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Abstract

Food macromolecules play a critical role in the formulation of a wide range of
food products by improving product mouthfeel properties, handling and stability
characteristics. These qualities of foods are strongly related to rheological properties
which is an important functional property of food polysaccharides. Rheological
properties of a macromolecular aqueous phase in foods are controlled through
entanglement and association of polymer chains or gelation behaviour. In product
development, food macromolecules are usually used in the presence of sugars, and
then, the quality of final food products depends on the contributions from individual
ingredients and interactions among them. Adding sugar into foods is known to change
the solvent (water) properties in foods by reducing water activity or freezable water
fraction with increasing sugar concentration in an aqueous phase. Despite the
importance of the interactions among ingredients and water in food systems, only a
limited understanding of their effects on physical properties of foods is available. In
this studies, 3 types of macromolecules (alginate, k-carrageenan and xanthan) were
used for examples of foods in the systems of macromolecule/sucrose/water. In this
report, effects of macromolecule concentration, temperature and sucrose on physical
properties of macromolecular dispersed aqueous systems were investigated. Viscosity
measurements at a low macromolecule concentration and dynamic viscoelasticity
measurements at a high macromolecule concentration were performed. Associated
changes in the state of water; the water activity and the fraction of freezable water,
were also investigated.

The effect of sucrose on water activity and the fraction of freezable water
showed that water activity and the fraction of freezable water were almost
independent on examined macromolecule concentrations of all types of studied
macromolecules but decreased with increasing sucrose concentration. This indicates
that colligative properties of those systems were mainly determined by the sucrose
content.

In the alginate/water system, the viscosity properties of alginate dispersed
aqueous system containing lower concentration of the alginate than 0.5%(w/w)
showed that apparent viscosity decreased with increasing temperature and decreasing
macromolecule concentration. At the same alginate concentration of
alginate/sucrose/water systems, the higher sucrose content in the system, the higher
apparent viscosity obtained. For the systems containing higher concentration of
alginate than 0.5% (w/w), the storage and loss moduli increased with alginate
concentration but decreased with increasing temperature. When considering the
systems of alginate/sucrose/water, the ratio of the loss modulus, G", to the storage
modulus, G'; G"/G' (= tan &) values was almost independent on alginate concentration
in the systems without sucrose but the G"/G' values decreased with increasing alginate
concentration in the systems containing sucrose. The activation energy of the
Arrhenius relationship between In of viscosity for alginate solutions and reciprocal of
absolute temperature was in the same order as that of water. The specific viscosity
values were represented by a single master curve for the different temperatures of
alginate solutions containing lower concentration of alginate than 0.5% (w/w), and in
the alginate/sucrose/water systems at 25 and 40°C containing different sucrose
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concentrations, the specific viscosity values were also represented by a single master
curve. These results suggest that interactions between sucrose and alginate were
negligible at a low alginate concentration but the elastic nature of the systems was
enhanced due to sucrose-alginate interactions at a high alginate concentration.

In the k-carrageenan/water system containing KC1 0.19% (w/w), the viscosity
properties of k-carrageenan aqueous system containing lower concentration than
0.5%(w/w) showed that apparent viscosity decreased with increasing temperature and
decreasing x-carrageenan concentration. At the same k-carrageenan concentration of
K-carrageenan/sucrose/water systems containing KCl1 0.19% (w/w), the higher sucrose
content in the system, the higher apparent viscosity obtained. For the systems
containing higher concentration of k-carrageenan than 0.5% (w/w), the storage and
loss moduli increased with x-carrageenan and sucrose concentration but decreased
with increasing temperature. When considering the systems of x-carrageenan
/sucrose/water, the ratio of the loss modulus, G", to the storage modulus, G'; G"/G'
values was almost independent on k-carrageenan concentration in the systems without
sucrose but the G"/G' values significantly decreased with increasing x-carrageenan
concentration in the systems containing sucrose 20 and 40%. The activation energy of
the Arrhenius relationship between In of viscosity for polymer solutions and
reciprocal of absolute temperature was in the same order as that of water. The specific
viscosity values of k-carrageenan/water systems were represented by a single master
curve for the different temperatures of solutions containing lower concentration of k-
carrageenan than 0.1% (w/w). When considering the k-carrageenan/sucrose/water
systems at 25°C, the specific viscosity values were also represented by a single master
curve except for those containing sucrose 20 and 40% containing higher concentration
of x-carrageenan than 0.1%(w/w). These results suggest that interactions between
sucrose and k-carrageenan were negligible at a low x-carrageenan concentration
(<0.1%) but there are interaction between sucrose and x-carrageenan with the elastic
nature of the systems being enhanced due to sucrose and x-carrageenan interactions at
a high k-carrageenan concentration (>0.1%).

