slow down the ice crystal growth in ice cream better
than LBG/xCG.

In conclusion, the interaction of HPS/«CG and HPDS/xCG can improve the overruns

and retard ice crystal growth that reduces the ice defects in milk ice cream.
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SMP = Skim milk powder

MSNF = Milk solid not fat

LBG = Locust bean gum

HPS = Hydroxy propyl starch

HPDS = Hydroxy propyl distarch phosphate
KCG = Kappa-carrageenan

Tween 80 = Polyoxyethylene sorbitan monooleate
Pa = Pascal

] = Second

°C = Degree celsius

mL = Millilitre

pL = Microlitre

min = Minute

pm = Micrometer

pl = Microliters

g = Gram

h = Hour

G' = Storage modulus

= Loss modulus
= Apparent viscosity

Hz = Hertz
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Method Time Temperature (°C/°F)
Batch 30 min 69/155
High-Temperature Short time (HTST) 25s 80/175
High-Heat Short time (HHST) 1-3s 90/194
Ultra High Temperature > 2s 132/280

UHAINYI: Marshall et al. (2003)
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OH
StOH  ----» SO , HOH
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0) OH
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2.8 e Inauyan lsa luszuuiiluaisnainisomama (Gelling agent) (FUAITIUUKT OINAAY
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anuiouazliglsruilu Spherical naz Tuwumsuenlaluasnauszning BLG iiiuanuiouny
uair-asSuuu Aszavanududuvewalidi-asluuugazmanisuenaves Tl siu
4 ]
(Protein aggregate) UBNVINHIUNUANUFUFOUVDITZ UL TAORAUNARUAUTITHANTZHIITAIAY
v & o 1 v 3 @ = o q¥a < Ay o
AUANFUNTY INNTNAADIAINATINUIIRNFUNsUazMHenih Idinamsueneenitluaeulain 1
i Ao laandutazilamaAy (Croguennoc et al., 2001b)
o a I 4 ' Aa
Ding et al. (2002) ANYINAYDITTAVANUITUTUYDIIAIAULALANFUNTUADUITIAIAIVO
= ' ' = Y o A = =S 2
sruvaeulaNnI ANl sE NI UNAZAIANUNIAIZYNNIUAIBTAT UROUAIN LazTUNNAINTIFY
sUsnvesoyma Tao@ongauuni i 3 dumtannududuaAIInuUY Tie line HANTIVENLIN
1 < 4 a a A da! A A Yy 9 3 4
AITHANTTHIUANTUNTULAZ A WAAN T e AUV HRRINYANWTNTUYDUANFLUNT U
G a dyl =R A 49! @ U Y 9 a =] o
Wioraran TuszuuiamssfsirzdunumanududuvesluTowodmwessemuimninaunis
U994 Flory-Huggins
=2 a o o J = = J
Spagnuolo et al. (2005) ANy IHAVOURFUIUT Tz NURFULaz TNy Tnduaan Tsa Tu
szuvulszneudae undih-msRuuunaz Tanaduny woawadih-asRuunlugy Helix Aszau
9 9 ' Y Y @ a A
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31]7] 2.7 wamm"lﬂaweamamaizuumuwmmzmuaaa (a) Bridging flocculation N3ZAUAIIY
Y 9 a 7o . e L Ao a )
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a [ { I~ [
n31ariianou 1WA (Confocal scanning laser microscopy, CSLM) 91037 l&uaasldimiuinTa@en
a o ] 1 3 ¥ [ 1 a
weadwmanaz lanadudy luasatluiie@ednu'ld (Incompatibility) d9wal¥iina Microscopic
. ~ (=4 @ g}/ Y g}/ = a Y
phase separation Lmﬂm—msmmu“lwwa“lumsﬂ”uﬂqmﬁﬁswwuﬂsu (Cream layer) UHNIVIUIUDI
1 ) 4 a‘{ { a 1 [ [ Y
szuvarunaunsoni leaniusonas Wit ls@euveaduairunu Tanadudy Tasuaii-

a ' . a a o v o : ' @ @ '
A151UUNIZINA Self-association WINNNHINAURFuiuTAUATY F9lunvdanvuzainalu

q 9

drunaunionsirloaniunil sMp iomuunlir-asSuunaslugiunagundouir loaniunld

Tydouueadiuasmnu lanadiuny Wetaguautansinenszuauesdunduniouii losniui
o Yy 9 ~ k4 =2 ' ' @

wlsszauanuinIuvewni-n1313uuu9INTesaz0 89 0.025 WU A1 lugaads ay (Storage

fo2 0y o o a TN o A = o A
modulus, G )Mﬂ1ﬂﬂ8ﬂ’31ﬂﬂh@aﬁqmmﬂ (LOSS modulus, G )‘ﬂigﬂﬂﬂj'lllﬂclthlﬂ'ﬁﬁﬂy']ﬁ'l LIS

