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Glucomannan(G.M.)-& Amorphophallus Konjac C. Koch®] tuber2%E £&]E)1, o] GM.-& t}A] AAAE
et ARSte 4dAE EECHEL, F2, F3, F4) 7 FEEES F=d dizte #AHEE 2139
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Low shear viscometer2 G.M. £-99] viscosity S %7 5933 F= 9} zero shear specific viscosity2] logarithm-&
A% Z3} inflection pointE JeERSITh o] GM. EAH59 coil overlap2] A]&}ellA] 7]Q&F AHolx &H&

LQox] 27 fH ool HolgEe AlEr C*= /[n]cﬂ]/ﬂ doJ i o]u <] zero shear specific viscosity=
102 vreblidch =3 specific viscositys F2 2o diajAl CHEH Walsldan 218 Lo CHRog
Hastodck GM.S mAAe digk $4AE, )3 FRAC, CHAFES FAdL Lo iE 1500 &
=l AH 4dAZ filmS A2A71HA 10 Hzoll 4 ZA 590k GM. filme] §3435 Aurad el sj42ro(,
C"), —100C |4 peak® e} ©] peakE hydroxy methyl7] 5] 3|4 $Eoil4 A Fo|ct AFA7]A
22 Al GM. filme] §3147 Ao &pREe 5L —50T o4 & F-x}2] 2% 2)aled 7] peakS
2ok

Abstract— Glucomannan, isolated from the tuber of Amorphophallus Konjac C. Koch, was washed by methanol
and was fractionated into four fractions using methanol as a precipitant. Intrinsic viscosity was determined
by Ubbelohde viscometer. The fraction of higher molecular weight showed a deviation from linerity in the
plot of reduced viscosity against concentration with comparison to the fraction of lower molecular weight. The
viscosity of glucomannan solution was observed by a low shear viscometer. The plot of the logarithm of the
zero shear specific viscosity against the logarithm of the concentration of the glucomannan solution showed
an inflection point. It was attributed to the commencement of the coil overlap of glucomannan molecules. The
transition from dilute to concentrated solution behaviour occured at a critical concentration C*=4/[n], which
corresponds to zero shear specific viscosity (ns,)=10. g, varied as C'* for dilute solutions as C3? for concentrated
solutions. Dielectric and viscoelastic coefficients were observed at 10 Hz from the liquid nitrogen temperature
to 150C for glucomannan in solid state. The imaginary part of dielectric (¢”) and viscoelastic (C") properties
of glucomannan showed a peak at —100C and this peak was caused by rotational motion of hydroxymethyl
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groups. The values of ¢ and C” for humid glucomannan film showed a peak at —50C and this peak was
attributed to the commencement of molecular motion of frozen bound water molecule.

Keywords: glucomannan, intrinsic viscosity, zero shear specific viscosity, coil overlap, fractionation, shear rate,

shear stress, film, dielectric constant, viscoelastic constant
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Fig. 1. Chemical structure of glucomannan.
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2.1. AR

2.1.1. Konjac glucomannan flour] H|=

Sample2+ dE 3|ZA|afollA] $=3= Amor-
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=& 93 2M-KSCNell 59l §F ¥ 2X|qkibo] 9]
HEHA @ W7 FHA7Z $2 x4
ZAZAA WA A P AAE 2] 4 A 8F
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2.2. 77|

Piezotron(Toyo Seiki Seisakusho, Ltd.)
Freeze-dryer RL-1000 (Kyowa Shinku Co.)
Ubbelohde viscometer

Low shear rate viscometer
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Fig.2. Film sample and rectangular coordinates for

piezoelectric measurements. The film is
drawn along the z axis and the strain is
applied along the z axis; E, Electrode; ¢, the
angle between the z axis and the z axis (fixed
as n/4 in the work).

Centrifuge(Sorvall RC-5B Refrigerated Centri-
fuge, Du Pont Instruments)
Vacuum evaporator(JEE-4X No, IEE4X-1)

2.3. ghy

2.3.1. Intrinsic viscosity &£X

7t fraction® 2 solvent(Distilled Water, 4M-
Urea)dll ™2} 0.025%-0.1% £% 444 Ubbelo-
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FEZE Fasisith

2.3.2. Low shear viscometerol| 2|8t zero shear
specific viscosity &

7z} fraction(F2, F3, F4, Un.F) Sampleg 0.03~
0.07% solution . 2. A 23} coaxial cylindero 4] 5
rpm(5.5 sec™?) shear rated]| WE: shear stress=
T-8t] zero shear specific viscosity S = s}ec),
olwf F1-& & shear rated]A] WS Jol44
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2.3.3. Piezotron &H

Glucomannan powders ol Fo]i wet&Z
AZAAZG. 2 F ] Eell ol TeflonA|
AFZol 4] 100 yum (2 mmX 20 mm)<] filmS wH
St A=A EAL 10 HzollA A5 AgHog
g3t 7 filme zhz 100T, 120C, 140T, 160C
oA 408 E<t 719 A=xX|FHr} Dielectric cons-
tante= filme] <dell goldE AF ZFFA|A dA
Az —180C ~150C Apol2 ZAsbe] A3
3 viscoelastic constant® 72 F 7oA &A%
t}. Film sample¥} rectangular coordinates”} Fig. 2
of veht sk

3. #x % 1

3.1. Fraction &Ejjod| w2+ glucomannang] in-
trinsic viscosity

Ubbelohde viscometer3 ©]%-3}e 7} fraction'd
2 solvent(Distilled Water, Urea)e| @&} 100 mi/
gdlA] intrinsic viscosityZtE< A3 A= 7

o 0.025 0.05 0.075 0.1
Conc. (g/100ml)

Fig. 3. The plot of 1,/C of Glucomannan with distil-
led water solvent.

