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" Abstract

Rhamsan gum produced by Alcaligenes was rheologically characterized, and compared to
that of xanthan gum. The rheological properties were derermined from the change in the value
of intrinsic viscosity with pH and salt concentration. at the range of pH 2~11 and salt
concentration of 0~ 1.0 M KCI, the intrinsic viscosities of rhamsan gum were in the range of 8.
2 to 36.2dl/g and those of xanthan gum 8.19 to 44 dl/g. In the absence of salt, the intrinsic
viscosity of rhamsan gum and Xanthan gum increased as the pH of solution increased up to
neutral pH, and then decreased at alkaline pH. The intrinisc viscosities of rhamsan and anthan
gum were not affec6ted by the increment of salt concentration. the chain stiffness paramenter
for the rhamsan gum was 0.016. The overlap paramoeters of rhamsan and xanthan gum were
0.025 and 0.022 g/dl, respectively. rhamsan and xanthan gum were shear rate dependent or
pseudoplastic. The yield stress of rhamsan gum increased slightly, but the shear index de-
creased as the concentration increased. The apparent viscosityes of rhamsan and xanthan gum
decreased as the temperature increased. The salt effect of divalent cations (calcium, magne-
sium) was lower than monovalent cations (sodium, potassium).

Corresponsing author: Im-Seon Lee, Department of food & Nutrition, Kyung Hee University, 1, Heoigidong, dong
daemungu, Seoul, 130-701, Korea
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I. M &

42 782} (biopolymer) 5-& A FoA] AH4k3io
olzriAA] FHHSIAl Agsn et ol HRtF
€ Boll &8 AY FAkso] T34, HAA, FFHAA
AezAe elg2x] A8 vebd 4 glen tg§o
ARG AYE 2Age A EolH BAS ook
A#H 2 o) 58 WY 47 U,

b8 welelol, FFo] B AR Foll o3t A
$A5 3 glov AR e Fe ¢ AEIFAELS 0
¥ 4+E ¢} macroalgaes 8 223 A3 Qi)
£3) oj4 e odfie B AE2EA AR £5F
Axaht go e A2 FAFY 7)gol g Actat
a4 o] 7H5A & WS Fofelth

n| Qg AE3 #15] YEEA24 acetobaceter
agarobacterim alcaligenes% o5 ¥ 2] cellulose,
lactobacillus leuconostoc streptococcus% 22 F-¥ 2]
dextran, azotobacter pseudomonas3 H-®| algnate,
alcaligenes agarobacterium< 2.2 %] curdlan,
aureobasidium-2o 8 ¥l 9] pullulan, xenthomonas
40 g B9 xanthan, mucoraleZ §-¥ 2] chitosan
o] glod ol gt B-& A7} o} F oA Y,

=3} 2ot alcaligenes 2 2 H-¥ rhamsan
gums} welan gum 28}l psexdomonas elodea®. %
g gellan gum$olE @& #4lo) 3R gled, ol
A7bx) ol &) AT REAE 2 T2 UAME oi$-
et 8 &2 AL 7] th2 e rhamsa gume
3)-3-D-Glcp-(1 — 4)-8-D-GlcpA-(1 — 4)-8-D-(1— 4)-
a-L-Rhap-(1— 2 F4 3 tetra-saccharideoll 27}
gluose 721§ 7MA T QUeks 2R U0

Rhamsan gum$ Ao g 7}4=4-3) 3bd L-rhamnose
5} 229%. D-glucose?t 78% °l= D-glucuroric(9
~13%) 3 O-acetyl group(4~13%) 22 5o} it
gellan gumoll =A% & glyceric acidv rham-
san gumoll Al 7= ¢ho=| methylation £4F
33 ALE 2 hexasaccharide repeating units® T34
o] y#l#c}”. rhamsan gum®} F8 54L& =5
o] 248x nEEolE AT B FE, WA
s ME ¥ HA4E Bolw 100Ce LM E
W odag v Gedn RnsHA, A o]-&-njoj

B3z 4=

A B9 w g Qe $atoliz), Hclel il & A4
22 Qe A4FAlelr 1 o] slisn Qlch =g
rhamsan gum-® xanthomonas campestris® "wiol| 2
] AJAlel xanthan gumat o] F& ofr7h4 4
(shear thinning) & Z+x 3t}