[
A A

A ] d’ a 9 Y ] 1 9 o = =S
MNAIAVDILIAA Cross over enduludrvg g Iunauniouiloaniuntuad1-a1519uuu
[ Y 1] 1
Wt uFesaz 0.015 ¥99210a Cross over AdLaITN1HAMUDAVAI0819 Soukoulis, Chandrinos and
vAa A { d A A
Tzia (2008) Anwguautadiniinveslalasnonnosanenmdulian19ineInszue (Rheological
1 Y o =) ~ a 1 < =
property) Yod@aunauniouii loaniuuaznanmaes loansuniaa luseniamany TasAnun
9y
[ ] 1 [ I~
ANHULNIIN1ENIN (Physical property) 151 ANV I w0 loAnTH (Overrun) AAUUTIVDS
El I Y @ v o .. 9y o
Tomnsu (Hardness) 1Wuau uammaﬂymzmdﬂizamﬁuwa (Sensory characteristic) Taglgmsven
~ a v o =1 a @ Y 9 9 %’ o
Funawrag lad N3N LaRgnuoaduaLAsUFUUNUNY ANMTNTUIoEaz 0.1 Tagr1niin naw
o = Yy 9 9 %’ o (Y 1 Y
Ao uatr-asuun anuududesas 0.2 Taguimiin nuNanyuemMs lvavesdIunaunio
o =l A A 4 a 3 . . 1 9 o =l A A
leansuiaulaTasnoaaosannyiailunuy Shear thinning ludrunauwionsiiloansui@au
TReuneadiuarssusuunuiuiuuali-asduuuezl Inseas1991118U939a (Gel network) &4
a A o 9 4 1 = = dy Y @
manlaunusszniauatil-msRuuunazindy uennninanmsnaaeun1elszamduna
9 o 1 = A A = a v Y I3 o ¢ I
fMumseousu wunleansunwu Is@euueaduanaunu 1 uszeznainiu 16 dlaniilu

= d‘ Y a [ d‘
ul@ﬁﬂiuﬂﬁjﬂﬁiﬂﬂﬁlﬂuﬁﬂiﬂﬂﬂt:fﬂ



~—® | inear Viscoelastic Region

Storage Modulus

.__HH
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B Loss Modulus -
r

.
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Modulus

e

Critical Value I

‘_-’
Strain or Stress

g‘ﬂﬁ 2.11 L9529 Linear viscoelastic range (LVR) U04A20819

LHAINW: Steffe (1996)

Shear Stress, Pa

pd 4
“vowionan //

/
i /. Shear-Thickening

chear Rate, 1/s

4‘ a A ldy [
E‘ll‘ﬂ 2.12 ﬂiWV\ILLﬁﬂQgﬂLLUUWQﬂﬂiiNfﬂihl‘l"iﬁ"llﬁ)\‘iW’)ﬂﬂuliJ"Uuﬂ‘UL’Jﬁ1

UHAIN: Steffe (1996)
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d ax
Jaaaunsamazisms

¢ A A
Qﬂﬂim!lﬁglﬂ‘iﬂflﬂﬂ

A A 1% Sq Y = @ ] a 4 A o ] =
LﬂifNiJfJLm5’Jﬁ’ﬂQﬂﬂiﬂ!ﬂi%iﬂﬂﬁlﬁiﬂwﬁ’mt’ﬂﬂ WUATICHUASNATOUAUTNUANIDYINY

3.1.12
3.1.13
3.1.14
3.1.15

3.1.16

322

Woauaiiud 4 osrniaiFoa (PTV 19T/43, Montecchio, Ttaly)

Woauaief -20 persaEos (NT30T/404/43, Montecchio, Italy)

ﬁli} L% L!,"ICJ‘ \‘Iﬁ 35 paA AT O E (ULT2540-5V36, Kendo Laboratory products, Asheville,
USA)

m%mamumaumﬂLﬁﬂ"lmﬁuizuuammmﬁu (Homogenizer 31 15 MR-8TA,
APV Gaulin, Inc., Lawrence, USA)

Lﬂ?'i paihulosn3u (Model 103, Taylor Company, Illinois, USA)

apadnT o dura (TA-TX2, Stable Microsystems, Kent, England)
’dnﬁwmmu’qmwﬂﬁ (Water bath, IKA®

QU

WORKS, Wilmington, USA)
NAPIYANTIAM (ZEISS Scope.Al, ZEISS, Jena ,Germany)

raud3nq (ZEISS LDA-Plan 20X, ZEISS, Jena ,Germany)

AUAVEININULIA 2.5 191 (Octowa, ZEISS, Jena ,Germany)

NA0IAIAEAd 1M UN180 1N (Qimaging Micro Publisher 311 5.0RTVQIMAGING,
BC, Canada)

Heating and Cooling stage (LINKAM TMS92, LINKAM, Surrey, UK)
Talsunsuenwias Sauanan1 I -Solution (iMTechnology, BC, Canada)
insoearhnIn (Mefion 2 uay 4 S
md%muﬁ’mgugmﬁm%mm‘imswzﬁmqmﬁ

1A5093AUANUANININGINTZUEA (AR-G2 Rheometer, New Castle, USA)

UNHINT 9371118 (Skim milk powder, SMP) USu1au T 5@ uTouaz 26.14 (1szneu
Y a9y = JY a o . @
MunTUToay 56 Uaz 1UsAUNITosaY 44.14) 1INUTEN Eligo as. A1515UTFIHA