A7) n,/Conc.8} 5 Abele] A ZRE Fig 3,
Fig. 4ol “}elidct. Intrinsic viscositys zero %
E71x] 9Jalete] g9l S EAleEe] fractiond
o Bzieke) fractiondl] ¥]dt ETol 3t redu-
ced viscosity?] EAJejA] Ao BZHE HoGg
34k Table 194 ureas} £/ 4ullo]A9] int-
rinsic viscosityZtE-& ¥ 2 A3} urea’} o] ¥
el peptizeryd S & 5 UL o]+ Maekagi[ 13]
7 AR Aot dXsHch A4 A5 e |
$17} 104 Y+ 722 Bo} glucomannan?] H-A}ef
TERNT HE A F

3¢ 4 Ak

3.2. X0 WE zero shear specific viscosity

0 0.025 0.05 0.075 0.1
Conc. { g/100mt )

Fig. 4. The plot of 1,,/C of Glucomannan with urea
solvent.

Table 1. Intrinsic viscosity of Glucomannan
(100 mi/g)

Fraction F1 F2 F3 F4

195 186 140 6.5 (solvent: D.W.)

Intrinsic
viscosity

232 208 166 8.0 (solvent: Urea)
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UnF, F2, F3, F4¢] solution® low shear visco-
meter 2 shear rateol] @2 shear stress 787
23 t=n-yoll dHYsAMme=n—n/n)E T3
o}, o) Z%E ny/Cs Coll W& EAF Fig 50 t
ehlgl e 2)4bste] intrinsic viscosityE T-3H] ub-
belohde viscometer® =A% & wlug A
o] §Absle] A A fractionation HAe] A
H3eS el & Utk

Fig. 6& random coil glucomannan -§-<fell cht
zero shear specific viscosity?] ¥% 9&& viet
Wik log Coll tH&k logne] EA]+= specific critical
concentration(C*) $lol| A& 71&7]¢l sle] A&
Z71% 1qck o]h fAlRE n,d BEFL oE L
Bl SAEd Az 2 odelx Qi o] AAL
7 pEAEel PH coll2H EAlEE FE &
Abeloll A, 7z} chain®] % hydrodynamic volume®]
2 249 volumed ‘g 2 §Ho 2] Aol
71918k}, & C*& coil overlaps}t 52| A13H&
Jehdicky Be ol Az F& v WY

] H3 glem, Fae glejA] o] AAL F
23 2710] =3 9lr} Fig 7oA B.Ql s} 7o)

‘..

F2 () = 3.2
2 () =134
un.F (q) =130
.
Fa (Q) x 6.1

o

c. (%)

Fig. 5. 1,,/C versus C of Glucomannan with distilled
water solvent by Low shear viscometer.
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7730l
® F3
O f3
A UnF
A Fa
A0fF
20
.
°
°
M
1.0
ol
.t 1 ] [l ]
1.8 -1.0 -0.8 0
Log C

Fig. 6. Concentration dependence of zero shear spe-
cific viscosity (ns,) for each fraction Glucoman-
nan.

slop=3.0

C-(Mlad
siop=t .4 ’1

i
-0.8 L .8 1.0

Fig. 7. Variation in the zero shear specific viscosity
of unfractioned Glucomannan solution with
the degree of occupancy of space by the poly-
mer coils (characterised by the coil-overlap
parameter C-[n]).
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C* transition& C-[n19] 3te) 4ell A3k HellA
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polymer meltsell 4] 233 n,0] Mwtel| oz} =
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concentrated solution 1,7 n(CX[n1)%%/10
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o] Al=-& Fig 79} AAAE: 2HE {2593 Mor-

risA)[22]7} dx3-& Lot

3.3. Glucomannan filme] {&Mn HE M3

Nishinari[23-26] 5-& t}3-+F2] 7x9} 432
FAE Lol $isle] T2 d9i7} T3t A
okle] t}Z amylose, pullulan, dextranel] os}e]
A Aol 9leiAMe] Hab 55 FS3Th &
AF-eAe olF AT dFe g T2 9t ohE
glucomannan film Aol leixe}l E4E& dolr
gt glucomannan A]&+= gas chromatography
B0 2 mannose?} glucose?] BlEo] 63: 374%
ok MAS-NMR$] A3} acetyl”]= A9 &3}
A d5s 4 F Uk

444 232 1.0cmX2.0cm filme] FH =
ZAg zd o] 10Hz9] A& Fo 55 #4
S It AR 3ALE A4 <k 100
umZ A x2%F 015cmX18cm filmel wisle] 10
HzollA A& AFel o3t C*=C'+iC™E
g 2 AEE thiel deblsich

t 1
a) £¥=1130X—X—(Vg—1iV)
a A

a: area, t . thickness, A . gain
Vi . Real Value, V,: Ideal Value
1.82X10° L a

1
b) C*= X —— X —= X —(Vg—iV,
) O = X0 txw AV

t . thickness, L . length, w . width, A : gain

04 -

0.2 -

-200 ~150 ~100 -50 o 50 100
Temperature (°C)

Fig. 8. Temperature dependence of dielectric cons-
tant of G.M. film of various moisture levels.

