KOREAN J. SOC. FOOD SCI.

Vol.

4, No. 1, Jun. 1988

Pseudomonas elodea o] & s14 A 4% Gellan gum 3}
Agar 9] rheology &4 u] molF

S I E I

A RN A FE}

Study on rheological characterization of

Gellan gum Produced by Pseudomonas elodea

—Comparative Studies on Rheological Characterization of
Gellan gum and Agar—

Hye Suk Kwon, and Sung Ja Koo

Dept. of Foods and Nutrition, Kyung Hee University

Abstract

The polysaccharide produced by pseudomonas elodea, Gellan gum, was rheologically characte-
rized, compared with agar.

Rheological properties were determined from the change in the value of intrinsic viscosity
with the pH and salt concentration. At the range of pH 2~11 and salt 0~0.16M KCI, the intri-
nsic viscosity of Gellan gum ranged from 8. 8 to 21.2d1/g and agar ranged from 1.97 to 11.46dl/g.

In the absence of salt, the intrinsic viscosity of Gellan gum increased as the pH ,of solution
increased up to neutral pH then decreased slightly at alkaline pH, whearas the intrinsic viscosity
of agar increased as the pH of solution increased up to pH 9 then decreased slightly.

Intrinsic viscosity of Gellan gum and agar decreased with an increase in salt concentration.
The chain stiffness parameter for the Gellan gum was 0.033. The overlap parameter of Gellan
gum and agar were 0.047g/dl and 0.087g/dl, respectively.

Gellan gum and agar were shear rate dependent or pseudoplastic. The yield stress and propo-
rtionality constant of Gellan gum increased slightly as the concentration increase, on the other
hand, the shear index of Gellan gum showed a maximum at 0.75g/dl and gradually decreased
as the concentration increase.

The apparent viscosity of Gellan gum and agar decreased as the temperature increase. A lower
concentration of the divalent cations calcium and magnesium is required to obtain maximum gel
strength than for the monovalent cations sodium and potassium.
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1) Intrinsic viscosity &3

intrinsic viscosity &4 & $]3] Calibrated Cannon
‘Fenske capillary viscometer(size 50, Cannon Instru-
.ment, State College, Pa)& A-£-3t9lt}.
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1. Intrinsic Viscosity

Cannon-Fenske capillary viscometer & AM-8-3t¢] pH
w9 2~113 95 % 0M~0.16M KCl of] ] Gellan gum
7} agar 9] intrinsic viscosity &= Huggins Eguation

Table 1. Intrinsic Viscosity of Gellan gum & Agar.

pH M-KCl (7] of Gellan gum (7] of Agar

2 0. 00 — 1.97
0.01 — 0.81

0.03 — 0.44

0. 05 - 0.29

0. 07 — 0.23

0.10 —_ 0.17

0.16 — 0.11

4 0. 00 12.9 2.57
0.01 8.6 1.79

0.03 7.6 1.65

0.05 6.8 1.48

0.07 6.4 1.32

0.10 6.2 1.18

0.16 5.0 1.13

7 0.00 21.2 4.53
0.01 8.5 3.32

0.03 5.1 2.89

0.05 2.4 2.59

0.07 2.3 2.22

0.10 2.1 2.05

0.16 1.9 1.82

9 0.00 11.4 11.46
0.01 6.2 10. 90

0.03 10.8 10. 86

0. 05 10.9 10.16

0.07 11.0 9.93

0.10 11.2 9.21

0.16 11.5 8.53

11 0. 00 8.8 5.79
0.01 6.1 4.91

0.03 10.5 4.32

0. 05 10.7 3.93

0.07 11.2 3.35

0.10 1.7 2.76

0.16 12.6 2.40

-7 4 A

3z g A
o 93 A&s 32 Table 1¢] ebyleh.

g8 F4stA o Ae oA Gellan gum 9] intrinsic
viscosity 2 8.8~21.2dl/g ez pH 7d]A A% ¥
gty agar 9 intrinsic viscosity Zh-& 1.97~11.46dl/g
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A olE 4¥Es FA% W 9 nrEs A
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Fig. 2. Salt Concentration Dependence of Gellan
gum at 25°C
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3) Chain Stiffness
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Table 2. Chain Stiffness Parameter, B, of Polymers.