¥ a o Y
HUINANITI8U1 (Sucrose) INNUIHN TINNHATYATINNTTY 91NA ‘]Jigmﬁhl‘ﬂfl
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323 uadih-msuuu (K-carrageenan) 911 15H% FMC Technologies Co., Ltd eEGE T
UszimAarsgonian

324  JaAaduny (Locust bean gum, LBG) 1NUTHN FMC Technologies Co., Ltd seina
alu

325 wlafudzvdedaundsleasen® Insiia (Hydroxypropyl starch, HPS) 91013 1%
wwmasaaasy 91na Uszmealng

32,6 wllaiudlznddauilslaasend Insia laamsyweaila (Hydroxypropyl, distarch
phosphate, HPDS) 910138 wuiiesaam13y sina Uszmet Ine

@ =Y v Y dy 4 o
3.2.7 "lalJ‘JJ‘L!!,ufJ (Butter fat) ﬂiuwm”lwuiaﬂaz 99.9 1NUITHN AN Laumai”lww 1NN

szmalne

a J vAa Aa VU o [
33 fﬂ‘i’J!ﬂ‘ﬂ%‘HQmﬁNUﬂWQﬂ’J’IN%QH (Thermal properties) ﬂlﬂﬂ!!ﬂﬂﬁﬂﬁ]ﬂ%ﬁﬁﬁ

=
aauds aanlasn1nIsves Singh et al. (2006)
va A 9 Y o 9 v v Y A . .

MInadouguaNaFInNuIouvoInilaiudilevasdauilsadein309 Differential

scanning calorimeter (DSC) Tagi1a13 1 A1uAIdIn1an1savIentlaiudrdendedands 2.5
¥ ¥ 1 %3 ] a =) a

Haansuhminuds @uiidesay 70 vesi10d19 usTyed L adiin luninezglitisuvuia
40 T Tnsans UuUIK 2 92 T19 neuIEI9819911A3 89 DSC N111A15 Calibrate @28 Indium ag 14

=] @ ' Yy a @ 9 Aq Yo o 1 < = ] A A
a1l anluaied1991984 Taeons1ANNsaUN IMNUAI08193Y 10 aAIsaIBoaaaWIN (TN

a a = ~ Ay v ' = ad g a
QN 25 oef I aIFeana 100 osf e nad lavzusvendiguvaiiGuaulunisna
1981@ 11U (Onset gelatinization temperature, T,) @UHNNYAFIga I UMTINARAIA lady (Peak

QU q U

1 Y
gelatinization temperature, T,) @M1 U il YATUTAVDOINITINALIA Twsru (Conclusion gelatinization

temperature, T,) 529U W 9N Y0IN151AA19A1A T FU (T-T,) #2811 5Un 54 Pyris management

(Perkin-Elmer, Norwalk, USA)

|
3.4 ’gﬂi’d’mw’du
341 gasmumanveszuvasazaeylnsa aaui/asninitues Soukoulis et al. (2008)
1 g % % Q'J
dunauvesszumsazatey Insdlszneudletiataniie a3 lianuasda uazinau
E4 1 % 901 %
(Distilled water) gy suilsszauanuuduveiaans e mnusesay 12 tay 16 Tagrimiin
U Y () a Y @ Y A =t [
s Iianunsdimsulsyiatazlsinavedas 1A NuaIdIn1ansa Ao laaatuny uas
o o v a 1 a a J
uilaudrlenaedaunds 2 via laun uilalaasond Tnsna uazuileloasond Insalaaarsy
1 % 9Ol -7
Woama ulsseduanududuminuiesesas 0, 0.255, 0.2775 uaz 0.3 Tagriiniin uaii-a13

2 [ 9y 9 1wy 1 @ J = A 3 ¥ <
WU TTEAUANUTNTIININ DS DERY 0, 0.0225 ez 0.045 TﬂﬂmﬁHﬂ Frunmiaouiinau
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342 gasmauwannieninloaniu
1 9 o =l o = )
gasdrundunioniiloansuaauasainleaningasn1an13fi (Marshall et al., 2003)
v Y
Uszaoudie 1) Tviume Fesaz 10 Tagrimin 2) Wenansieud ullsseduanuduiuiosas 12
Y F o Y o o Y Y ' v 9
uazdeway 16 lagri1niin 3) @13 lialuasdn uilsseduanududuminuesas 0, 0.255,
’é ) a v Aa 4 Y %} ] 1 3
0.2775 waz 0.3) lagu1niin 4) 2iiad lvliees (Tween 80) 30882 0.08 IAg1HINLAL 5) AIUVDILLTY
~ ] 1 9 . . 9 ¥ @ Y 1 o
11379 Tv w11 e (Milk Solid Not Fat, MSNF) $98a% 10.5 Tag1111n 1A 1n Uy mIang ey

148 (A15199 3.2)

= U \i
3.5 MSINENAI0YNG
351 MESIAENEIUHENVRIsTUVAITaza Iy lAsd
ao) %,' 3 a = a Y (% d' = []
azameihmanseluiinaugungl 50 esrusaiBod Aua13 1EnNAIRI Iinsoueg lugll
v ' . o
msazatsanuutudesaz 1 Tastivmiinlasdsuias YSuranlaldanmsdiviamiousn
Psuasvesszuumsazateylnsd safsumvesarslianuneda $ovaz Taotimin) nlduaas

