Rl

rt

AlE Gume §)gFE7H(mouthfeel) o)t} o
2717 o2 vR AR SEH4ES B9 &8 F
7] $1s} 2 (thickening agent)r} =3}
(gelling agent) &-& <A A (stabilizer) 2 2]
FAkdel] dejalgEy Qo F2 2 Z
Holl o 37}x 2§, § A<d(Natural),
ukgH A3 (Semisynthetic) R 343 (Synthetic)
GumE 2 T2 5} (Table 1.).

AlFAgel 4 AMgEE Gume| e
Polysaccharides® F2 zledofl4] do{z]™
£3| BiopolymerZ <13 %t} ©]E Biopo
lymers thekgt FZA B4, $x3y 2

b4 2
chorgk 22X 54¢
, AF9 HFAE GAHA,
%21 A5l AEGume] g
$+27 —‘f—*éol £ 4FE uH2 Q7] g&

21}
L

=7, 28l3x Conformationg

(G

[

o o]lF BgRA FEAHEEL olF ddd=
AL Fgdth dubdeo 2 FL  Biopol
ymer-£-< (dilute biopolymer solution)-& New-
tonian behavior, 281 %% £d(con
centrated solution)2 Non-newtonian %3],
Shear-thinning behavior& el fict,

2 AEF Gumgdel dukAal
g2 dejg SA4EN dis) AR A
€3t g

Table 1. Principal biopolymers used in foods and their dlassification based on origin®
Natyral Semisynthetic Synithetic

Plant exudates Cellulose derivatives Polyvinylpyrolidone(PVP)
Gum arabic Sodium carboxymethylcellulose Polymers from polyethylene
Tragacanth gum Methylcellulose oxide(Polyox)
Karaya gum Hydroxyethylcellulose
Gatti gum Hydroxypropylmethylcellulose

Algal extracts Other dertvatives
Agar Modified starches

. Aginates Low-methoxyl pectins
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Table 1.(Cont.)

Natural

Semisynthetic

Synthetic

Carrageenans
Furcellaran

Gums from seeds
Guar
Locust bean gum
Mesquite

Gums from cereals
Starches

Plant extracts
Pectins

Gums from fermentation
Xanthan
Dextran

Gums of animal origin
Gelatin
Caseinates

Propylene glycoalginates

1. B27 M X (apparent viscosity)e} MLt
4 5 (shear rate)

HEE 533 Gumfde Shear-thin-
ning non-Newtonian¢l ¥l Agqueous gum-£ <}
S W AdEzoA A¥HQA FHZ(co
nstant viscosity), &, Zero shear viscosity(#,)
£ BT 7 ALLET A Power law

— A E ]

HAE UshaT. 293 Y 377

o Aoz Jdf FH7] AHFATL ¥

< AdEA oA FHE = Infinite
shear viscosity (9 )7} Qo] 3 4 Qith,

drtxo g HE GumEdsL x4
=@/l g FaY AGEE(r/7.)
9] curve(Fig. )& wW2n] o7A yu& R

B7) ARV} /1000 AQETE T}

LR e S ]

O e e
&M‘r"\;?%
\.}\

- "
S “1 \.\
= e
50 e
e Se

— 2 ’ AL

-3 . .

—4 -3 -2 -1 0 1 2
log(¥/70 1)

Fig. 1.
several biopolymer solutions.
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B2 AFCGumEYe AGEEe ZH7)
A= Behavior@A oA A2 A HE
2 yetdoh A9 dEE Gumg gL Zero
shear viscosity(7,)9} Power law behavior&
7}Z Shear-thinning behavior& B33 A
7] w2 o]e} Z-& Shear rate-apparent
viscosity data§ BEA}SH7] 3 e g2
A BEdEo] Ab&-Eo] gtk E3), Cross(4]
(1))3} Carreau(4](2))2 A% nydEo] F
WA AMEE o CrossEEe &
HollA 223 Carreaur @ mlFM F
2 g5 g} olg RYELS ZEANH
9} AP&E Plotol A B AP&EE oA
9] 43 Newtonian plateau®} Power law™
HE BAsl=dY o4 2 £ Ao 23y
£37179 &H#A &) Datalx ©A
Zero shear viscosity2} Power law viscosity'8
A7k dolHAM olE mHlL Zero shear vis
cosity(zes Pa. s)t} flowe] timeitso] 23