33 xanthan gumell s @ 75| o F
ol® $Ed = F=& D-Glucose(2): D-mannose(2):
D-glucuronic acid(1)2 F4 5 t}rlgo] LS 71 A&
¥R A 1-4-8-D glucose 7ol R7tz|2 37 o]
Ao glov e Exofi & HAAE Bo|a &
%, pH, 9ol A% 49 =7t AA 19603 +-
B AdAez el o g=slm Yo, o}F xanthan
gum 49} ol Ho} HAIE YHAdsh vl 4
(nonthixotropic) 8<io| =] kA )|, F-31A), HeA,
AN2FAA 2N 75z Qs FH4RS] 60%7)
AFAol] de] o) 85 n glom ¥ freeze-thaw <t
AL 7 ek HEARRFo 2 AE2E It
2 A, A-Aezta, AlGol Algsle] Lol 4
A &34 A FUcH?,

Rhamsan gume] #al Abd ZollA vl @A, 4
245 1 o] gxr} =Y ATt Yoz AGH
A7} Habg A 2 ol-Fol AoiA T FALE
Ao 2 PR, weir] & A-Fol4£ rhamsan
gume] EAH 548 283 A FAI Bl B2 ol 8
%% 7}4 xanthan gum=}e] 2]-&2 2% vlmdted 4|
ZagiZe] 282 Wdzxt %tk Rhamsan gume
2)g2x) AL 2ALE] A F2 Soleld T5A
%.(pH 9 955 2J&4, chain stiffness, overlap pa-
ramenter) &} 53 % §) AlelolA steady shear vis-
cosity(RHEE &, A18FE ¥y, = A4F
A, 43d-} %48)F cone and plate type viscometer
g A8l Ax2Ye FAoca ez 4AE
xanthan gum} vl &7 3o},

II. ds ¥ 4y

LX) B

2 AgolA AHE-3 rhamsan gume alcaligenes &
Foll o# YA Reg »|F MLT (Biomaterial
Lab)ol| A 23k ov] xanthomonas campestris &
ol e8] P4H% xanthan gume {5371 EU (KA.
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LS.T) oAl A3 ¥sket,

Alge] A

Alg9) Az 342 rhamsan gums} xanthan
gum$ FHoll 8l n(1g/d) Aeolld IRF
ot AojEF 2 £fo] 0.2N-NaOHE ~}sl pHE&
12~1302 2§ oA HAF3Ud, A2 A g3
v B84 58 AA3N7] A8 1500 rpmell 4 3034
7r (4 2 o $2E5E AA RS 4E AA
¥ FAARAA 42 A2E vlAjFlol el Yo 2
B3 ek

2. Al B =X

Rhamsan gnm3} xanthan gum-$ 1g/dle] stcok
solution & 2 ulFo] AL&39dc}, steady shear vis-
cosity &74-8-2 pH72 0.25~1.00g/dl®] 552 ut-&
peiad

3. Af3s &4

ZHAE E4% YU calibrated Cannon Fenske
capillary viscometer (size 50, Cannon Insthument,
State College Pa)y§ 283l 25CoilA &A%+,
25C¥F $A4)7]7] 8 circulating heater”} H2rg)
geq-zol A 2087 X ¥ A=§ A3t

4. DHEE2 pH N HEE o|EY

pHYEAE $4%7 8 pH2~11 HlolM 2%
FxE 34sied, dvededs 34350 99
0~1 MKC] ¥8jol4 2/AEE FAY3I), & 49
o A% rhamsan gumg FE€ AAA X (rela-
tive viscosity) 7} 1.1~1.5 H£<] 0.005~0.025g/dl
o= xanthan gum¢] F%+ 0.0025~0.015g/dl°|$]
t}, flowing time® 100~300sec A, T HHE
£ 29 Huggins ¥4l o 258 94ldel o8 413
B T,

Z, hsp/C=[h]+k'[h]*C -

oy 714} hgp =specific viscosity

- -8-%91 %s. 1
= T
C=rhamsan gum 3} xanthan gum$]

F={g/dl]
(h]=2/H=[dl/g]

K'=4+
5. Chain stiffness %%

Chain stiffnesse= ch-§-2§ smidsrods} Haug 34
o] o8l A4ksie =,
(7]=As+Bl233-3 Cs 172 ~@)
7] A A= )2}4"‘
B=Chain stiffness parameter