! g A A g ° 1 a
Tuasad 3.1 Mgty 75 ssauwaried U1y 15 W1n MU AIUNgUYl (Water

®

2 s A a £ o ( 1
bath, IKA© WORKS, Wilmington, USA) 4 13 ldi8uiigaingines smniuihaisazateaied1a laa

U

4 < @ o
VAT BIaAVIAEA I UTZ UV EBIA1UAY (15 MR-STA, APV Gaulin, Inc., Lawrence, USA)
[ o A % 1w Jd 2 [ o A 1w g
I@ﬂigﬂUﬂQWNQUﬂﬂﬁQLWWﬂU 2500 Yo uARA1 19U LAZTLAUANNAUNTUNINDY 500 Uouane

2 g . Y < v 4 < Y o ' 9 U] .
a151997 1w liau Tees1ue19a1imae udai liun Tlusieausidu (PTV 19T/43, Montecchio,

a

I~ = | o A 1
Italy) NYUNYU 4 DIAIHALT Lﬂuna'l 24 "]f'JIlN LW@ﬁﬂﬂ']iVl@af]U@@]lﬂ

Y

G U U \J Y o = Y v = u ad
3.5.2 fnﬁ!ﬂiﬁlllVI'JE)E]1\3@13‘1!94ﬁﬂJWiﬂN‘l’lﬂﬂﬂﬂﬁll!!ﬁ%ﬂ?]@ﬂ1@vl®ﬂﬂﬁ~l ﬂﬂ!!l]ﬁ\‘ﬁﬂﬂ')ﬁﬂ]ﬁ
U949 Marshall and Arbuckle (1996) 1a¢ Goff, Verespej and Smith (1999)
' o ¥ < Y o J { a a
hunmansesiuueazateluinau aniuh luguldioungungil 45 osruvaidod 1o

E 1 1 4 1
1INy L!ﬁ$ﬁ1§ﬁ$ﬁ18ﬁ151ﬁ}ﬂ’ﬂﬂﬂﬂﬁ’l Iﬂﬂi%ﬁ’lﬂﬂﬂﬁN’dllclﬁ}ﬂuﬁﬂuNﬁu@ﬂﬂm’m%ﬁ’ﬂﬁ’lu

A A ' < ' o g A a
neruazaeALd v uNNgurgiivesdukamilu 65 esruaaFen 1a luduuenniumnugurgiou

U

[

~ 1a v A J o o = ~
5\1 75 DALY Llﬁ%}ﬂﬁlfff@ﬂﬁcﬁhlwm@‘il,l,ﬁ$1/1'lﬂ1iw1ﬁli]@ul§c]51/l 75 AU UK T WU 15 UIN U1
1 [ ' < v 9 A < @ (%
ﬁ"JuNﬁll@\?ﬂﬁ']'JVIJJﬁﬂ"llu'l@’éligﬂ']ﬂm@uléllﬂuﬂﬂﬂmi@QZW]GUH'I@E]Hﬂ']ﬂli]@uhlﬂuigﬂﬂﬁﬂﬂﬂ’ﬂﬂﬂu

(15 MR-8TA, APV Gaulin, Inc., Lawrence, USA) 1a8352@UAMUAUNH HUN 171 2500 o uans

1T v

2 @ @ { Jd 2 A a ? o
@]’Ii’Nu'Jllﬁ$5$ﬂﬂﬂ313~|@u‘ﬁﬁﬂﬁlﬂ1ﬂﬂ 500 ﬂﬂu@ﬁﬂ@’li’lﬂu')ﬂqmﬁ{]ﬂ 75 ’f]\?ﬁ’]lclfalc?fﬂﬁ AMMNUUN

< < 1 g < o @ ] 1 o 1 [R=~1
IiguTaaisalue 191wy udrnidiegradiunaundeuni leansuluuluioausdu (PTV

a

19T/43, Montecchio, Ttaly) figaivail 4 eerwardea iunal 24 ¥21Tuq

U



353 mstuaiuwaunieniinleanin (Freezing)

o 1 9 o a o oA Vg < Y A y =~
haumaundousileansy 1500 nsu Arumstwiunal 24 2 Tue Wuasestulesniuy
YUIAVTIY 4 293 (Model 103, Taylor Company, Illinois, USA) Wuar 15 w1 %1ﬂﬁ’u$\‘lﬂ’iifg
Tean3uilaaalunisuzinins 150 Hadansuazinulugusniai -35 osmusaiFod (ULT2540-
. 3 ) Y] 3 A9 v g
5V36, Kendo Laboratory products, Asheville, USA) 1111321 24 %3 Tuauazdre liinunvesusigu

(PTV 19T/43, Montecchio, Italy) 9auvifil 4 asrusaioa fluna 24 %1 Tus iivesemsnaaovde lal

H 1 90‘ o o v ) U
A15199 3.1 q%ﬁﬁﬁuNﬁuﬂlﬂﬂﬁ%‘u‘ua’ﬁa3@11‘(’11&1@1@1Gyiﬂiﬁﬁ'lﬁﬁﬂﬂ'lﬁmdﬁt’mﬂ?@mﬂ 100 NIy

