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GM(Glucomannan) Amorphophallus Konjac K. Koch9] tubere] FAHE 0.2 d7te] A E A7l wal R oz ket
gel e AT GMol] ARAAZ vgLS A3l 482 BEsln, 2t REE(F.], F2, F.3, F4)5-2 Mark-Houwinks| 2 ©]
£35lo] BEREL AM239T) Ubbelohde & o] 88 T5of] M2t 2R 18 AR 78 2% Exg] z& ¥
Bo] Brleko] B HulZo) Hlald Ao HE Wojde & & Ath £ aHHAEE Exjo] ZUHEFE FUHARL
B2k B ¥ 97} broaddlA VEbdth GMEA 9] frequency$} shear ratedl] WHEE viscosity S &% 3 A7} 22 frequencyol A
& Joss modulus(G")7} storage modulus(GYE.TH & gt 7 o £ & frequencyol ME G7} G'Eet ZA Ut o] @42 &
A5 Ado] T3 A7 EERM AHE 5 Yot & B2 frequencyol ME B4 ARz A Eo] RF VI W A 27
o] oA 7|0l B A1 2kx] Ealo] O 2Ao] wAl ZFE & gelAH AFIA H 1, U 22 frequencyl M B Ale
So] 93lo] Zalu a0 $EI AZHS Z2A| Fcth. Shear rateo] W2 viscositygkd} frequencyoll thEt dynamic viscosity gt

79l fARY W3S GERpTt.

Abstract— Glucomannan (GM) is a main component of the tuber of Amorphophallus Konjac K. Koch and forms a ther-
mally stable gel upon addition of an alkaline coagulant. GM was fractionated into four fractions using methanol as a pre-
cipitant. Molecular weight of each GM fraction was calculated with Mark-Houwink relationship. Intrinsic viscosity was de-
termined by Ubbelohde viscometer. The fraction of higher molecular weight showed a deviation from linearity in the plot of
reduced viscosity against concentration with comparison to the fraction of lower molcular weight. Intrinsic viscosity increased
with increasing molcular weight of GM and the molcular weight distribution was not narrow. The frequency dependence of
shear modulus showed G" (loss modulus) was higher than G' (storage modulus) at low frequencies of oscillation, by contrast
G' predominated over G" at higher frequencies. This behaviour reflected the timescale of molecular entanglement. At higher
frequencies where interchain entanglements did not have sufficient time to apart within the period of oscillation, the network
behaved like a crosslinked gel, while at lower frequencies the chains did have sufficient time to disentangle and flow. The
viscosity dependence on the shear rate and the dynamic viscosity with frequency were closely superimposable.

Keywords: Mark-Houwink relationship, Intrinsic viscosity, Storage modulus, Loss modulus, dynamic viscosity.
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2.1.1. Konjac glucomannan flour
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ulus), N*(dynamic viscosity)Z 2735191t}
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Fig. 1. The plot of 1n,/C of Glucomannan with Distilled water sol-
vent.
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Fig. 2. The plot of n,,/C of Glucomanan with Urea solvent.
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Table 1. Intrinsic viscosity, Molecular Weight of GM
(solvent : D.W.)

sample [n] (100 ml/g) M.W. (g/mol)
F1 19.5 1.15x10°
F2 18.6 1.08% 10°
F3 14.0 7.46% 10°
F4 6.5 2.62X 10°
Un.F 13.8 7.25% 10°

Table 2. Intrinsic viscosity, Molecular Weight of GM

(solvent : Urea)
sample [n](100 mi/g) M.W. (g/mol)
F1 232 1.46% 10°
F2 20.8 1.26x 10°
F3 16.6 9.28% 10°
F4 8.0 3.43%x10°
Un.F 16.2 9.01x 10°

Nishinari[23]9] 2382 2%E o] cadoxen -Fujolrg]
I FAEE 1.98~3.91(100 ml/g)o]™, methyl GM<] gkl
6.5~19.5(100 mijg)ir} Bo] ZHek7 o] AWz Hojal Kgk
3.55x 10(100 ml/g)%t agk 0.69° 2 Kishidar} & grwch o
2 ZAA Vel Ealee B AA ) Z7Vgp2 2713
A, B BEE W2 Aotk

