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Table 1. Polysaccharide Food Markets
3 2
S B 4. & e
4 2 8 8 % = Eo
S g 53 o 2 7 %) ) 3
L] Q S = o [t a @ - g 5] 2
e e o =1 o © o] o o S 2] =] ]
3 a a o B = Bt I ] g 3
S g 00 > o - =) 5 = e S
N @ = N 9 b5 s 5} g © 28
= < 5 18, N A=} Q - = [had o =] o
> & 5 4 o el ,S > oy [5) o < w - -
by 2] i < 2] = P e o ot Q o (=] e} (5]
a &) ] =} o <) @ M 25! M &) n Q & Ay
Microbial
Xanthan gum X X X X X X X X X X X X
Seaweed
Alginates X X X X X X X X X X X
Agar X X X X X X
Carrageenan X X X X X X
Plant
Guar gum X X X X X
Locust bean gum X X X X
Psyllium Husks X X
Quince seed X
Gum arabic X X X X X
Gum tragacanth X X X X X X X
Gum karaya X X X
Cellulosics
CMC X X X X X X X X X X X
HPC X X
HEC X X X
Microcrystalline cellulose X X X

Table 2. Microbial polysaccharides of commercial interest

Type

Microbial Source

a. Commercially Available
Xanthan gum
Gellan gum
Dextran

b. Under Current Development

s~130 poysaccharide
$~194 polysaccharide

c. Developed to large scale
Scleroglucan
Curdlan

Pullulan
Bakers'yeast glyc: n
Bacterial alginate

Anionic
Anionic
Neutral

Anionic
Anionic

Neutral
Neutral

Neutral
Neutral
Anionic

Xanthomonas campestris
Pseudomonas elodea
Leuconostoc spp.

Alcaligenes spp.
Alcaligenes spp.

Sclerotium spp.

Agrobacterium spp.
Alcaligenes faecalis

Aureobasidium pullulans
Saccharomyces cerevisiae

Azotobacter vinelandi
Pseudomonas aeroginosa
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Table 3. Rheological parameter for Biopolymers

Biopolymers Solution condition M.W. (3] (dl/g) “gr B

Chitosan Acetic acid 2X10° 6.4 0.15 0.15
Pullulan H,0 2.5X10° — 0. 66 —
Amylose H,0 3.0%10° 0.60 0.68 -
Amylopectin 9.0X107 1.27 — —
Cellulose Cardoxen — — 0.75 —
Hyaluronic acid H,0-Nacl 5.0X 10° 8.50 0.82 0.07
Carboxymethyl 0. 005M NaCl 4.0%10° 12.30 0.95 0.05
cellulose 0.200M Nacl — — 0.74 —
Alginate 0.1M NaCl 2.0x 108 11.9 1.00 0. 04
Sodium alginate H,0 2.0x10° 31.0 1.00 —
Xanthan H,0 2.0X10° 190.0 1.80 0. 005
Zooglan H,0 2.0x107 167.0 — 0.02
Gum arabic — 3.0X10° 0.13 — -
Sodium Pectinate — — 0.04
Dextran sulfate — — 0.23
Dextran 104~ 108 — — —
Carboxymethyl — — 0.20

amylose

Polyacrylate — — 0.23
Gellan 21.2 — 0.03
Welan 17.9 — 0.01

—

.h_--‘/
Extended Ribbon Hollow Helix Crumpled Ribbon Flexibl: Coil
a(1-3) a(i-4) a(1—2) a(1—6)
B(1—4) B(1-3) B(1—2) A(1—6)

Fig. 3. Schematic representation of the regular conformations predicted for glucans by conformational
analysis(Powell, 1979).

)=1/C (9/ne—1Dc=o =2 vekdel, (g% Huggin’'s Equation!s1®¢] &3k
719 =241+ 1/Cs dl/g(100ml/g) & ml/ge iyl es AAEFcl. Table 3+ xasl of# biopol-
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Fig. 4. Structure-Property-Function
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(i) Chain Conformation

Qoo 4] polymer ¢l polymer =1 polymer g}
solvent 7t8] Ar5 288 W} Fadlel, ol re %
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Edl o] 49 Fa4dL AF “a”st S44 A4 polymer
Bzl mekzl AT, LA A=) (polyelectrol-
yte) el dalA A4 ax pH o] 2456 =
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Table 4. Value of Mark-Houwink Constant(a) for
difference molecular conformations

[n]=KM=
» Mark-Houwink
Conformation Constant
(a)
Rigid spere ' 0
Flexble chain
random coil (equivalant spere 0.5~0.8
model)
free draining 1.0~1.2
Rod 1.8

A ks wrivh. Table 314 B: uke} e} Chit-
osan(0.15) ¢+ 7-e nEA AHA dhFfe Aol A
A4 g e AdA o1& polymer Bv} 2Ud A
2 (rigid sphere)& z+& @tw Xanthan gum(1.8)%
extended rigid rod ®mo¥g& ZHEth,

(ii) Chain flexibility

Biopolymere] chain flexibility & @ot27] 213

stheta” Z715}e]4] characteristic ratio(C.)-$&
gth, C.k Yamakawa Eq®o 2 e A 4kd+.