Polymer B Reference
Xanthan 0.005 30)
Zooglan 0.025 23)
Alginate 0. 040 25)
Sodium Pectinate 0. 040 25)
Carboxymethylcellulose 0. 050 3D
Hyaluronic acid 0.070 30)
Chitosan 0.100 32)
Carboxymethylamylose 0.200 33)
Dextran Sulfate 0. 230 25)
Gellan gum 0.033 this study

A A 0.24 Ao E.

w}2}4] Gellan gum 2} backbone -& Table 20]4 2
= u}s} o] Zooglan # Xanthan gum -2 A& o
£ biopolymer 2.v} ¥ whetd Ao ® ety

4) Overlap Parameter

overlap parameter = intrinsic viscosity ¢ g 4¢]#
dilute zone 3 ccncentrated zone-& FEAE 4A F
E(C¥olch, AdutA oz AAY FE5}L ¢AFEECH
ad F e 53¢ §Qoz LU

Gellan gum ¢ overlap parameter(3-& 54 FE)+=
0.047g/dl o] 32 agar = 0.087g/dl 2 o] FXdlA ent-
anglement 7} A #3 o},

2. Steady Shear Viscosity

1) Shear &4

shear &AL 2 Ao EA%E F= 54& v
W =439, Gellan gum 3} agar & shear rate 7} %7}
8}o] w2} apparent viscosity 7} A A4 3HE pseu-
doplastic behavior & v}l 0w o] 3= shear thinning
3 ga g

pseudoplastic behavior & A %A Fzx9 I
A e eh B3, o) ¥ A7 dXI}Z Y
o},

Gellan gum 3 agar &= t}943F A &5 XA shear
rate 7} Z7}skol] uh2} shear stress 7} F713te Ro2
vesgon, A28 $E} ¥84F 7 shear rate ]
A shear stress & &4 ebyoh(Fig. 4,5).

2) AasE &4
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o] A3%E7t £&4E apparent viscosity7} &4
gyt s, ¥ shear rate o] A} & shear rate 2 7o

&7

4 A L EL SR

1.9
WS o 0259/d1
~+ 0.509/d1

3 « 0.759/41
5 -~ 1.009/d)
~ -
o 1.7 1
2
@
w
© 1.6
)
0
M
7
= 1.5 4
v

+ 1.44 /’_,_,.———"ﬂ

1.3 i -
0 100 200 300
Shear rate, sec™
Fig. 4. Shear Rate versus Shear Stress for Gellan

gum, 0.5g/dl, at 25°C

dyn/cm?
+¢++N

@
f.)
I
[
-
3 . 0.25¢/d1
5) 1.5 0.509/d1 1
0.75¢/d1
1.00g/d)
1.44
1.3 . .
0 100 200 300

Shear rate, sec™!

Fig. 5. Shear Rate versus Shear Stress for Agar,
0.5¢g/dl, at 25°C Fig.



Vol. 4, No. 1(1988)

deh ARFE 24 Fadlh

yield stress, u]#) A<, shear index & A zFE 9
&2 Table 3¢ byl s, Casson Equation®®s}
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yield stress ¢ 8] # A4 = Gellan gum £4 2 ¥ =
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2o gleo] chain entanglement 8] ZAeje] rlQl etz
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2 matrix & 3 A3},

dupd oz od FL ¥
yield stress & Y}z ko
A EH& vepdoh

vield stress & EFAE Helol o dojvhE ¥4
7} 9459 physical entanglement $ intermolecular
interaction o] &} ¥ i} network 3 Ao 7| aldH
coating, thickeness, reducing drip, preventing flow &
2AsEd 58 Fasthn.