In the xanthan/water system, effect of concentration and temperature on
viscoelastic properties of xanthan dispersed aqueous systems was investigated. For
low xanthan concentration solutions <0.5%w/w, apparent viscosity increased with
increasing concentration and was almost independent on temperature. At the same
xanthan concentration of xanthan /sucrose/water systems, the higher sucrose content
in the system, the higher apparent viscosity obtained. When a small amplitude
dynamic rheological test method was applied to the systems containing higher
xanthan concentrations >0.5%w/w, the storage (G') and loss (G") moduli increased
with increasing xanthan concentration and G' was much higher than G", exhibiting
weak gel-like behavior. The G"/G' (= tan §) values were almost constant when
temperature is increased while their concentration dependence showed a tendency that
higher polymer concentration gave lower G"/G' values. These results suggest that
xanthan dispersed aqueous systems have stable viscoelastic properties in a wide range
of temperature. When considering the systems of xanthan/sucrose/water, G"/G' values
was almost independent on xanthan concentration in the systems without sucrose
except the system containing xanthan 3% (w/w) and the G"/G' values decreased with
increasing xanthan concentration in the systems containing sucrose. The activation
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energy of xanthan dispersion estimated by the Arrhenius plot between In of viscosity
and the absolute temperature was lower than that of water, indicating that the
viscosity of aqueous xanthan dispersion is less sensitive to temperature than that of
water. Specific viscosity values, reflecting the effective volume occupied by the
polymer in the system, were represented by a single master curve for the different
temperatures of xanthan solutions containing lower concentration of xanthan than
0.5% (w/w), and in the xanthan/sucrose/water systems at 25 and 40°C containing
different sucrose concentrations, the specific viscosity values were also represented by
a single master curve. These results suggest that interactions between sucrose and
xanthan were negligible at a low xanthan concentration but the elastic nature of the
systems was enhanced due to sucrose- xanthan interactions at a high xanthan
concentration.

Key words: alginate, k-carrageenan, xanthan, sucrose, water, interaction, water
activity, fraction of freezable water, viscosity, storage modulus,
loss modulus, activation energy.



ARnrsidsznns

1. 35N ARD
11, BANTTN ARBILAZIANTTINE
IV. ONA1TE19B

V. output Alg

viil

#15115Y

60
62



L Ui

wlastuanansa food biopolymer funuménArylugpaunssuaisuin los
wwrlunisudandnsiugianuiseiinsie 11y ViaaaAN TNt Ba aunway leandu
M4 (Dickinson WAY Lorient, 1995) Lﬂ'fﬂl‘ﬂumfﬂﬁuﬂqﬁnwmmﬁﬂﬁ’uﬁﬂ bR TAY4 it
(handiing) uszANUzANATIE AT SinnauTRTiasinaue Wuinensured
1i3lnA (Imeson, 1992) Lﬁmmnﬂmmwmmmma‘mdﬁﬂ’h{uﬁuamﬂuﬂﬁmq‘?“f@%ﬁ Ao
prudinlarasguaniBeesszuuantasiianadsiaudiiulunisiuis g uasnifiaes
HARATUA, NITEBNULLMTRLSTIUNITLANNNG, NMTAILANATUATN, UATNTHBNFLLRE
131nA (Rao, 1977; Roos LAt Karel, 1991)

AndANUANI9WAriY (functional properties) ﬁﬁﬂﬁmmﬂﬂwﬁmmm"l?ﬁ AR N1eAIL
AuAnuaTRnTlaladees aqueous phase luemnsaadaanmsfitaRuiesn Gt
sesantlinedwedonniang (Moe uazani, 1995) Tnausaanlad (Lnapfaiands
wilpsTuana vialulanefied) ummﬁmﬂu’fﬁﬁmwm‘iuLﬁqﬂﬁﬁﬁwﬁ’nmmr}alqumn
Faviu wiinislrududureniasluanassiosuin (du 2-3 % ww) Twduaaalsdn
mmmlﬁmm:maﬁﬁmﬁwﬁﬂqw‘%@mmﬁ@wa"ﬁu%‘i