— heated at 100C for 40 min

--- heated at 120C for 40 min

--- heated at 140C for 40 min

- heated at 160C for 40 min

or . stress value(50), aa; : strain value(2)

Fig. 8ol4 AL 100C oA AFA]Z) A8+
—50C ¥-ZollA & "9 peakE etz =
so] bl oo} —50C 29 peaks AL —
100C H-29 peakt AT} 50T o]AkeA] "7}
w484 Sk AL o8 EA HaAe A3
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lan, dextran 59 7Z$-9} o] EEAY %54
Zle g AZEr) Real part®] FAA(E)E A
o] A ¥ AeAE Ax xel 2t}
8¢ X st} o] HITAH F¥I) AxZ
oA e 3ol Aol FA%st =g Jeh)
A 9ltk Glucomannan®] Aezl-& oF 220]3 glu-
coseTr 2 ¥ t}dH(amylose 3.0, pullulan 1.4, de-
xtran 0.83)%} H]&le] amylose Rt} 2|9t pullu-
lan, dextran®.t} t}i £ Flolth o] A]E+= ace-
tyl7] & EF3IR] ¢oBmE Ae®] A7) F7 hyd-
roxymethyl7] 8] 3]H-g-Fol 7|lshs Aoz A7
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o
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Hr}l. = glucomannan® Aex 1,6 28-S 37| ¢
8lo] hydroxymethyl”]7} Z-& pullulane]t} dext-
ranell ®v]3le] =A elydrl Two-site transition
theoryoll wWel FAMIZE Aerx e (FHFFY
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k . Boltzmann Ars¢
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Temperature {°C)

Fig. 9. Temperature dependence of viscoelastic con-

stant of G.M. film of various moisture levels.

— not dried

-+~ heated at 100T

--- heated at 120T
- heated at 140

-+- heated at 160C

for 40 min
for 40 min
for 40 min
for 40 min

o
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o
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4.1. Fraction0]| MZE+ intrinsic viscosity

Ubbelohde viscometer® A3t ik HAEE
Fxol t3te] £ A]8ted 22 intrinsic viscosityz-&
19.5(F1), 18.6(F2), 14.0(F3), 6.5(F4), in distilled
23.2(F1), 20.8(F2), 16.6(F3), 8.0(F4)
aqueous urea solution®} T ¢} 2HE} urea’} ©
544l peptizerd & & 7 UTh LB Y
27 108 Y+ 222 Hol glucomannan®] &
A BEASIL 48 L ¢ 4+ Usdek

water, in

4.2. 352} zero shear specific viscosity ZHA|

Low shear viscometer® &-3]3}e] 93 intrinsic
viscosityZt-2 ubbelohde viscometer® 2% %}h %}:‘4
ul-g- fabste] AA @ EFaAe] HAsige
o9kl zero shear specific viscosity<} 1"—52}4
AN B o 1iA SA57 FAR 3
5§ X specific critical conc.(C*) Yol 7]



Glucomannan®] -§#3tx Azl #3F o+ 169

271 el AT FrE el F Cr=
coil overlap®} 59 A1=H& el zero shear
specific viscosity$} coil overlap parametersdl C-
[nlete] FAANA Cr= C-[nle Ftel 4o 778
Aol A dolutil coil overlap?] dilute &HoljA]E=
71717} 1.4°]9 3 concentrated §-<ollA] 3.02.%

Z7}steich

4.3. Glucomanan filme| XMz} MM MA|

FHA Aol A] 9] —50C H-Z2] peak= amy-
lose, pullulan, dextran®] 73-$-¢} o] E-XHx}2] &
T Aoz ARFHI FA8 Fre Ae=222
amylose2tl= #X]w} pullulan, dextran®r} thi
2 FA°l Aed] Z7)E FE hydroxymethyl”) 2]
Aol 7] AR A ek =
AA C= 44 E4oAe} ol —50C R
o4 & peakE EMNI ©] peakt HFHo|
we} 7ZAaskgal —100C o4 hydroxyme-
thyl7] 9] 3325 u}23= peak”} viebdc) C'2
TAE @2 ERAME FEo] B Fo| A
vehiA)ut o] R-e awfe] BEALe] EAjd we}
AARTZz7} AT W feo|dh aehd o 20T
olxte] g w2 A z%] Fo] HR|A H ojrr}
Ao A= EL plasticizerZ4] 28314 )
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