ANEE AZE F At 7 THPEY B
Al BTk olzl BAe RarelA AR
=8 8% 840t}

e
e (1)

7 =

— /4
= aranyT @

oA71A = AGEE, 7.5 ZEIIHE, 7
= Zero shear viscosity, @, A+= Al 7Aool g
m, N& Fgojth. ol F4& F3dwy
E (infinite shear viscosity, 7.)7} “07d] 7}
Aoy FA% Aol Ao waedltd 4 Eol
t}. Fig. 2.&= Mesquite seed gum{(MSG)¢]
FuI7-dEd AGLEE 2 Plotito] Carreau
Edol HgH AL BAgF Table 2.+
Mesquite seed gum(MSG)e] Carreau$}
Cross2 ¥ 9] ParameterZt&¢ el Fo
Ut

Table 2. Magnitudes of Bird— Carreau and Cross model parameters of mesquite seed gum{MSG)
Concentration Bird-Carreau Cross
(g/100mL) po(Pa-s)  A(s) N R? 7o{Pa-s) () m R?
0.6 0.04 0.24 0.07 1.00 0.06 0.49 0.25 1.00
0.8 0.0 0.18 0.09 1.00 0.11 0.15 0.43 1.00
1.0 0.16 0.13 0.12 1.00 0.18 0.08 0.57 1.00
1.2 0.32 0.19 0.14 1.00 0.38 0.12 0.57 1.00
1.4 0.64 0.29 0.16 1.00 0.75 0.16 0.60 1.00
1.6 1.50 0.80 0.15 0.99 1.78 0.32 0.55 1.00
1.8 2.75 0.96 0.17 0.99 3.27 0.37 043 1.00
2.0 4,29 1.13 0.18 0.99 5.12 0.43 0.60 1.00

2. IRE T (Intrinsic viscosity)9} S Xj2D}
of B

¢

[23

F¥dEE 1E2}(macromolecule)s] 3§+
S2A ol ZEE IFANE £ 9

I} APgHoz BHPo] oo HEA

2 229 7 FEdE #A7}
. & &9 M= Polymer chaing &
Z BalEo dAAHdoz £x3te] A3 2
ol gl= HH=EAM Z Polymerg &9
IFBE= Polymer chains9] g4 9=
A ©ch gty 1§ETE Lojio B

32 Jo rir

2]® Polymerd) &4 & o] Polymer7}
2] 8t+= Hydrodynamic volumeg L35 ol
£ F2 A%, Chain rigidity 3 Solvent
qualityel] &%t

BHE &9 Hx& &99 H= v
A At A = (relative viscosity, 702 B8 7}
3t

7. = 9/n,

A714 p= &d9 IS, p= Sofel
Tolth wdo] §3o YEE s 9
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0
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=
—1.2+
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-3 —1 3 5

In(y, sec™")

Fig. 2. In apparent viscosity(7,,) versus In shear rate(y)plots of MSG solutions(1.4~2.0g/
100mL ). Dotted lines(---) represent predictions of the Carreau model.

3 W) E(specific viscosity, )2 E A&
7} 5 et

N = (77_—7]5)/7752 77rel_'1
HEEE &8 839 4 & &4 &
Sol fZdnE FER Urd oF 29
A & (reduced viscosity, 7.4) 8 3t}

77r(d = OSD/C

714 Clg/em?, g/dL)& §Y9] Fxo)
o o] f FEE TR IA3HE gH4R
2Aztel FzAFl P e $39 A
S5} ehbzn o]@ 1 B2 S99 14
A & (intrinsic viscosity) &} &9 &3 Zo)
zddd