.
T
3

)

KT

__6(5)
C- Nwl,
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1=monomer length
(S)s=theta condition
gurd o 2 Ca<109#) & helical chain-& g4t
on, C.>10~1008#1% extended ribbon Fel 2
g}, =3 C.zh- B8 OH group$] equatorial
(e-e) #-& axial orientation(a-a)$] 3 &g AEE A
A& Ert.
(iii) Chain stiffness
t}t} -2 chain stiffness & [pJ23e A4T 4 3
o] Smidsord ¢} Haug Equation'®e] &s}A F-3tv},
)=4,+Blg)] Cs™2
o714 A,=constant
B=Chain stffness
rJ 0.1=Intrinsic viscosity at 0.1M KCl
Cs=Salt concentration
constant Bx charge Atej e} EA Ay F@:35H=
a FAo Ax:FL Jehdeh.
«Bre] ko) 0.005(rigid rod)e] A el 0.24(polyel-
ectrolyte) 8] zre 7}A= Table 3o 4 8} 2re] Zooglan

Elam e B
(0.02), Xanthan(0.005), Gellan(0.03), Welan(0.
01) %ol A Xanthan o] A9 w=}sic}.
(iv) Chain branching
R.x}gFe] 7+4- o] branched polymer - linear pol-
ymer v} 29§ F2E e
Gum arabic 7+-& branched polymer = W%-& intrinsic

amylopectin 3}

viscosity 2 iy,
(v) Electrostatic repulson
polyelectrolyte polymer & charge ion & A}e]d]
AR A ukuke] ¢l7 wEe] we].24 polymer But
o A3 F2E 2Eo. HF S4L A o g
ZAE7 FAgA wel F4T.
Cplsh ol 4% Apole] gk & 4o AAAT,
i Jr
1// 16 9% ()8 &=L Steric effects =]
wie} stz extended polymer 2t} flexible polymer
o sl o Za.
(vi) Polymer-Solvent Interaction
polymer ¢ 3|A (gyration)ut73 & -§=18) ) o &F
< wrrtr}, 2.2 £l 4% polymer-solvent intera-
ction-& 38 Aol w coil  BA-& Zef gt
a?=ala,"2=a? C.nl?
a=expension factor
theta 2v} (= ideal solvent)Fo]AE a=1o=
Zo $AFAAE a>1, EFAZTT SdAE <
o]t} (Fig. 5).
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levl. Morris 108 22 BuF g4 A#A
¢lnlel ©h&F nspo(Zero shear rate)& A= ¥
5o} th3E Lele] A5 ey (Fig. 6).
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Fig. 5. Polymer-Solvent Interaction. Aja>>1(good solvent) Bja=1 (theta solvent), C;a<1(bad solvent)

A=t 553 f96) 4 parameter coil - E#| A
© 2 entanglement 7} deld 4= 93 o] entanglem-
ent = A3t Hetd AF &F o} 24 Ad@ch ¢
(]9 sl Al Folslell 4 Zero shear rate R4 Chiof
JEHAY L& FRAAE %) o Z=r). Poly-
mer ¢8| [p)& &1 giv}w Zero shear rate viscosity
9l 2Ae] sheetn do2 (= AT 4 sleh o
w polymer & Fig, 69] ¥R %L A= 9o galac-
tomannose, agar gum, locust bean gum s+ hyalur-
onate ¢} zr-& polymer &= & pHdA ¥F3 F&
A4 Adgn Axuct & viscosity T Z&v}. Syn-
thetic polymer o] gloj A 4AAY = (C): YAFE
(CHxR) Fa o] g9 “semi-dilute”s} 3}z CLC*
da g “dilute”slclz v}, gybd oz C>C*Y
W sEshtm @b, o] WHlelA polymer coil B
overlap 5l 12 entanglement coupling o] rheology A
3 AN g, FEs Fo48E AxRs Fobsla A
+4 5+ non-Newtonian A %% el v}, F2}E shear
o g&sHA ek, A=A B4 & 935940 energy
5 AT FHe] gl w4 ZAEAL AL
= 7]AA4 energy 7/} o 24 W) R}, entanglements
= gl 4 o A4 o = crosslinks &= & Z31c}, ent-
anglement 7} HAH & dl= oy Az AR
entanglement == shear rate 7} Z7}3td] wlel 7+