LU IARUWNNRRATU, food macromolecules Sinldfaniudaudsznavewis (food
ingredients) ﬁTﬁW} uaEmsAsduLssneLe s ma T KA R TeT azviniAuaNR
mamsnmaesensiimsuanuuas fad F‘}m.ﬂ'}W‘ﬂﬂQNﬁﬁlﬁﬂiﬁﬂﬁﬁﬂ?@ﬂﬁﬁﬂad%uﬁ’u
contribution ANUAREAINLSLNBY UATAURITTEN (interaction) sTudnduLlsznaysieg o
Heglundn i dhmadlugausznauemsiddysansianiuazin i dlunimrdnru

a i T 1 E 2
v iU wad sy mainimaluanmadunisasuulasaandiieeati (solvent)

Y
= g

L3 o g :" = ot !Jﬁ‘ L s
Tuamr  waziunisanaainasuemni wmammummu'mLLmqmlmm@ﬂmwﬂmumm

¥ K S S SV n do o
tmamingy  Wmasuinidnewfaugnuaniiveman widgrAnlunisasuaunisuls
sUamas 1y dudsednanistnumaniuien (Pongsawatmanit uaz Miyawaki, 1993)

wihdussizerssudadiutszneusner Autiilussuuewnsasiinauddy  us
ansidlasanarasdunsizefeAmuaniEn N umMwsesssdailidanta e liifinaos
1 17 ar =y ¥ [y [ % 1 = a : é’a 1
fanudilansrasdunsizufeAnanEvanunmaIng1n unideaiaiatalduniag
Guanaildlumsilitfiaamuniiavsafaaaluanaimnsuenmns laoAnmunlashuans
-~ o o e = ¢ o a raim
3 ola fe TnRoudadum, K-Afauuy, wazuguuu Jaflululawefueintionldly

gaaunssuemns taaflatuantiFiniasiau thickening, strong gel WAz weak gel NUAHY



2

[

= a = raly v \ = a o X d a -
faawmiulndusaa lsdildanamdediima laaniafaaaiatuiledlaiauvinam-
deeutadusafdrAnyngalusruemstarai ldandasuaniwaadon 4o K-A19a

weu Wulnaugeenlssnaiaanamieduasildlugsamnssuamis Tnall ester sulfate

< (=3

Btl 25% avaeidluingou (80°C) Tnulfiasfinsadlaiiaany K Lm:ﬁqmuquﬁmum q
1daafiGandn thermoreversible gels drunauumuiuiuinaue e lsdiaisaanuunice
Xanthomonas campestris ANNSORTANELN B uazinosaniadly polyelectrolyte iuans
finliiAnea il §ANALEIGY (Morris, 1986)

deaanglasadluinmed diunnuasduimaniddndalfiduarsiin Wie
A luE AR TINIgAEMNTSY (Medved, 1986) Fatu mssoedel 39l
ssuLressetamsiLsznaudn wnlnshinanas glasa pin TeAnnaraspaudidy
roanlastuians auund uaznmsdinglasaivinlianauiBnidilaledoesssuy inles
Tnanalasaniy Smswasunladldsdinasienmaniinmminliiy wianisfaasuas

ATINATHNTO NN MR RA T B M TANE



Il. AEN19NARDY

2.1 InAY

TaAsnda’un (Lot. No. 80251707, Kanto Chemical) ﬁﬁﬁ’mﬁnimmqﬂﬂ?:mm
176,000 WRLlAT M/G ratio {mannuronic-guluronic ratio) PIFRIUANIAIN ' H NMR
spectroscopy HAMTTNNL 1 ANAENN98Y Grasdalen WazAy (1979) K-As1auuy
(Lot. No. LEQ 0195, Wako pure chemical) uasiguunid {lot no. AX01, TCI) ﬁﬁﬁ’mﬁ'ﬂ
Tu@nawszanns 320,000 uaz 790,000 ANAFL FamnFann intrinsic viscosity Ul
A31N17 Mark-Houwink (Roches WazAtus, 1990; Muller LLATALLS, 1984) mmnﬁﬂ'ﬁmﬂm
S lhAandiRuy

MR eEaAILA K-AFauu wasuduw s Buanannducui (e
msau 107 °C Juam 4-6 dalue) dhandemziBinnaesdesusne Ategluans
m‘[ﬂf’imﬂqaﬁ’a 3 fauanslumsnai 2.1 TaetBunoures Na*, K uaz Ca’” wiannas atomic
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Table 2.1 Composition of cation and anion in the biopolymer powder.