28 = DateZ9EH ()8 BA3
= W& 9e7hx Ao

AE Gume] ()& ZAste=Y &3] A}

£-5]= 212 Huggins(2(3))7 Kraemer(2]
(4)) A Eolth

7+/C = (7] +Ki(7)C (3)
Um)/C = (P+Kn)C  (4)

et 6 HEE YA E (reduced vis-
cosity, 7,/C &&(Inp)/C) A F=(C) H
Hoz ¥¥ FE + Al Table 3.3 Fig
3.& Huggins®t Kraemerd] &g o] &3} A
Xanthan gum®] ZHFEE 9= JFL& B2
oF3 o £F Table 4= 33 gumE
AE9 LHEZY FES HAFT Uoh
Huggins®4(K,)& Polymer-polymer inter-
action?] IndexZ THHIL L F3= 1
E2E Alolo] e ZFAFEE dehdch
Huggins®} KraemerAt+E(K, K))& o)&
Ao g K=K, +05%A4o] F¢=)
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Table 3. . Calcutation of intrinsic viscosity of xanthan gum
concentration /R (In7yw)/c
(g/dL) T 7 dL/g
0.0(solvent) 1.00 0.0 - - -
0.021 1.40 0.40 19.0 16.0
0.030 1.59 0.59 19.7 15.5
0.041 1.86 0.86 21.0 15.1
0.050 2.10 1.10 22.0 14.8
0.061 241 1.41 23.1 144
Polymer¢] Conformation©] Random coil¥d
o A4 agl @2 05~0.8¥eo iz
Polymer7} ## 3t Conformationg! 29 a
o ge 050ltelth. asl ol 0.80]4Fo]
 Hydrodynamic interactiono} glejAl £
Ho] TEAE AboloA zAFFA o]Fd
=y Al =t} Table 4= o2 Biopolymerd]
MWe IHAHEEL HAgF T Q.
B/ . 3. MES ST A
(ng.)/e Z7¥% % (moderate concentration) £
(dL/g) el Gume FEE FZ Polymer chain
Eo] A3 AS(interpenetration)® AE
" Z, Coll overlap perameter, C(7]o} ol& =&
Aee=v Clp)le FAYe=zAy £99
Polymer® ko] 2a A A3tE B (vol
o e ume)E Teth Clyle An AU f4
POl o 003 6o 005 0% oo gt Chain®4 Polymere] Flow properties&
C(g/dL) el dutstE Parameter24 Alg-5

Fig. 3. Combined Huggins ( ® ) and Kraemer
(©) estrapolation to intrinsic viscosi-
ty. The data are shown in Table. 3.

Mark-Houwink 4 g4 3H5dTe
FEAFMW)BAE dehhsd e
o2 F¥HAH

(7] = K(MW)?

o714 Ke} ax 592 Polymer-solvent
systemol] thgt EF 2xo|xe] ALEo]

CTE
o Polymere) ZHunAdz d@dAo) Yuk

&3 E3 o] Biopolymer& o] Uyt
?! Flow behaviortd 709l %& <43les &
83 Fgol7|x st ‘
25 (high concentration)o] /\-] + Poly-
mer chainEe] M2 AN HA=E 34
37t Ao FE7} %GM%HH«I Zero
shear viscosityoll P1X& AEFE log((76—7,)/
709 e logClnlel Ploez ¥8 7h&sict.
o2 F 2] GumE4 €] log((no—7.)/7s)l
et logClplel Plote Fig. 4.9 BdFm
At o} Y M BAFRo] o]lF Datars
2Me) ddeoz FEEH F Q= &, (1)
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Table. 4. Examples of intrinsic viscosity(7] and average molecular weight(MW) of some

biopolymers
. Method of MW
Biopolymer Solvent (n)(dl/g) MW determination
Apple pectin NaCl 0.155y 6.13 155,000 Light scattering
DE—-72.9%" 90,000 End-group analysis
Xanthan gum Water 168 — -
NaCl 2% 36.7 - -
NaCl 0.5% 430 1,800,000 Linght scattering
Ionic strength ©
Sodium alginate 0.01 22.0 650,000 -
0.1 130
10 10.2
Locust bean gum Water 11.2 1,600,000 Light scattering
53,000 End-group analysis
7.70 1,100,000 Light scattering
40,000 End-group analysis
Guar gum Water 45 440,000 Light scattering
12.5 1,650,000
CMC» Na(l 0.1y, 12.1 771,000 Viscosity average
pH 7.0 molecular weight
using
HECe 8.07 457,400 Mark-Houwink
relationships