Gellan gum 9] shear index & 0.75g/dl 7}=] A 4] 3]
ZASE T 2 o 49 FRAA GpH 2HaFI] A
28 = o] A2 M.ILT(Biomaterial Group)®9] 4772
sep dR @

=8 Fx9 Gellan gum o] 4] & Gellan gum A}o] 2]
intermolecular interaction o] %7}3}¢] shearing & %
QA7 R e Fx9 polymer A 2ok & FE
9] polymer o A viscosity = shear o] &3+, FE
7} Z7}%o] wel shear index 7} 7b4dtA ot

28} & Exo]A £AE mechanical shear 7}

A%, g, F3YL
o] rheology A @4

©] o] 4 intermolecular interaction & FQA71A Fx
Zao g Aol FAE WA overlap ot

2AEZY gL viscosity, H#HIT,
stress o] 7]d3}e], overlap AE+E AEFESY EA
7)o o FgH,

intrinsic viscosity 2 58 $4 3 Gellan gum 9 ov-

yield

Table 3. Concentration Dependence of Yield stress
(Y), Proportionality constant(h), Shear in-

dex(s) for Gellan gum.

Concentration(g/dl) Y(Pa.) b(Pa. sec®) s
0.25 1.31 0.016 0.50
0.50 1.37 0.024 0.54
0.75 1.38 0.038 0.55
1.00 1.45 0.047 0.54

Pseudomonas elodead] 2]l 4 A 4% Gellan gum 3} Agar ] rheology 23

erlap FE+= 0.042g/dl o} 2z 0. 25g/dl~1.0g/dl 9
Gellan gum %A Gellan gum %=}9] overlap o]
ukA3ke] intrinsic viscosity, ®] & A<=, yield stress =
Zo5HA "o

3D Lx &4

Gellan gum 2} agar 9] 2%o] o}dl apparent visc-
osity 7} &A= 9w, = A3 Fig. 64 ey
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<+ % F A
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=0, apparent viscosity & YElflz 17}gq KClo]
7}A & apparent viscosity & Vel 4] o] £ vee-
der ) Q7R3 Ak Fo] 27hapol Lol 1rhael
2ur} gel AE o & GFE FH, 2l F
MgCl7} CaClich v &b o]z 17b9ko] £ & Nall
o] KClar} v adgAolete A3t A gt

=3 Kelco Company ¢ 72 =29 0.75%
2% o] Gelrite & 0.1% =9 MgSO,, 7H.0 2z =%
o]A gel & 1.5% agar 2 %5o) A gelo) Bz
3 =t

m=z £

Az2 v E vFFFel Gellan gum 3 agar 9] rh-
eology 540 Asva d7IREd = A%E G
3 7,

Pseudomonas elodeac] 9}3]4] A 4+ Gellan gum 2} Agar ¢] rheology 25

1. Gellan gum ¢ intrinsic viscosity & @& 7}skA]
okok-e W] 8.8~21.2g/dl 2.2 pH 74|14 s}F &
gbel, agar = 1.97~11.46g/dl 2. =24 pH 944 7}
& =9kt

2. Gellan gum 3} agar & g9 FE7 Z718] w2
intrinsic viscosity 7} 744 ¥ & Q&4 & YEHA
t}.

3. Gellan gum 9] chain stiffness & 0.03 o] 4 =}.

4. Gellan gum 9} agar ¢] overlap parameter &= 27
0.047g/dl, 0.087g/dl 2 ©] %] 4] entanglement
7 AL

5. Gellan gum ¥ agar &= shear rate 7} F7+3o] <
z} apparent viscosity 7} 4% ZFadtg o,
shear stress = Z7}3}= pseudoplastic behavior &
vhehi o

6. Gellan gum 9] % =7} Z7}8o] =g} yield stress
9wl A u)ad ZEr7bE hEly o shear index
E 0.75g/AIAA E FAEE 2 0|48 FEAAE
Zaste 544 dehish

7. Gellan gum & agar 25 257} 718 =%
apparent viscosity 7} #F&dE €29 £4& v
3 e

8. A&7 AT 424 < 24 Urea s 17hg 1 KCI
o 27b9 4 MgClieh 0.0IMAR & G%ol o 2
o o]etsd WHAE 2714, Urea, 17449
£AZ 9l At
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