Concentration of ingredients (%w/w)
NO. Stabilizers Sucrose Modified starch K-carrageenan
or LBG
1. No stabilizer 12 - -
2. LBG 12 0.3000 -
3. 12 0.2775 0.0225
4, 12 0.2550 0.0450
5. HPS 12 0.3000 -
6. 12 0.2775 0.0225
7. 12 0.2550 0.0450
8. HPDS 12 0.3000 -
9. 12 0.2775 0.0225
10. 12 0.2550 0.0450
11. No stabilizer 16 - -
12. LBG 16 0.3000 -
13. 16 0.2775 0.0225
14. 16 0.2550 0.0450
15. HPS 16 0.3000 -
16. 16 0.2775 0.0225
17. 16 0.2550 0.0450
18. HPDS 16 0.3000 -
19. 16 0.2775 0.0225
20. 16 0.2550 0.0450




36

M1 3.2 gasarunanveszuvdIuRauwieui leansudmiumsss sudiod1a 100 NS

Concentration of ingredients (Yow/w)

NO. | Stabilizers | SMP | Fat | Emulsifiers | Sucrose | Modified starch K-carrageenan
or LBG
1. | No stabilizer | 10.5 | 10 0.08 12 - -
2. LBG 10.5 | 10 0.08 12 0.3000 -
3. 10.5 | 10 0.08 12 0.2775 0.0225
4. 10.5 | 10 0.08 12 0.2550 0.0450
5. HPS 10.5 | 10 0.08 12 0.3000 -
6. 10.5 | 10 0.08 12 0.2775 0.0225
7. 10.5 | 10 0.08 12 0.2550 0.0450
8. HPDS 10.5 | 10 0.08 12 0.3000 -
9. 10.5 | 10 0.08 12 0.2775 0.0225
10. 10.5 | 10 0.08 12 0.2550 0.0450
11. | No stabilizer | 10.5 | 10 0.08 16 - -
12. LBG 10.5 | 10 0.08 16 0.3000 -
13. 10.5 | 10 0.08 16 0.2775 0.0225
14. 10.5 | 10 0.08 16 0.2550 0.0450
15. HPS 10.5 | 10 0.08 16 0.3000 -
16. 10.5 | 10 0.08 16 0.2775 0.0225
17. 10.5 | 10 0.08 16 0.2550 0.0450
18. HPDS 10.5 | 10 0.08 16 0.3000 -
19. 10.5 | 10 0.08 16 0.2775 0.0225
20. 10.5 | 10 0.08 16 0.2550 0.0450
3.6 msﬁnm!mzmim@rauQmé’nymzmmmﬁazawﬁmmcﬂm@r

nsAnyIguatanIIneInszudluszuuamsazatey lasa aauilaaninIsues Soukoulis

et al., 2008 3Lﬂ51$ﬁﬁmuﬁamﬁwmﬂszuamm"lwameﬁ:::uumsazmacﬂmaﬁ'wm%ﬁﬂ

ﬂmaw‘”ﬁmﬁwmﬂsma AR-G2 Rheometers (TA Instruments, New Castle, USA) HU9NITNAADIBBN

3l 2 1szianae
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3.6.1  Minadoullszin Stationary tests 114 Iagmisthasazatey Insanmiunsun
guuqdl 4 eeeaiBoa uiu 24 31103 ldaslugansrvaevaniiamainenszudvos lvauuy
Concentric cylindrical standard bob A1¥ U @A Glﬁjq UNY 1494 Standard bob 111U 4 DIA U ALH & A
A1 U1 993195211319 Standard bob 1182 Concentric cylindrical probe 111111 10013 Tasiuas

v
AANINNGANITTUNS IHA (Flow behavior) ¥ 4820819 1144719805 10U (Shear rate , Y7) AIUA 0 D
1T Aa A Aa 4 a . o 9 2 (Y
200 59UAB U WATIZHUUVVNGANTTUNS 1A (Flow behavior) Taetidoya liifienny Power
law’s model saziinanfSesueunnurtiailaing (Apparent viscosity) ¥odd15aza1edy Insanons
MDUIINY 50 59UADIUN (Akhtar et al., 2006; Stanley and Taylor, 1993)
% @ 1 a 14 wvAaa a a

3.62  MINAdoUYIZIAN Dynamic tests F992IAANITINIADTUDINUANLAIL 1ADAIAAN
(Viscoelastic parameters) Taun a1Ty 9 aadazay (Storage modulus, G’) CRREY 9 ad qu 6L (Loss

1, .o ' . . . . & d ' = 1 A =
modulus, G ) NINI1TN 1Y IN Linear Viscoelastic Region (LVR) Fudurrean luinrsdowdeanin
Taseard1evesdlodauileiinsanszyinaed 10619 ¥11N15NAABIUUY Strain sweep 1ABLYTTZAY

Y
% Strain 910 0.1%-100% 1AENLUI15I9 LVR A0 0.24%-1.67%Strain 910U UIIRIN1TNADIUUY
o 1 A ~ [ Y a 4 A
Frequency sweep MU UATIIAIIND 0.01-10 Hz N %Strain (N10U 0.5%Strain 115 UATIEHANUAN