“‘DE stands for degree of esterification
*CMC stands for sodium carboxymethylcelllulose.
¢HEC stands for hydroxyethylcellulose.

FEA A ?:’35/] do] 144 (power)E
bz2s 52 Qﬂ 34, (2) =9 diF d
E ""°l 3358 HEEs FFI L9499

o 5ol

& 9992 FH 53¢ 999
Q.E«] o] (transition) = Cpl=4dlA v}
ebtel. olg} Zo] Fig 4.0A9 T2
A sig s+ o] Critical concentration
(C*)olA Z+ ¥ H< Polymergo]l Az
5 AFE7] ARSI Crolf(FL £9)

=T oA Polymer chainEo] 4o g
4584 $40l2 CA(5FT SA)FE

o] = Polymer chaingo] Az AFEH
d & Axrt FAE FHs. GAES
A B 2AYdMEs £27F A=z FEH
o] EH o g YFite BAFET FE
e A9 RAHH, udatd & RE ¥
AEA7E &oe 58S ST EN HE
£ AARsA P vEe 53 QoA

£ 7 Ao 234 B % I
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(entanglements)o] WAslEE AHI}E &
Z7+e] uj B o} & A 8} (internal frictional resis-
tance)ol| ¢}&td A=t AR At Fig. 5.
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log 7,

—_

—05 0 95 10 15 20
log c(#)
Fig. 4. Effect of concentration on zero-shear viscosity —plot of dimensionless concentration
log c(7] versus log((70—7.)/7.)

10
y=0.42+5.27x R?= 0.996
8_
<)
|| =
S gk
£ i !
) 1
I
41 I C*
[
|
y=3.39+2.17x R?= 0.998
2 L . | 1 i 4 i 1 1 1 .
—-0.5 0.0 0.5 1.0 1.5 2.0
In(C(#n))

Fig. 5. Plot of IN(C[%])— (7.,.)for diute and concentrated regimes of MSG Solutions
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FQell & Clglet 7,9 PlotellAe] C*&

BoAF3 Utk

4. Biopdymer22i 2| ety

Biopolymer&<§-& ¢d u¥Ale} S4AR
o] 7t Behavior &, %4 Behaviors
vetl 3 it Biopolymer&<4o] Hgh
A& SAs= AgEEe] AR E 9
=6 Table 5.& ¢l F 4% & BAFT
Ut olE o3 H¥LHF Dynamicd Y
H Eo] g9 Macromolecular conforma-
tion# Intermolecular interaction® £33 x|
S8 53 #4833t F24 F(Dynamic
property)oll Al Stresse ¥4 A Oscillatory fre-
quency©] Sinusoidal®tH oz A{FHRoz W
gk}, gkeF Viscoelastic behavior?} Linearsh
o} Strain £3F Sinusoidaldl Al wW3E A
oju} Stress$t tlEo Out of phaser} & A
o|t}. Biopolymer& 2] ¥4 Behaviord
TFAA BAJE 2LEA EAL ©A4F
5/ (solid like)& H o F £ Storage modulus

(G} FA=EAiqud like)g uYehis=
Loss modulus(G”)2 <3 @kch =3 G*
(Complex modulas)e ¥¥ol] it HAE
A 9] Shear resistance?] &3& e G*
=(G' 2+G"2)32 ZdHth G*/ost 5
&t Complex viscosity, p*sms & & (flow)d]
g AvkE Age] £HE WY 0w
angular frequency(rad/sec)o]t}. Fig. 6.3}
Fig. 7= MSG& 949 3425 G, G, »
*27 pole] TBAE SdFEd wet B
F3 Yt