[(7]o.=0.1M KClo| 4 1A=
Ci=d¥x

6. Overlap parameter

Overlap parameter+ C[ 5] o]t}
o714 C=%%
[7]=2%H=

7. Steady shear viscosity %%

A <345 (Shear rate) 9| &4
A4s FAE FA317) 93l A=+ Brook-
field digital viscometer§ A}8-¥led 1~200sec™12} A
HEE WolA FAHL Alue AEE AGEE
F 37t e ZAAAA M FAP e E AYo Al
4% AlE€ pH7¢ A &%= 0.5g/dlo|a ojuf} 25
€ 25°C2 3o B3R e AdkE e d ol43
of HxhEH-& zero shear rate® 2£J4lsld curve fit-
ting o 24 FA43lor] 5322 Power law ¥}
A Aol o} ) A AbsE e,
t=Y+bys —(3)
o 7] 4 t=A-§ (shear stress)
y=H << 5 (shear rate)
b=A=x% x4 (consistency index)
s=-%%*|4-(flow behavior index)
Y =#3%-8% (yield stress) o]=}

8. ARELE 2|EY

Steady shear viscosityell tH3l A& ¥s TS
2437 93lod pH?, A&%% 0.25g/dl, 0.5g/dlL,
0.75g/dl, 1.00g/dl9] &-4-g atEo] ARIIAEE &
A&}, old 2EE 25°CRR AMSEE HHE
1~200sec™' & 3}l e},
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9. 25 2|&Y

E Ayl A% AlE¥ pH?, Al2¥E 0.5g/dl2
ex WelE 15C~65CE 578 10°CE gislon, &
i WelE 1~200sec' 2 Blo] P AEE &F
it

10. ¥t Yot

Urea, 17}942] KCl, NaCla} 27}edql CaCl,, MgCl,
g AEEE 0.5g/dlo] F713te] AN HEE FAH3
Qon o) FEEE 0~0.2 Mol

m. A % 2@
1. IRdEE

28AE([7))E AT EAY Yular|sh 2o ¥
Ape}, fol-t}d-F 4238, chain stiffness, overlap
parametero] & ABE AFsu, FL EhelA A
Al chedFalzt AR hydrodynamic volumeo]
o zHARE diAed] QT BA S 7
24 Aoz #& B4oH A5 dl/g (100ml/
g 912 Jehdd,

95" Coll 4 Cannon-Fenske capillary viscometer
(size 50}% AH&-3le} pH ¥4 2~113% 4¥E 0M~1
MEKCIol 4 rhamsan gum} xanthan gum$} 2H3 =
5 (Dol o8 At on 1 kg table lof et
ek

Rhamsan gum®] 2-#35€ pH ¥ gy o o
8.20~36.2dl/g9) #-& vehiglen xanthan gums)
T4AEE 8.19~44dl/gd FE ebdgich A
o2 PH2~1104 o9 712 2$-A=e] e 4L
Aaom 5 i AP pH2MA 7H R
i pH7AA 743 E3kh

2. IfEEe| pH AEY

pHE 2~11& 3} rhamsan gum3} xanthan gum
o 4= E 4% A=, pH7Y # xanthan gume|
rhamsan gum 2} A E7 Eke Aoyt ¢
gl A LFYES} A4 Ped, ol i 4
Bt e A g Aol o),

Rhamsan gume] 7% pH7oA 714 £ b8 et

g3z A2

Table 1. Intrinsic viscosity of rhamsan.and xanthan gum
at different pH and salt concentrations