Biopolymer Moisture Amount of cation Amount of anion
content (%) (%, wiw) (%o, wiw)

Na* | K' | Cca” Cl S0~

Sodium alginate 9.48 8.10 0.07 | <0.01 0.08 0.27

K-carrageenan 6.26 0.41 6.37 0.40 0.39 <0.01

Xanthan gum 6.74 0.71 3.80 | <0.01 0.02 0.04
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saudnAansarswinimsiensiiiel luussssetnitesssazataymsiaogies
2 @ wiatireamslasusnuzaesiatnanldannnsiaidilingm DSC duiaies
digital planimeter (Placom, KP-90N) dansuseuialfanusasua s Fun g
wiadalaeni ﬂuﬁumuﬁaﬂ'ﬂmms‘mgauﬂmu:mmﬁq (Simatos UWAZANE, 1975;

Pongsawatmanit Was Miyawaki, 1993}
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1l RANITNARDIBAZITITTLHR

lumsnmasall anaduduseaniasiuana (wausamlss) luansazatouas
pnanduduasglase 0-40% (wiw) Adnmfiansanandssresaududuilifer iy
aagmnssue s lmalR Tesanzatnais azdiuin ponudnduresindugaanlsd
Aeudnam ilasannlugmaunssneinig mslansmanifpuddusiffinawesianis
pruANAANTEVsTialad lundnfnsiamisuanaeile (Krumel uaz Sarkar, 1975; Clegg,

1995)

3.1 2ainauanian wasdndouraniudsdaesszuumnlastaana-i

desaminfhuesdilszneumanluanmsdowlug AMANURV N ENNIBIBINIT
Tuszwinemautlspd neiasssduidlussudnnaiuuasdug Kouioadasiy
AANTENIUARWENd (physicochemical properties) g99vn gL (Roos, 1995) AN
LLmnﬁﬁamaeﬂmﬂmﬁﬂmﬁﬂumm? iy 2eimefueniinn uardadauranindiudei Jusy
uavassgnazatsiitiay lursn (Roos, 1995)

L2 laﬂl;’ = 2 o . :
9ewaslaniab (a,) Bunnlddaunissalis

a, = p/p, (3.1)
e p = anuiulsluansasanavitaluaiuns

14 -
Py = A NUlevRIUNL TS

N
==l

rawmeiuweaiIATntdlunmsad e Fuininiannsoda 1418 lussouiieg lu
] a; 1r - o

auAa (equilibrium) FafendeiuanuasisessmshumenranljiFomaeiiuazns

wWiiulnveadaqfurstl (Herrington uaz Vernier, 1995)

3.1.1 sEUuanALUn / 4lasd / U0

spwefueaiinfraaTasaedaseniglaraatfasiuanstunini 3.1 wudn 98
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3.1.2 s2UU K-ASTIAUUY / 9lATE A
+ v 1
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Fig. 3.3 Effect of sucrose on water activity of
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Fig. 3.4 Effect of sucrose on the fraction of freezable water
in K-carrageenan solutions.
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utlaslil anndnAnemesuesida uwinaildaniaAnemesueniiin uardndourenig
Wil usnsliiuedrasudadn anauBnenionmanitlusan anlastanay

alara / 11 Tuivrdnduraslasadudaulug

3.2 AnAnAnsTlaladuasszundaiiun-i
3.2.1 HATBIANMNIINTUABAMNNY AT INGUDIAITRSRILBRALUR
'é’afiLumﬁmﬁﬁﬁLﬂuma‘mﬁqluﬂ'}ma“fmﬂﬁmwmmm’lum?qmﬁuﬁﬂtta:ﬁﬂﬁ
mmuﬁmma‘mmﬁﬁyu (Onseryen, 1992; Marshall uaz Arbuckle, 1996) ANTazALAAA
WATANHULAGINGY shear thinning Aelija shear rate g mmilnasiiaianas 39
dussainauemuazauulame (stiffness) ’u@ﬂmﬂqaé’ﬂ%Lumﬁﬁﬁmﬂﬁqﬂum?

o

o o » o . v o
Azal NWA 3.7 wessnaasuilasanipmnumiiadsangf shear rate Fn9 U 9

prpe

fMNT 25°C Wudn e shear rate galu AuliadiANaaas Wiasanainlianiasni
shear rate NN 14 Tuszwdnensfuizensnausaeanasnann uanasedasium
N T ' o o a4 e o by < & v
azdndoiueg gt il luanaauiiooiuiinaliacunilageau usiiia shear
- X v = W X ooy - 1
rate (RNNNTUTHANAATA AT LWL INIIN TN Auviintesasazateanyay
1 |2 1
&3 (Onsayen, 1992) M shear rate oo AnanlialsngiAsnnluiieansasaieil
h I l‘i’
AN duNNAY
= [ 1 <4 2 ] - r
N 3.8 uansanuduiusssudeanuvilalsing o Aandudunnge s wudn
o = ¥ o= e al P yow oA o Y
Auduraans i iinnasinsuasuul s acudnduanin. Baaonudndulng
P = - . & v ) I o
uannisfaunlasamnuniinadnaninid venlinsiwdn luasazaiedaRiuaniaea
‘dl 24 1+ o el I 3 1 ﬂll P
17 nswasuuaspanudidurssdaduniinatiesninsanisilaauuwlatanamiinly
A o o - v v o - P - - Lo
asarant sssndanuananutudusiiuan wduwgaaleaianynuztusesd (coil) 39
dl. -all 1r 1 = . 2 ] ]
indeuiliatedass (Morrs, 1995) uazAsauAaxTmsluatsaratatianndy (faum,