\ o ! o ?J'
'msnﬂizuﬁmm”lwammmiazawu,mazmamwzmmimam 3 %1

(Y v v o = a v ¢/ =
3.7 fn'iTlﬂﬁ'@‘ﬂﬂmaﬂﬂmgmﬁﬂﬁﬁuWﬁNW§ﬂNﬂ1ﬂﬂﬂﬂﬁN!!ﬁ%Wﬁﬂﬂm”ﬂﬂﬂﬂﬂﬁN
=] wAa a U v o = (v an
371 msAnIgaenDaAMaIngnszuavesdIunannioniloaniu dauasninis
U949 Soukoulis et al. (2008)
MIANEIRUAVTANIINGINTZUTAIIATOIIATUTANIINGINTZUE AR-G2 Rheometers
v W ] 4
(TA Instruments, New Castle, USA) Tao 14 1#13a11 1 Pararell plate 101§ UM IU U TN D19 60
aawas uazaIuuguugiNldnaaounIe Peltier Plate 1M UAUM UM 4 DA BT o e
A ua i 322119521319 Pararell plate 711 Peltier Plate 191170 1000 T Ta5mas uian1snaasa
3
poniilu 2 Uszinnde
. o Y v F o A A
3.7.1.1 M3nadovilszian Stationary tests 41114 lagandaunauniowri loansui
HIUATUNN QUM QN 4 DIAUBAITEA U1 24 %2 119 219D Peltier Plate 2.38 Hadans Ana1Y
9
wodanssunsInavesdredrnlugiednsuioudaus 089200 soUanIUIR NATIEH ULV
a o 9 = [ =\ = A
Wyanssuns Ialaeideyaliifienn Power law’s model W3 nifiounauwilalsinguos
a15azarelunaaraieg19iINenIIN1TReUMNIAY 50 5OUADIUIN (Akhtar et al., 2006; Stanley
and Taylor, 1993)
3.7.12115MAa0U1521AM Dynamic tests ¥99 TAAINIT1TIA0 S VoI ANITA

JerTnda1ean (Viscoelastic parameters) 1aun A1 lugaaas aunazal lugadgyido H1n15n1999
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LVR @78015NATBUUUY Strain sweep U5TEAY %Strain 310 0.1% D9 100% WUI1FII LVR A0
Y v v
0.24% D9 1.67 %Strain 91N UUIINATOVLU D Frequency sweep I1HUATIIAIND 0.01 D9 10 Hz 7
%Strain WA 0.5%Strain M3 AATIEH auANIINeINsTuaveslavesansazaeudaziiodany
Y
NININAADI 3 41
b ¢
372  ywmaedanimdsvesleanindlandesganssaruuulyuas (Optical light
microscopy) aautasninisves Bolliger et al. (2000) 192 Regand and Goff (2003)
IS ' o a 4 a}/ A .
Yadrunaunionsitleaniu s lulnsans 1easvualadaniuilanszan (Cover slip)
k) o Y o A a = Y o o
udni ldseneudnnungesniunugugil (LINKAM TMS92, Surrey, UK) %9152 nouid1nung
g 4. g4 Y 0 1 -
TuTaswumanazdunimihnnuaums lvadvesluTasnumad iaiuaivquoungl
Heating and cooling stage (LINKAM TMS92, LINKAM, Surrey, UK ) 313 130w Stage UDIN 404
4 { { [ Aaa o 1% 1
9aN33A (ZEISS Scope Al, Jena, Germany) aad1u3ilil 3.1 Anenundesddneadimiuaienn
v 9
(Qimaging Micro Publisher 5.0RTV, QIMAGING, BC, Canada) (gﬂ 0 3.2)910U uﬁmwsaﬂqm nau
] 3 A = 9 [ a = 1 =
9619529132 107 -50 oeruTIFod A10oNTINITANgUHAL 30 e IAITaTAR U ToUsTUIM 5
A A Y o ] a =3 3 < ' 4 y A a g = Y o
W e Iidedanananindeeaauysal ua Uiy -10 03rIsAIFod AI8BAIINS
A A 1 = A o A g
QUKL 5 pIAUFATIAADUIN 11AaZITNNI3T Temperature sweep 1asangunITy -18 9e-
o Aa = 1 = A Aa g
waFed 0nsINITaRgUNYY 1 ssruraFadaou1n ud unuguugiilu -10 esuwaFed dae

v a

1 o R ] ¥ 9 y o l
BAIINIIAYU NN 1 mﬁn%m@ﬂﬁﬂamﬁ M4 50UADNIDY 1 X Wiaummumwmaﬁnﬂunﬂ