3.2. Mechanical spectroscopy of solutions by Rheotron

Z} fraction sampleS 1%5 =2 A 23l solventd & shear
rate$} frequency<l W2 2743k th. Stressol|
3 Wk-2-o] F7}x] ¥ e mechanical spectroscopy] 7]& ol 2
3tad AFH =], ek &3t elastic solid7} oscillatory shear
o ZgEriH o] HaalA] A7 stress= strain} $]/30]
x| 8}=(in phase)d $-7} A7]51 ¥H S Newtonian liquid$)
734 stress9} strainAtolo] 9ol UxEA] & (out of
phase) @/Fo] At £ AT AHEHE f¥EE o9
Table 3o} Vel AT}, Strain®} Stresse] 94 o] A =|3l= gk
o]
viscous modulus(G", loss modulus)g} 3Hc}
Q1 hydrocolloid £ 0|4 Newtonian3] E-2 ¥l w2 & shear

= viscosity &

=0

2
ol
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elastic modulus(G', storage modulus)2} 3} 9|4+
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Table 3. Rheological parameters

Parameter (units) Lateral deformation (shear)

Stress(Pa; 1 Pa = 10 dyne cm?) T

Strain (dimensionless) Y

Stress/Strain (Pa) G

Rate of strain (s”) Y

Stress/Rate of strain (Pa s) n

(Pa s =10 poise; 1 mPas = cp)

Shear modulus G=1/y

Shear viscosity n=ty
Complex modulus G*=(G"*+G"™)"”
Dynamic viscosity n*=G*/o
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Fig. 3. Viscosity curve of each fraction of 1% G.M. with D.W. at

25°C.
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Fig. 4. Viscosity curve of each fraction of 1% G.M. with Urea at
25°C.
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Fig. 5. Frequency dependence of G', G" and n* of 1%-F1, un.F, F4

G.M. with D.W. at 25°C.

4
. e
- 6’ &
. o
. :
&
£
z
3
H
g
]
$ e
2
g
2
z
£s
.
H
3
3
3
H
@
g
3
i 1 L ke
2 K] [ 1 2

Log frequency (w. rads™)