3 Aoletd.
ii) Steady Shear Viscosity
Shear rate dependency
Shear dependency & polymer system o A T
29 B3 Jei A2RA pseudoplastic behavior
o) shear thickening % &4t AA At . Pseu-
doplastic ¢} 9 &) shear rate ¢} shear stress A&
a1y o 2 Power law Equation 2.2 23 g},
=Y +brS
& 7] 4| r=shear stress
r=shear rate
Y=yield stress
p=proportionality constant
s=flow behavior index
Pseudoplastic behavior & T2 A 24 ¢ sha v}
Awd e vepde flowd] = A ggte). Table 5%
Xanthan gum $] steady shear viscosity & &A%
grolth. Y(yield stress)E FE=7F F7He) w3
743t o shear index & 2rasteiel. ol & shear
thinning o] &t A& A A3 Zu] shear rated] ¢
Z23}+e pseudoplastic (Fig. 7) behavior ¥ WebA ek
overlap A =& w1358 FEsh =sd AR AR
2 Iy A overlap ¥ = %%%= Xanthan
8 A$E 0.005g/dle]l =22 xwo A ¥E overlap
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Table 5. Influence of Gum Concentration on Xa-
nthan Gum Yield Value

Gum :
. Yield Valure
Concer%ratlon (dynes/cm?) K n
0.1 0.424 1.43 0.473
0.25 0.969 6.35 0.403
0.5 8.15 21.2 0.314
1.0 38.8 59.3 0.294
Whear K—=consistency coefficient
n=flow behavior index
4
3
Slope=3.3
o
2 N3
o
=
=1}
=
!
t
i
a (o] i
t
Pelo)=4
” |
oF Slope=1. 4:
|
&) l
|
!
—0.5 0 0.5 1.0 1.5 2.0
logcln]

Fig. 6. Variation in the Zero Shear Viscosity of
Polysaccharide Solutions with the Degree
of Occupency of Space by the Polymer
Coils
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Fig. 8. Dependence of Apparent Viscosity(pH 7,
salt concentration OM KCI and 25°C) on
Shear Rate and Zooglan Concentration.

o] wAF Aolm Y, b& FtetA Aot

Time dependency

917 3l shear rate Z73}oj4] shear timeo] &3
shear stress & z+4-3}& 7% thixotropic & Abo}2}d}
3 Z7}s+x A $E rheopectic flow g sh&8] thixo-
tropy o] @A 5= 1=} pseudoplastic behavior g}
stz 5= rheopectic flow behavior £ shear-thicken-
ing o] 34 A}, Zooglan 115% 1.0%0] 48 X
A% thixotropic behavior & vtelyl v} (Fig. 8)

iii) Dynamic properties
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Dynamic §4 & (linear viscoelastic behavior)g]
storage modulus(G”), loss modulus(G’’)¢} damping
& glass transition, crystallity, crosslinking = 3.
Zk-g-A o wl - ul e}, Ak o 2 rubbery region
o4 damping & F 4ol 3 energy £ Gulgle] A
A}, Go] G”3ot A4 elastic plateau Zone o]
Al AR, G'eF G778 ghel ¢ ] frequency (o)
tan g=1¢]t}, tan <194 & viscous flow behavior
+ zZtow tan s>l &= ¥ #erh
Z%t rubbery elasticity o] 264 G’7} frequency

| =3 A<l rubbery regione] Agd 4+ grlE s
Bt by Aol Ay A},

G’'=CRT/Mc

o] 7] 44 Mc=mean molecular weight between mo-

lecular entanglement

elastic behavior

R=gas constant
T=temperature(°K)
Yin 5o ¢354 entanglement degree(M/Mc) = t}
w3 &L G4 Gok Gaie T & g,
G /G’ =1.02(2 Mc/M)®°-8
1714 /G’ =damping
M=molecular weight
Fig. 9+ Xanthan gum(C=0.025 to 0.8g dl"v)¢]
dynamic 54 Jepg Aelvl, Fig. 9ol4 & ulgl
2ol wE7F Skl vl A4 A5 g elastic
o] 4 rubber-like liquid 2 HaIJL B =s, ¢>

&, # % group g
on degree)d] ] gte},

. 3) Sandford, P.A., Cottrell,
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G’dwl £ flow behavior & zFx G/>G4# L elastic
vehavior & zt Rr}. Zooglan s} 7o

+ ¥-& frequenced} 4 elastic plateau zoned 7%
polymer = Zx)&c},

biopolymer

4 £

Biopolymer & 715542 28] Z: Ed4 %
A S 54 g 2=k, Lo} glefA biop-
olymer behavior & polymer 9} solvent 43 28]
71413k, biopolymer ¢] monomer composition, 2 g
33 54 5L 43 = (hydrat-
=3 fY5EHE T4
Bl olzt o]l e E, €%, pHEAE vl 93
ubr}, biopolymer o Eul4 E4st o 2]z}
A 2E4 behavior 7} #¥Add 1E4 4L F
7t AeolH, olBHor FTE—FAH—75 AZHA
2R o}oﬁ {3t 715 wel biopolymer & 3
55 Z7} design & 4+ g}, fAztz3d 93
& rﬂﬁP tasle 2 AN slge] FAAc
= w4 & biopolymer 8] JAAst ZAAAHL ZA A
AR, =% o TE Yeast rE¢] FA4Eq veast
glucan & AR Ae] i ozl A E4
AE9] 84 of thokg Aol
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