2538) Tua198s A HNNEUATA NI BN A A UMY A LA ILA SN ATBIN T AT
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Fig. 3.5 Effect of sucrose on water activity of
xanthan dispersed aqueous solutions.
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Fig. 3.6 Effect of sucrose on the fraction of freezable water
in xanthan dispersed aqueous solutions.
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Fig. 3.7 Apparent viscosity of alginate solutions as
a function of shear rate at 25°C.
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3.24. Nﬂ’ﬂ’aaqmugﬁuﬂz'ﬁﬂiﬂﬁiﬂﬁh storage WaT loss moduli

deanududurasindusam lsAingy Anwouentedng elastic Te3szuLiiaean
N1SINEITUNTEATLIRNIBIA TN RINASIAUTN MItmAT  TTULRINAMIFNHIENISNY
. . -'=|I 9 1 = o ] 34 1/ : « [ ]
viscoelastic AAINININTBINEAINBTEY Tt nAudindull sedsnevapInuans
v . . | =io a o ) TR = .
NWNATY viscoelastic 2 AMNNINTIAAB AT storage modulus (G) Faimdnuinitly elastic

o 4 - o o o A4 4 g
e9sUL ERAURA/TIATAAT WTBLamsTEALTeInT il uewdrasansinaTunndiu
Urnnundsnuidulilursuusesey uwazen loss modulus (G} @eiadauiitly viscous

gasnsaranauasiiuiniunasuigudalisiasey (Rao, 1992; Ross-Murphy, 1994)
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Fig. 3.10 Effect of sucrose concentration on apparent viscosity of
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Fig. 3.11 Effect of sucrose concentration on apparent
' viscosity of alginate solutions as a function of
concentration at 40°C.
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Fig. 3.12 Storage (a) and loss moduli (b) of alginate/water
systems for different temperatures.
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Fig. 3.13 Storage (a) and loss moduli (b) of
sucrose/alginate/water systems containing
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nT),=InM, - E/RT (3.2)
@Wa M, = apparent viscosity ﬁqmuqﬁ T (K)

N, = Anpad

E, = wAsunsssiu duiuannumile

R = MAsTieuia (= 8.314 Jimole.K)

T = grunnfiduysnd (K)

MTANEANANTUSIRY Arthenius neevnldlnanisafransmiaes In (viscosity) fiudou
nAUTURUUYHANYIO] AuamTunnd 3.15 1UNATBINAIIUNTEHULAIATREAIENDR
wafiiansdnm  daRuauananuduzansW (wi 3.15) egfluday 15.0-21.8
4 aia va o ¥ . L
kd/mole TeasfiplnfiAseiuready (Ase 3.1) anuantaeaesilad iiudn s
wWanuulasesamnuniisrssarsasananedwadiauiuguugidanlugdiatuainnis

P - ¥4 o 0 W w = o
Lﬂ@ﬂuLLﬂmﬂ’muuum‘ﬂﬂduﬂ‘mLﬂulﬂ'm’m::ﬂ”lﬂ U ATTHLIHEWUADINARLUBTAN

Table 3.1 Activation energies of the aqueous alginate solutions and water.

Alginate concentration Activation energy
(%, W/W) (kJ/mole)
0 (water) 16.3
0.01 14.9
0.02 20.0
0.05 16.1
0.09 19.2
0.21 15.9
0.46 1 18.6
0.91 21.8

weliiinrudnlaludesnuauiinedmulianaluasazaoideatsinaned
waf (Rao, 1995) Amduansaratawafines 19atunsollony specific viscosity (1)) 16
aunssiolLi
Ny = M -MIM;, (3.3)
do M = avuwilwesansazans (solution)
T, = AMUUNABIAMIAZANE (solvent)