PH M—KCO - R(h:’n}san of )[(a”ntlhan
2 0.00 9.02 8.19
0.01 8.30 8.50
0.03 8.20 8.62
0.05 8.41 8.77
0.07 8.76 9,22
0.10 9.02 10,89
0.16 8.64 10.65
0.20 9.32 10.74
1.00 9.30 11.07
4 0.00 26.30 21.20
0.01 25.50 13.62
0.03 24.32 13.12
0,05 24.64 12.96
0.07 24.70 12.85
0.10 24,53 12,96
0.16 24.89 12.77
0.20 26.71 12.74
1.00 28.63 14.09
7 0.00 36.20 44.00
0.01 20.51 16.31
0.03 21.02 17.00
0.05 21.22 16.43
0.07 22.46 15.91
0.10 22.55 17.19
0.16 24.08 15.56
0.20 23.32 14.80
1.00 24.03 14.72
9 0.00 29.44 26.48
0.01 27.70 15.63
0.03 28.52 16,12
0.05 26.97 16.87
0.07 27.57 16.87
0.10 27.65 16,92
0.16 28.43 16.92
0.20 28.44 16.12
1.00 19.87 16.62
11 0.00 29.24 17.63
0.01 27.50 15.95
0.03 2513 16.20
0.05 24.08 16.40
0.07 23.30 16.02
0.10 25.40 15.28
0.16 25.74 15.19
0.20 23.11 14.76
1.00 26.16 15.58
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Wen gl RollAe A9 vl 3 29l 4
Aol AYs{ 2= T o 29k, xanthan
gum pH7oHA 713 ¥ & Holxgt dxe|4e]
Bgs-& 2HBES RLBg o] AAYREs R
rhamsan gum3} Ze] 53 & I 2¥ed, ole
xanthan gum$] 73-¢ ZA7lAo] A Y mannosei
glucuronic acid’} A¥sle] U WA =7 el
Pyruvic acid7} 2 gt=le} 917 wEelel ¥ 4 ok
Z, Pyruvic acid®] Pka¥ 3022 ojuc} e pHoll
M o] 227} o] YAl ¥ Aelo]7] adEe)ztn 4
zZ+gicH”, Rhamsan gum 4 A] &-0]29] HEz§2}o]
=2 pH2o| M+ o] &7} dolgx] g2 dejolnz n
$AH2s R ol Y= e g ez
AZxo, wetA rhamsan gum® xanthan gumsj
pHell ti§ < 8-¢ rhamsan gumeo| xanthan gum ¥ ¢}
R4 HAdo] & e Jrhitel

3 LfEES dEs Sy

KCl& AH-3td 5= § 0~1 M2 H3A#A rham-
san gum3} xanthan gums] H¥E YE4E AHE
734+ Fig. 13 At} Rhamsan gum3} xanthan gum

ol fA=E pH7A KCHE 71844 ebshédd #7

36 9 44di/gelglent, 0.01 MKCIQwi 21 % 16d1/
g2 9Alol ol A At M4 ez KCE A7}

80

< Rhamsan
<+ Xantham

intrinsic Viscosity, di/g

0 v v ' v
0.00 0.04 0,08 0.127 0.6 0.20

M-KCI
Fig. 1. Salt dependence for intrinsic viscosity of rham-
san and xanthan gum at pH 7 and 25°C

AlH IMAR 2 F7HAASE A v /AR B
et o] ¥+ AFn¥aE 0.01 M-KCl 35 ol4oll A&
o]&&°] olv] As](shield)  Aweicl=z Wist giv
Aoz Azyc 0~1Mol ¥ rhamsan gum3}
xanthan gume pH7ol4 Q¥ =ol o kAL
rhamsan gume] xanthan ¥.c} v} <14 shsict,

4. Chain stiffness

3#9 chain stiffnesst THHE 24 A4S
o= A(2)e] s3] F rhamsan gume| chain
stiffness parameter B¥= 0.016013ch, 229 4§32
¥-2}§ 9] chain stiffness paramenter B¥ tabel 2¢i]

Pty

Table 2. Comparison of chain stiffness parameter, B of
rhamsan-gum to the published other polymers

Polymer B leircnca
Xanthan 0.005 20,
(0.04) (this study)
Zooglan 0.025 12
Rhamsan 0.016 this study
Gellan 0.033 5
Welan 0.010 6
Alginate 0.040 14
Chitosan 0.100 18
Hyaluronic acid 0.070 20
Carboxymethylcellulose 0.050 19
Carboxymethylamylose 0.200 20
Sodium Pectinate 0.040 14

Chain stiffness parameter, Bt 4§ 3142} &7 2]
stiffness =& eplin] 2% 0.005~0.24 A= ¥
¥ 22 devl 4o Bdtdt ol (rigid rods) 2<%
4=l 0.0059] Ih¢ et e CCEA% 2 o
7} A A (polyelectrolytes) & 0.24¥x0|c}, chain
stiffness parameter B7} zod 44§ W2y 2l
2ofo] 3 {H €7} 24k charge At FAT-A 9}
€ TRy,

a}ejs] £ o4 rhamsan gume] chain stiffness
parameter B+ 0.016.2-%. xanthan gum¢] 0.04%.c}
2ng 9 gy gjegols] 1FAHE7l xanthan
gum 2o} 22 R L o]} 3 UX W Aol
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5. Overlap parameter

Overlap parameter (C[7])oll A& ¥ H =(ysp) &
Fez =AY @ Yehhe FHYo] F& 43 ¥
33 $Ae FRRE YAFE(CY ol (Fig. 2), &
£ ojAol ¥ rhamsan gum3} xanthan gumo]
overlap 5|3 chain ¥-2|3&0] Ydojuyn] oluf =+
A& AAsed F2 qEE Pp