Y v
c% % ' U

Aa 2 A o J o < i
Gllu@]@uﬂ\iﬂf]ullagwaqwnﬂ1§LW3JW§@aﬂQﬂJWQ3J ﬂ']u’)mﬂ’]%j’f]ﬂagﬂ’liiﬁma\jp‘lﬁﬂuulm\? Iﬂﬂﬂ']
9 = ¥ = A = ¥ I A a ) = 3 &
iaﬂagﬂ'ﬁTGIGU@QWﬁﬂu']llsll\jﬂgfﬂaﬂfl\iﬂ']ilﬂaﬂullﬂa\jﬂlu'lﬂwaﬂu']llell\jlﬂﬂlﬂﬂﬂﬂﬂﬂlu']@Waﬂunlﬂlq
A g & = = = ¥ 2 Aa X A o
L‘iiJGIH%’Q‘HiJWNﬂjmﬁmﬁﬂGlumiclfzaamilfﬂaElul,!,ﬂawaQNaﬂu1LLGIN‘I/]LﬂWllu51,uGlJm$1/13Jmi‘m
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Concentration (%) 12% Sucrose 16% Sucrose

Stabilizer
Primary K-carrageenan Apparent viscosity Apparent viscosity
(Pa*s) (Pa*s)
No Stabilizer - - 0.034+0.005" " 0.035+0.000°, *
LBG 0.3 - 0.040+0.000™* 0.068+0.000""

0.2775 0.0225 0.080+0.009°"* 0.082+0.000°"*
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Stabilizer Concentration (%) Consistency index (K) Flow behavior index (n)
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No Stabilizer - - 0.0714+0.041%" 0.0753+0.039" " 0.8064+0.073"" 0.8115+0.021%"
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0.2775 0.0225 0.4164+0.036™" 0.4582+0.106" " 0.6186+0.298" " 0.7880+0.198" "
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Aa o o 4 1 o . .
51 NAUNUTA 18911 (Internal interaction) §IUNTUN $ourirloaniu (Goycoolea, Morris and Gidley,
. [l I a o o 4 1
1995; Steffe, 1996; Bourriot, Garneir and Doublier, 1999) %4119z 1 unave s fduwusszniig
[ 4
undd1-as1uuuf R T Y lusad (Snoeren et al., 1975; Snoeren et al., 1976; Drohan, Tziboula,
A a o Y 4 1 = o o = .
McNulty and Horne, 1997) 301 §dusiusszrinalanadununuuaili1-n1519uuu (Turquois,
Rochas and Taravel, 1992; Chen, Liao, Boger and Dunstan, 2001; Dunstan, Chen, Liao, Salvatore,
Boger and Prica, 2001; Camacho, Martinez-Navarre and Chiralt, 2005; Vega and Goff, 2005) RRRY
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msuuu Taslfduiusasnanldesuondalu 4.2.2
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nazalugaagade #11491NN15NAABUY Frequency sweep FIR 1M UATIIAIIND 0.01 Hz 019
10 Hz NA15 082204 Strain 111171 0.5 W31 Oscillatory spectra Y993z UVAIUNTUNT 0Uvi1 loAATY
@ 1 % I a 1
nn 198199 UANH ALV Oscillatory spectra Wuveaariinoou (Turquois, et. al., 1992; Williams
and Langdon, 1996; Rodd, Davis, Dunstan, Forrest and Boger, 2000) 199911 1Y 9 daazavuan
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Stabilizer Concentration (%) Apparent viscosity (Pa*s), 12% Sucrose Apparent viscosity (Pa*s), 16% Sucrose
Primary K-carrageenan Up curve Down curve Up curve Down curve

No Stabilizer - - 0.040+0.003"" 0.036+0.003"" 0.045+0.008" " 0.044+0.003"*
LBG 0.3 - 0.577+0.068" 0.288+0.068"* 0.539+0.005°"* 0.499+0.005""°
0.2775 0.0225 0.805+0.103"" 0.369+0.012°" 0.917+0.015%" 0.424+0.004>"

0.255 0.045 1.080+0.097"* 0.771+0.183""° 1.22340.090"* 0.613+0.047%"

HPS 0.3 - 0.052+0.013°*" 0.048+0.008"" 0.048+0.001%" 0.047+0.002%"
0.2775 0.0225 0.160+0.002"* 0.086+0.011°>* 0.154+0.002"* 0.089+0.010™*

0.255 0.045 0.306+0.003°** 0.165+0.011™ " 0.295+0.034°%* 0.158+0.012°%

HPDS 0.3 - 0.037+0.003%" 0.035+0.002"* 0.056+0.003%" 0.053+0.002%"*
0.2775 0.0225 0.140+0.013"" 0.082+0.007"* 0.163+0.004>* 0.094+0.001°>*

0.255 0.045 0.286+0.006"" 0.148+0.007"* 0.367+0.004"* 0.185+0.002°"

I @ @ S ~ 1 1 A o o A @ a d A o = A
HUIYLHA: - A, Blﬂuﬁifgflﬂ“lsl‘m‘VILlﬁﬂQfﬂiL‘LEEJ‘UL“VIEJ‘]Jﬂ”ﬂmmﬂ@lNGUENﬂHﬂafJG]’J’e)ﬂ‘lsli‘ﬂG]Nﬂu@1mm3u?)uﬂ1ﬂiumﬂﬂﬁ’lmﬁ%ﬁlﬂﬂ’)ﬂu UUIYHIUN