T, = specific viscosity
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Fig. 3.15 Arrhenius plot between In of viscosity and reciprocal
of temperature for different alginate concentrations.
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it aziiansoingn specific viscosity \{un1s contribution TaanaRINesHaAIWinTAn
Fluszuy FouameliiiudaBunng (effective volume) fimsauaraslnonadiues
AuMnENaRBA" specific viscosity HWetNAN LLﬂ:Nﬂ'?;‘lﬁmnv;nizuummmLmu
Faunswvdnifiaeanswidien (mwh 3.16) Faiu o Anadud e uaTen (<0.5%
wiw) Sadpazetarluges random coil #iflusniinuluasssanelasusazranday

uenasnaniuldagrusudaidudassserii (Morris, 1995) NA’INNINA 3.16 T LWiiuIN

nmsnlatuulaegaumgiiann 10°C t 55°C ldlduwasugtsuazauinususias random

coils TBADRALUA LUAITRZA

(2) unuRyglATd
Tuszuuredadum/glasaain nsiidauion (contribution) 9848aAARBAINWTLA

pasazatamnsnlssiiuldanannis (3.3) launmsldaruniinaasansazaitgiasg

dluAn 1, (Arumiieaas solvent) Aaugaalunwi 3.17 TauansA1wes specific viscosity 9

1
wd =

asnnzdmaniudsiduivainduduredsdaianmgi 25°C uavesglarase
- . . = v [V ar = pry
specific viscosity Ratiaunnluanududueeidsdiun <0.5% uaznanldanynszuy
aunsnasnuuiionmwdwien dowell daduaenaiansn lidiegludnuo
i random coil luarsarats wazwsar coil azuanasnainfuatitaiiudassdsaintsm
D I A _ e ¥y o A -
e et ldaudeny (Morris, 1995) fatiu aaldannnwi 3.17 FWiudn nasdiu

glasa ildAsuulasguanaraninresusiay random coil 189dadiumluaisazaiy e

]
=

Assnnuareensifnglaraiignm)iigadu (40°C) nived specific viscosity Milu

L]

]
=l =

Aeariduiuandndu (nwit 3.18) Rldazadraiunwd 3.17 figouugil 25°C Ae uana
- e el = - =l ar & nna’l’ «l '
prnduiusfenswudnifenduie WeuFauiisuiunareveineiieniimviraAdn
' Pd s oweny wa o = v = o - X o
douzaannudasald  guandiinisilelafeasmssraadadunninisiinglaraarauiy

VSN uanadaa luRL NS s UT AN N B8 8 LUAAINGN 0.5%
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Fig. 3.16 Specific viscosity of alginate/water systems for
different temperatures.
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Fig. 3.17 Specific viscosity at 25°C of
sucrose/alginate/water systems.
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Fig. 3.18 Specific viscosity at 40°C of
sucrose/alginate/water systems.
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3.3 ANANLANIT LA ladaaLsELIY K-A19973LUN-1U

3.3.1 HagaIATBId NTuLRzA MU Hi s 2R U RT naRIdITATANE
K-A1591auuU
K-AN5sauuuinmini water binder waziilugisinnliiisaas uanannldifiuansi

vnldinapuasihuasinidulugraimnssuatmns (Stanley, 1990) K-misnaunuinas
a e o o 4 - v oo
Noduasazarenianuniagannideazansludy Waseiniasaairwniashianandu
- o L oA o oo 1% ' o
U3 uazanuuziiily polyelectrolytic Faiiuavinliiianusumusenisiva Tnavaly
puniiaesansazaumiTALINAZIuiUAdndy gnmniivarnisisgnazaiuaug
fanagsian suvtrlinresmisAuuuuas Wiwinluans
. L -] B, pripe ' . . 4 -
ansazany K-mfraunuuasspniantinisluafiFendt shear thinning ABLile
- X 4 A = o« o : -
shear rate NTW ANwilaTiATaAaY WaAnmANNANTLSTTwI A Ruliadsng

<l

andndures K-anfsAuuwsiie i wudy mawdsmunlasaadudures K-anfnd

b

wuuitiaend 0.1% (ww) duavasuinsanisildsuwlasmramiinlusisazarafiguingil

U

49 40 - 55°C (0 3.19) stwlsfisnu Anumilatlingaedszuy K-mimauuwiy 4
- RN 2 o y
gruvniidszann 25°C wia Andy Tandniuedhafluendlliuudos Wearmdudu K-
PASTTALULIANTY TangEnssuiiiudnynizasmadneiiudunssdalsznandaanaui
tidsza Tasinaiuanudndureswedwefidunsiindunsfansyudnldesanedued
(Stanley, 1990} uaziflafansursuuffiaududuaes K-afmRuuumi wudn A
§ o y . X rE g o o X oa -
wialsnpiiadesauiieguu)iigedn  Mlianalesannnisigungiigaauiinasenisdia