FES7tol whE P Frt Aol on Fxol 2
et el olw 9] =& dAlF el 3 o] AER
M =R cFolvt A7 A AH = PAR,

Rhamsan gum-2 C[7]=0.905 °]4}oll4 A2 7)
£71%& 1.63°l2 v =& 0.84°1%12en] C[7]<0.905
oA 71€717} 0.91°]9ir}, Rhamsan gum-2 0.025
g/dloj 2 xanthan gum< 0.022g/dl’} QJAFE 24
xanthan gume] rhamsan gum ¥.o} tf H-& o] 4]
entanglement”} A1 2 "€ & 4 UKk

6. Steady shear viscosity

1) e iy

AkdE 9] &4 Brookfield digital viscometer®.
FEY Sdo i Ay AA=E St AL
45 &AL 1 ofAlol EAlFe AELEAY T2
5A4& et

Rhamsan gum® xanthan gum® pH7, 0.5g/dl,
25°Coll Al A&7} F7goll wte} A7) A=7} 2A
7}4 8= shear thinning 48 Wb, F &
BAe g A soM e ARy ALt F435 A4
ot AxkEEr} Fold4E ARy Aes A3
et

Rhamsan gum# xanthan gum®] 55§ 77 0.25
g/dl, 0.5g/dl, 0.75 % 1g/dIZ slo] Ak&xol Y
A e Fed o A Ra Fxt a6
w2} o §3he AR E Aas

2) NREE o|&Y

Rhamsan gum 3 xanthan gum ¢ ¥ = & 0.25
0.5 0.75 % 1g/dlg 3l Fxol i JE4E A5
B3keh(Fig. 3, 4). #& A4-%ol4 rhamsan gums}
xanthan gum ¥< A 2§ 1g/dlolA 713 &
Ae7) AEE pPew ARFEs} SopAFF A1)
A5 & gt Y ALt Sl et

Pz ==

1.0

0.5 1

0.0 -

log #sp

—0.5

1.0

/ slop = 0.91 !

-1 5§+

1.5 -1.0 —~0.5 0.0 0.5
luge. (7]

Fig. 2. Double logarithmic plot of zero-shear rate spe-
cific viscosity against coil overlap parameter of
rhamsan gum

1.8

1.6

-—d

.

~N
X

5
|

"y

/ o 8.25 g/di
1o THRvd
< 1.00g/dI
0.0 . M T v L A— T v
0 50 100 150 200 250

Shear rate, sec™*

Fig. 3. shear stree versus shear rate of Rhamsan gum at
25°C and pH 7
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2.00
1,754
g 1507
S
[
™
® 1.254
i
&
[~
g 1.00
0.751 f/b/o:zs g/dt
-+ 0.50 g/dl
- 0.75 g/di
< 1.00 g/di
0.50 ———r v
0 10 20 30 40 50
Shear rate, sec”!

Fig. 4. shear stress versus shear rate of Xanthan gum at
25'Cand pH 7

F=7ts) A8 Aratole s,

5ol g A (Y), J2=X4(b), F5A4¢
(s)¥ power law WA ol 2|8 4§ 332 ] table 3
o viehigict, ¥AHES] A As, Y25
4, &8-3-3ol] 7)d3levl| overlap parameter A £+
A BgEe} Ao} 2 EYCE, YA e F2 ¥
Aol dedol, f-3lole YR vieplA] ot 2
£2x AYolAe dAle FA4E Yebdc &, $RZ
32 723 Yujoll g8 dojve FAYAES] €8
# 9] 937) (entanglment) 3} Fx}7ke) AxAEol o
Yojube AR Yol 7QlEhe AR FA, dripo]
U 389 gAY 5L ¢l shed T3P0

Rhamsan gume 57} 0.25g/dlelA 1g/dlE 5
74gtol| wle} ¥ YL FoFARL FEX T A3}
%dzh olAe ¥57} F7H¥ol o} rhamsan gume]
F A7l A3 &40l F7}8le] shearing® ¥DAIT L
2. g8-g8o] FrislE Aol el AxE Ayt
o g)&a ¥yt vt 4% FFAF )€ A4y
L2 A