Fig. 6. Frequency dependence of G', G" and n* of 1%-F1, Un.F, F4

G.M. with Urea at 25°C.
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etz o) B4 93o] obd thE mechanism @ 25 TEE} W shear rateo| A = WE S wWalsle S0 U E
A7 Aoz, o] ol A7) polymer coils?] A FE FAH RAEFH Nae F5Rgd FolA Ha, dFEY F @l
A3lo] e/ F2E 2 slEch skatA] odobA] viscosity7b ZHAstA] @Al €Tt 5 shear
thinning @42 Wy £/t A2 APEY 3 S8
N w27 2w vehde, oln viscosity: 7HAdHAl €k
. Shear rate 9} frequencyol] T2 viscosity ZhE-2 A2 4] &
os s, :: :A e, 9o, o] 22E] glucomannan< Cox-Merz rule[24]& w2t}
Tl e e E A& ¢ U3, oI E Fig. 73 Fig. 8ol YERAAT
— - Y s
é L NN . T s o * a
o an a .
B T, Tl .28 B
g, c . X = . Ubbelohde viscometer2 243t 34t AL E Fxd| o3l
of RN TAEl e 1§ FAE FHS FI1(19.5), F2(18.6), F3(14.0),
S " F4(6.5), UnF(13.8) in distilled water; F1(23.2), F2(20.8),
. F3(16.6), F4(8.0), Un.F(16.2) in aqueous urea solution®|%} 11,
o] 2 2¥ urea’} ©] E2<l peptizerd & LUt
N B oo (o) o tes eee ey : Mark-Houwink 2]¢1 [=KM'ZHEH d& EAZF %
Log s7) 3 Log (rad s
. 15X 10°~2.62 % 1 W), 1.46x10°~
Fig. 8. Viscosity of each fraction GM according to shear rate (A) L15x10°~2.62x10° g/mol(solvent I?W)
and frequency (A) with urea at 25°C. 3.43x 10° g/mol (solvent : Urea)d S A4t 3, GMe] ¥4
Table 4. Viscosity of Glucomannan with D.W. at high shear rate
Viscosity (mPa s)
Temp. Shear rate (s”)
F1 F2 F3 F4 UnF.
1.6 x10° 27X 10° 2.4x10° 1.8x10° 12x10° 1.6x 10
15°C 3.2 x10° 1.5x 10 1.3x10° 1.1x10° 7.0x10' 1.0x 10
6.4 x10° 8.5x 10" 7.8x10 6.6x10' 4.5%x 10 6.1x 10
1.28x10° 48x10" 4.4x10' 3.6x10' 3.0x10' 3.4x 10'
1.6 x10° 22%x10° 1.8x 10° 1.4x10° 1.0x 10 1.3x10°
25°C 3.2 x 107 1.2x 10 1.0x 10 8.4% 10' 5.6% 10" 8.2x10'
6.4 x10° 6.5%x 10’ 6.2% 10' 5.4x 10" 3.6% 10" 5.1%x10'
1.28x10° 3.5% 10" 3.2x10' 2.7x10' 2.6x 10" 2.5%10'
1.6 x 10 1.9% 10 1.6X 107 1.2x10* 8.2x10' 1.1X 10
a5°C 32 x10° 1.0x 10 9.2x10' 6.9%10 4.8%10' 6.8% 10'
6.4 x10° 5.5% 10" 5.4x10' 4.7%x10' 3.1x10' 42x 10"
1.28%10° 3.0x 10 2.9%10' 23%x10' 2.0x%10' 2.3% 10"
Table 5. Viscosity of Glucomannan with Urea at high shear rate
Viscosity (mPa s)
Temp. Shear rate (s")
F1 F2 F3 F4 UnF.
1.6 x 10 3.1x10 2.8x10° 23x 10 1.5% 10 23x10
15°C 3.2 x10° 1.7x 10 1.5x10° 1.3x10° 8.4x10' 1.2x10°
6.4 x10° 9.4x10' 8.9%10' 8.0x10' 5.4x10" 7.0%10'
1.28x10° 5.3x10' 49x10' 4.2x10' 3.5% 10" 40x 10"
1.6 x10° 2.8x10 22x10° 2.1x 10 1.3x 10 2.0x10°
25°C 3.2 x 10 1.4Xx10° 1.2x 10° 1.1x10° 7.2x 10" 1.0x10°
6.4 x 10? 7.8x10' 6.9x10' 6.3% 10 45x10' 6.2x10'
1.28x10° 45x10' 42x10' 3.9x10' 3.1x10' 3.5%10'
1.6 x10° 24x10° 2.0x 107 1.8x10° 1.0x10° 1.7x10°
30°C 32 x 10 1.3x 10 1.1x 107 9.9% 10! 5.9x10' 93x%10'
6.4 x10° 7.5% 10 6.1x10' 5.5x 10" 3.9x10' 5.0x10'
1.28% 10° 42x10 3.5x10' 3.4x 10" 2.7x 10" 3.0x10'
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TEHEAHSE 5 ATk
Rheotron®. 2 2743t A7E B Z} fractiond viscosity=
<] hydrocolloid &% o]lx] ¢} Z+o] Newtonian 3 E-& H]

ks
WA G2 shear rated| ATk 27 NG, shear rate7} ol
FZ viscosity = 7+423}e] shear thinning 4 2@ o0, B
N7 £ shear rate o)A viscosity52 Ae AMAHo 7 A4
At

Frequency©l] wt2 3= dynamic viscosity 2} shear rateo] W2 =
viscosity = A9 2-& gt-& YehNAT) 3 B frequencyol
AE G'7F G Bt A4 Yehgoy, B2 frequencydl| A= G

7b G"RY} 2A e o) 2 939 A7 RE ukg
b AoBAM ®& frequencyoME Al&3te] dElo] os-

cillation 71Zhjel Bolx& Alzbe] $81%) olAl network
crosslinked gel* 3 3)%3}7] ujZo|r}.
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