) a ) o = = o My g A ' -
‘domain’ (N9ia helices Milussiday) (Stanley, 1990) dansinlilfulinasaninufeu
wtagann coil 1hiln helix (coil-to-helix transition) (Piculell, 1995) aaalgnaainas K-an5m

al
LU

3.3.2 uaa9sglasdsanisilasundaianuniin
. . P = P » 3 0 a
taraanasinglasasianuntnuesstsarany K-aimauuuidamundudunn de
[ . 1 T ]
wanalunmh 3.20 wudn AuuilaLsIng (apparent viscosity) i 25°C WxAwmilaau

Y ¢ - X Pr prp [ - a

PIHAUARY K-ATTTIRBUUMNHDL INDWANTTUIRITRSRIUVEAITHLTHYI AT K-AT77 1LY
~ e . = . " ! . D e A

FINN i:uuwuﬁuﬁm?}ﬂdﬁﬂmQ»‘iﬂ‘}’]@a:nﬂ’]F]’J’m'ﬁuﬂﬂ:}"\ng%dﬂ"l’]uﬂﬂ'ﬂﬁ’mmu‘nﬂ TIAITH

- o a X ' e v . oo P
ﬁumlmngﬂwauu'am\nmwﬁﬂ'Luvlnﬂ'muwwuuwmm?wﬁﬂm Tatiawizluszuunianu

iaduaes K-afmAuuuminndd 0.1% uavilglasastison
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Fig. 3.19 Apparent viscosity of k-carrageenan
solutions for different temperatures.
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Fig. 3.20 Effect of sucrose on apparent viscosity of
K-carrageenan solutions at 25°C.
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14 ]
naraensiinglasarapuviladsngussun K-afmawuwglasamn deomni

4l

911 (40°C) Winanisnaass (nwil 3.21) Twiuaadaaiuasildangamall 25°C ur
maisturaananunilatsudmnidunsmienditwudoaldanssuuiiiglasa

40%

3.3.3. NA2BIRUNDAURTIIATARBAT storage WRE loss moduli
; - . , 4
AU NTUIRINERILATIANIY ANBUINIIANY elastic 2RITEUULINBIRINNNS
i " x 4=Il - - ) 3 ar
Aawwiieauiftaresarawsimefanin  svuuaeanlasluenaduwanidnmmuemg

fm viscoelastic Aiannmdudurainedinefge Tudasaonadndull asddsznavaes
s W B . ] - o [ .. " ! dl » .J
AnuANTTRNNAAY viscoelastic 2 AManaTaRa A1 storage modulus (G') Feiadauindly

1 v
elastic 19952UL K-A1feduuwain wiaszuy K-mfsauuwglasani vieuamssiues

<) < - | i ar sil -3 ] 1
ﬂ’]i‘I.}J'Ll‘llﬂ&'lll‘IN'JJ’fNi"JU'IJTﬂ&IUHﬂﬂ’]'\LﬂuLE'N’]mWﬂ\N'INVImUi’ﬂuT:UUWﬂi‘ﬂU WazAt loss

modulus (G”) Ta¥mdcuiiilu viscous 1oaRananTuIMTundUAgdnTlUFasay

(Rao, 1992; Ross-Murphy, 1994) fINA1IUILED

(1) HRUBIDUUNTUREAIMLNTUSD gel cure

adaa % P a -y ar wa
A tunldlunsdszdin gel cure aaslulawefiweife MsTmRuaNTFEN

o v

dynamic mechanical Tadaulnnjiiniaan storage modutus (G') luiariduiunan Teiida
WuFoundanisdadianuniinds  awnsoAnmauaniieesssuuisulsaainns
JUNIU (disturbing) Wasannnsld smali deformation amplitudes (Doublier Wax Cuvelier,

1996) .

iWasnaetnaestuy K-admawuwin iulinenmgiigalstanu 50-55°C

] £ 1 1 1
Wetlasriunmaiiaanaunisinal AedunsdnAmadteladsie faamaiidiue innnas
AnerRailunszuauntsvinliifduas wananniinnsidiu KCl 0.19% (wiw) Aldoutaelvldeas

wodauAEIuY double helices Bazausaiuihy ‘domain’ Mflussidleufadh
{raaframnang 3 NR (Stanley, 1990) nbiszuy K-ATAuNWAn RAEaTY (Watase
Wz Nishinari, 1988) NW# 3.22, 3.23 uar 3.24 Wunmiluasr G’ fithaeriduiunan
u A dindusine Hanumgil 10, 26 uaz 40°C audndy azdiuléin 67 asasi K-af