3) 2= o|EY

15°Coll A 65°C7tx] 10°'CE 7422 3 rhamsan

Table 3. Concentration dependence of yield stress (Y),
concistency index (b) and shear index (S) for

rhamsan gum
Concentration Y b s (=)
(wan) {Pa) {Pa sec™)
0.25 1.01 0.26 0.66
0.50 1.10 0.34 0.51
0.75 1.29 0.62 0.49
1.00 1.47 0.85 0.46

o Rhamsan
-+ Xanthan

Apparent Viscasity, Pa. s
W

L T v T T ) §

10 20 30 40 50 60 ) 70

Temperature (*C)

Fig. 5. Temperature dependence for apparent viecosity
of 0.5 g/dl rhamsan and xanthan gum solutions
at 20 sec™!?

gum?} xanthan gume| Fw7] YE§F Yoy
0|2 3}§ Fig. 3ol vehligic}, ditH oz QF 4§
€ 227} 3845 A 17 A=} 3phs A o]l
rhamsan gum¥ 55°C7Al& A7 A7} A9 W
32 ggkovt 55CollA] 65°CE SE7t A4EI9E o
Ru7] AEv F43 34 i xanthan gume &
sEapol B Aur) A F4aFe 2A %okt Paul
59¢ rhamsan gume £57} F7l3ldd s A7) Ax
7b 4335} 90°Cot Sl FA 3 @e) Y=o} Fof
Atk 2 Aat & AFoAME 55°CollAl FAY
A3 A=Y a7} Gelgted o]’ itole Pauld®
o4 KCl, & dFoll4 HClEo 2 A4 £rjadlx o
4 FEe] glewe A2,

4) o WOl Y

Rhamsan gum3} xanthan gume] 437} 4 ¥& 4
237 st 171dq) KCl, NaCl, 27Fd <) MgCl,
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98 o)Al Rul % - T4

750

o KCi
« NaCl
-

- MgCl’,

700} + Urea

650+

Apparent Viscosity, Pa. S (10°)

600+——1T— —————
000 005 0,10 0.15 020 0.25
Salt Concentration, Mol

Fig. 6. Effects of salt concentration on apparent viscos-
ity of Rhamsan gum solution at 200 sec™’

1.9
- 174
¢
-
&
Z
k]
g
>
T
g
a
a
<
0.5 T
0,00 005 0.0 0,15 020 0.25
Salt Mol

Fig. 7. Effects salt of concentration on apparent viscos-
ity of Xanthan gum solution at 100 sec™?

CaCl, ¥ Ureaol tHdt A= o WshE zA3lsicth
Rhamsan gum$& &557h 371 #he} 2xr) 3
=71 0.1 MEEARE 7t F7hsigdch 1749 KCL
NaClo| 27+l MgCl,, CaCl, ¥.ch R K7 A=t A
o] 728 dolzke K7} Nawrh Ca’t Mgyt 2y
7 AE 7} o7k wokeh, ureay £4AFE At %

bl SR

22 713 Ao dA ded dFxert Fobd o
2} i A7 Axrt FobEeAt & A% FAY
gtr}, Xanthan gume) 0.01 Mell 4 QA7 d8ke
Aoz 2 E Qe Bur] Axr} 42 Fohd e
2 ol A FxollAE bt A it

v. 8 o

Alcaligenes% 2 2 %8| AL} rhamsan gum3} xan-
thomonas campestris2. ¥ A4t%l xanthan gum2]|
glgzx BA4€ vl dFsigien 2 Ade oS3
7+t}, rhamsan gume] T-HFH =€ 8.20~36.20d1/g2]
¢ vehgen xanthan gume 8.19~44dl/g 3%
& Jelyn 5 48n¥a 2% a4y EE pH7AA
7}4 &9ker] rhamsan gume Wzej4 FellA vl
A 1A 8tglc}h. rhamsan gum?} xanthan gume 45
%ol dsled atA#sd.or] rhamsan gume| Xanthan
gum Y.t} v} Q1A#gich rhamsan gum$) chain stiff-

-nesst 0.016°191e.rd, rhamsan gum C{»]=0.905

o)A psp=0.84°1Ack, F& &hollA psp~C** o]
olaL R SofelAE gsp~Cre|RX et %47 (entan-
glcment) o) A1 &=+ A5 = (C*) k2 xanthan gum
o] A$-¥E 0.022g/dlel2lel. rhamsan gum3} Xanth-
ang AHEEr} bl wet Arrl Axs} zhas)
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17}sde) 27k it o7t 2 Ureat 0.01~0.2M ¥
oA 44A%E s3de A7 4% AATH
xanthan gume 0.01 MellX & 59 F¥7 A=
7} 97} Frbabgl ot 2 ol4ke] FEolME W3t A
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