ANUUANANNUBI WU AYNNADA (p<0.05)
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-a, b!‘]J‘L!fT'ﬂ'JJaﬂ‘]%lﬂ!‘ﬂllﬁﬂﬂﬂTillﬁﬂ‘UW]fl’].lﬂ?]"lllllﬁﬂ@nﬂéll@\‘lﬂ'llﬂaﬂ@?@ﬂ]&li‘ﬂ@']ﬂﬂuﬁuﬂlu?ﬁﬂﬂ1811!53@“?’13111Lﬂlﬂﬂlu“yiﬂﬁﬁlﬂﬂ?ﬂu

nuedelinNuLanANN U IIied 1A NNana (p<0.05)
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15191 4.5 Fﬂﬁ'iﬁjizﬁ'“ﬂ‘ﬁﬂ’Nllﬂ\‘lﬁ?ﬂl@\iﬁ’JuNﬁiJW%}ﬂMﬁ'lllﬂﬁﬂdiwﬁllﬁmﬂﬂ'lﬁﬂgl}'lﬁuﬂ'l'i Power law’s model

Stabilizer Concentration (%) Consistency index (K), 12% Sucrose Consistency index (K), 16% Sucrose
Primary K-carrageenan Up curve Down curve Up curve Down curve
No Stabilizer - - 0.439+0.022%* 0.290+0.042%"* 0.262+0.158"" 0.510 £0.102%"*
LBG 0.3 - 1.483+0.407"" 0.576+0.492""  2.430+0.067"" 2.067+0.115°*
0.2775 0.0225 15.391£5.017°" 2.282+0.084°" 16.183+1.174°" 2.350+0.141°"
0.255 0.045 10.038+5.621%* 4.187+0.955°"  14.703+1.274" 2.910+0.468""
HPS 0.3 - 0.485+0.016™" 0.241+0.026"" 0.530+0.078"" 0.217+0.006™"
0.2775 0.0225 2.880+0.515"™% 0.823+0.282%" 1.865+0.230"" 0.680+0.265%"
0.255 0.045 6.866+0.166"" 2.352+0.273%" 5.697+0.170"" 1.910 +0.030™ "
HPDS 0.3 - 0.479+0.018"" 0.274+0.040%* 0.630+0.067""* 0.360+0.038%"
0.2775 0.0225 2.155 £0.051%" 0.887+0.092%"* 2.452+0.325%" 0.880+0.038""
0.255 0.045 6.746 +0.894°" 1.860+0.291°*  8.670+0.521°"* 2.303+0.165°"
N9 - A, BludadnyalnuaainsnfFaumeunnuuanaauedn i asd1onysnanumuuuueumelunans i IziineIn e

g

UANUUANANNUOI TN AYNNADA (p <0.05)
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-a, blﬂuﬁmuaﬂym‘mmmminﬁEJ‘]JmEJ‘]Jﬂ’nmmm”lwmmmaﬂmeﬂyTvmnﬂ‘Lm13JLLu’JGlﬂﬂ1ffluizﬂummmmwﬂﬂiﬁmmﬂu

WedelinNuLanANn U iiied 1Ay Nana (p <0.05)
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M3199 4.6 MAFHNgAnTsuMs Inavesdumaunioui lesnsuuun Idninmahauns Power law’s model

Stabilizer Concentration (%) Flow behavior index (n), 12% Sucrose Flow behavior index (n), 16% Sucrose
Primary K-carrageenan Up curve Down curve Up curve Down curve
No Stabilizer 0.402£0.007"  0.497£0.017°“*  0.420+£0.126“*"  0.562+0.027"**
LBG 03 ; 0.999+0.009°*"  0.999+0.016*"" 0.586£0.003**  0.599+0.007""
0.2775 0.0225 0.238+0.060" " 0.544+0.010°"" 0.251£0.013""  0.568+0.013""
0.255 0.045 0.459+0.127°“"  0.570+0.008"" " 0.359+0.010°"  0.610+0.023""
HPS 0.3 - 0.663+0.008" " 0.478+0.014"" 0.431£0.007%"  0.621+0.003™*"
0.2775 0.0225 0.255+0.042"""  0.459£0.073""  0.358+0.027"  0.519+0.072""
0.255 0.045 0.199£0.005""  0.356+0.018"" 0.241£0.053""  0.398+0.026™""
HPDS 0.3 - 0.374£0.031°"  0.492+0.017"" 0.411£0.022°""  0.53240.045" "
02775 0.0225 0.294+0.021""  0.42320.003™“"  0.298+0.028""  0.457£0.010"""
0.255 0.045 0.189+0.026"" 0.389+0.025"" 0.184+0.011%"  0.389+0.015"

< Y] Y] o { [ [ 4 v o N [ [
nneg: - A, BiludganvaliuaasmsnSeuiisuanuuanasvesaumasdisnysiaenuammuiueuneluszauanududuy Insa

RN HREDIlANNUANA AU INTBdIAYNNADa (p <0.05)
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0.2775 0.0225 0.008270%" 0.009910'
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HPS 0.3 - 0.004830" 0.005829™*
0.2775 0.0225 0.007110"" 0.005830™
0.255 0.045 0.007770" 0.00572"
HPDS 0.3 - 0.003740" 0.00557"
0.2775 0.0225 0.006920°*" 0.00639*
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