MALUWANEAEY Weamdidursned e fRNTY LaraMATANAY
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Fig. 3.21 Effect of sucrose on apparent viscosity of
k-carrageenan solutions at 40°C.
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Fig. 3.22 Storage modulus of x-carrageenan gels
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Fig. 3.23 Storage modulus of x-carrageenan gels
at 25°C
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Fig. 3.24 Storage modulus of k-carrageenan gels
at 40°C
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Fig. 3.25 Storage (a) and loss (b) moduli of k-carrageenan
gels for different temperatures.
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Fig. 3.26 Storage (a) and loss (b) moduli of x-carrageenan
gels containing different sucrose content at 25°C.
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o o o ' =
3.3.4. aumsainanasasgungiivarglasasaanuantinnieniuilalad

(1) BATRAIRUNY

K-pfAuun ey food additve Tuasfidestiuguamnifiuansaiy
luszwdrinisudsgenn naafiu nmseuds mssaiavdantsusinariuduaiudaas A
dnfhudesinsinmansuiindlaledtatiautugnmnRivuiy

HRTBIR U RABATATNWEATuA ARt AN T LN LS SauaNn1g  Arthenius
AIANNNT (3.2)

InT,=InM,-E/RT
PANNANAUSERY Arrhenius WlAAINNNTAFIINTINTEWING In (viscosity) Tudunaunu
funnHdny Tl fauanalunnd 328 wudn TUIATBINANNUNTEFUIBNATRTANENER
wefidmnududuinfivinnadnm arludes 14-22 klmole Faariianindidneiuzeni

(9197 3.2)

Table 3.2 Activation energies of the k-carrageenan solutions and water

K-carrageenan concentration Activation energy
(%, wiw) (kJ/mole)
0 (water) 16.3
0.01 13.8
0.02 14.4
0.03 14.5
0.05 16.9
0.10 21.7
0.25 17.3
0.31 17.3

di 3 o 34 - s . =5 =
ialiiiaanudilaluFaspnandiniduluanaluaisaranodaanisedned

e (Rao, 1995) dmiumsaat K-a5113uun 15a1mnsnilann specific viscosity (1)

1ésaannng (3.3)

T]SD = (n v T]s)/ns
Tuhil azRa1sUNAT specific viscosity \Hun1e contribution Ta9Rafmes (K-ANFIRLWY)
, PRI . = ¥ oo . <
papUMlaNNATLluITIL Taundas ruDNLsuIng (effective volume) Hinsauasedine

waRwafiumnaiulussuuansdaiium/glasasi

P v & = ¢ = ¥ —~
nwi 329 uameliiiudn Tunstlszuurey K-misauuualy anmniinasesn

bt |

specific viscostty 1iANdRdNIaY K-afanauuu Uszuin 0.1% (wiw) 2wl Aanumy
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Fig. 3.28 Arrhenius plot of k-carrageenan solutions.
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v
25°C warRigipsasia specific viscosity HAaumnlupmdnduees K-mfsauuu
<0.1% uanAuidudueey K-arfmauuulszunns 0.1% wisunnngn aztiuwdn ssuuiil
“]“ﬂ:ﬂi‘ﬂ 20-40% AzUAAIAT specific viscosity Q\m'h TIUAAVIN N7 contribution YDINER

L o =l 1 <A = g 4‘ v el. —3; L ‘ =
BT (K-A17919114) saauuiiainatulussuy Nﬂﬂ1ﬂ"i’]ﬂﬂ’]'ﬂ1’l 3.30 41U NsLR

=i + dl ] ] N L3 <y
glasafinarenirilasuudagliuarawineeusias random coil 189 K-A1§eauuuty

=

ANTRTAE Lﬁ@ﬁm?mﬂumjmmﬂﬁuq‘[ﬂmﬁfqmunmﬁu (40°C) nslees specific

L) o

'
)

viscosity Mtluiariduiuanududu (pwi 3.31) Rldazadrufunimit 3.30 indeyasna
2 =l 2 ‘ﬂ. T = =l L2 1 ' =
Wi iATEnfuss LR K-Amfsnauuu Hanudndugandi 0.1% (wiw) wacil

2%ATA 40%



43

1000 F
— L 2
~ 100 | A
z
3 [ -
2
=~ 10 -
(¥ A ®
=
[#]
21 .
Z '
o3
¢ L m
0.1
0.001 0.01 0.1 1

K-carrageenan concentration (%,w/w)
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Fig. 3.32 Effect of temperature on the apparent viscosity of
xanthan solutions as a function of concentration.