5. Steady shear2} Dynamic 2|2 2X| EME

o MDA

Steadys shear®} %2 (dynamic) 2]&=2%|
EA4E Atolg AdEdAdAe B2 4F Gum
LA g HL= At Cox-Merzo] HA
(Superposition) ¥4 2l (4]5)= <=3 Po
lymergeol wis] A¥xo=z FAFUL.
o] Cox-Merz®§ &€& Dynamicd & o] A ¢}

Table 5. Some exmples of research studies that have been conducted on viscoelastic proper-

ties of biopolymer solutions

Method Samples Measurements
Stress-relaxation-time studies Aqueous dispersions of Stress-relaxation
(Weissenberg Rheogoniometer, sunflower proteins modulus

model R16)
Transient experiments — Creep
compliance and recovery
(Deer rheometer, cone-plate
geometry)
Rheometrics torsional flow
Rheometer
(cone-plate geometry)
Dynamic oscilliatory experiments
(Contraves viscoelastometer)
Dynamic oscillatory experiments
(Rheometrics Mechanical
spectrometer RMS-605)
Dynamic oscillatory experiments
(Rheometrics system IV
rheometer, cone-plate geometry)
Dynamic oscillatory experiments
(Rheometrics fluids rheometer,
cone~-plate geometry)

Dynamic oscillatory and transient
experiments(Rheometrics
mechanical spectrometer RMS-605,
cone-plate geometry)

(pH 10.0)
Aqueous 1% xanthan
gum solutions

Guar gum solutions

sunflower and faba bean
protein dopes

Aqueous guar gum
solutions

Xantham gum solutions
(water and 0.1M NaCl)

Guar gum, karaya gum,
carrageenan, CMC, and
CMC-guar blands®

Guar gum and xanthan gum

solutions

Creep compliance and
Newtonian viscosity

First normal stress
difference

Storage and loss moduli

Storage and loss moduli

Storage and loss moduli ;
transient stresses

Complex and dynamic
viscosities, and the
out of phase component
of the complex viscosity ;
normal stresses

Complex viscosity,
storage and loss modulic ;
stress overshoot and

normal stresses
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Fig. 6 In(G", G")vs. In @ of 1.6g/100mL(A :
A), 18g/100mL(o ; ®), and 2.0g/
100mL{]; @) MSG solutions-open
symbols G”, closed symbols G’

-
1.0
* .
CEEE! ",
« . =
DC} a . . .-'-
S 0.0F A o, "\
£ ‘L %o
‘A‘ '.\ .
3 A .
s
4
—-1.0 . 1 s 1
0.5 1.5 2.5 3.5 4.5

Fig. 7 In * vs. In w of 1.6g/100mL( A ),
1.8g/100mL( @ ), and 2.0g/100mL
(M) MSG solutions.

Frequency(w)9} Complex viscosity(y*)2e} =
Alell Steady shear2 Folx] 9] shear rates}
ShearZ H71HE & Zo| dAA e Ao
&£ o] Random coil biopolymer& o} =
&3 &Adh

7)) =9 | 4uy (5)

483 Cox-Merz4 @8 A= <2 Biopo
lymer systemol| A LAY o™ o]l Gala-
ctomannan sampleE® ¥ Y= YA(En
tanglement)o] EAJ9t AT/l Ax =G
Karaya gum, Xanthan gum 22]31 High-
methoxyl pectin dispersion7d £-9} Zro] L&A}
glojA el B2 E Aggregationo)y} FZFA4
o] HE d#/gdo]l Ath Fig 6.2 MSG
249} Cox-Merz plot& BoAF1 Ut

2

. ) L N 1 i L
e —37 -1 1 3 5

-

In y(s™') or w(rad/s)

Fig. 8 Cox-Merz plot of 1.6g/100mbL(A),
1.8g/100ml( 0 ), and 2.0g/100mL{[1)
MSG solutions.
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