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Aot} Auotel A M Aohd 7 (mucopolysaccharides) & F%319] 2l2eix 2 E54S AFsh D.LWolA Alnie}
Aefet FAGEF A=) e 22 16.1 dl/g. 25.1 dl/gel2 pH 7¢9 Hoizte Yehilz, 4& 718 o (n)7}
F23 gasteht A4 28 el om, urea $994 NaCl, MgCl, £ol B} (n)7F E3to) o Y2od &
chain stiffness® 0.050¢}1 Overlap paramerter= 4tvlel Auliv} FAGIH71 242k 0.06 g/dl. 0.04 g/dIgeh. =} 82
T3 shear rate} S/l Wt 2187) Y=rk 22891 F27k F7Hl Wt yield stresst 424 A5E 3718
3L shear index7t ZH438he 7k F-2AQ vt BAGEEE 35°C7R) 50 thalo] vlwa obAsgdA|at 1 o]4ke]
TRAAME 2RI A=rt 2438 Tastda Auvl ARG HE 250 FHESE 27 A5 dE ez 2Aasiant
2E7) AEE 171 g3 271 @ Atelel & Aozt §iln AFErt $o18el wet 217) W57} 2ot oy uread ¥
<0 257 AErb A7 sl oA Frbee A& 4 5 Aok DSCE Abvlel Ajuivl FATHEF9] “true melting”
< Z3Y%& W 27 92°C. 93°CA 1L, enthalpy® 67.06 cal/g, 75.83 cal/gth. 23lo] 229 enthalpys pH7t &7}
T2 2 & YEbIL, NaClg H7HiE W Zasict G55 Svbole 938 %) gkoen, Ureast glycerols Z7t 3
7t3E o) DLW elMEct 22350 TGAZ 28 d4¢ SHYS v, 28 Lx= Avtgt Aujo YAk} zhzt
219~332°C, 229~341°C ¥t

Abstract—The rheological and thermal properties of mucopolysaccharides extracted from wild and cultured yams
were investigated. The intrinsic viscosity, (n] of the wild and cultured yam mucopolysaccharides in deionized water
was 16.1 dl/g, 25.1 dl/g. respectively. The highest intrinsic viscosity was obtained at pH 7 within the pH range of 4
to 11. At various salt concentration (0.0~0.1 M) the (n) of yam mocopolysaccharides was decreased to 0.025 M and
remained constant to 0.1 M. The (n] in urea solution was higher than that of in NaCl and MgCl, solution. The
chain stiffness parameter was 0.05 and the overlap parameters of wild and cultured yam mucopolysaccharides were
0.06 g/dl and 0.04 g/dl respectively. Yam mucopolysaccharides showed pseudoplastic flow. The apparent viscosity of
yam mucopolysaccharides decreased as the temperature increased. The apparent viscosity in urea solution was
higher than that in NaCl and MgCl, solutions. The thermal properties of yam mucopolysaccharides were in-
vestigated by Differential Scanning Calorimetry. The “true melting temperatures of wild and cultured yam mu-
copolysaccharides were 92°C and 93°C, respectively. The melting enthalpys were 67.06 cal/g and 75.73 cal/g. respec-
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tively. The enthalpy of yam mucopolysaccharides solution was inceased as pH increased and increasing salt con-
centrations did not affect the enthalpy. In the presence of urea and glycerol the enthalpy was lower than that in D.
LW. The decomposition temperatures of wild and cultured yam mucopolysaccharides were in the range of 219~

332°C and 229~341°C, respectively.

Keywords: yam mucopolysaccharides, rheology, thermal properties.
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Yam

Blend with water
Centrifuge (12000rpm, 10min)

Supematant Residue
5% SDS of 1/10 in supernatant and mixing (10T, 10min)
Centrifuge (12000rpm, 10min)

Supernatant Residue
58.44g NaCl per 1Liter of supernatant
Centrifuge (12000rpm, 10min)

Supernatant Residue

99% Ethanol of 60% in supernatant

Collect residue with glass bar

Wash with 70% ethanol

Solve with distilled water

Water solution

5% SDS of 1/10 in supernatant and shake (10C, 10min)
58.44g NaCl per lLiter of supernatant

Centrifuge (12000rpm, 10min}

Supernatant Residue
99% Ethanol of 60% in supernatant
Collect residue with glass bar

Wash with 70% ethanol

Solve with distilled water

Water solution

Dialysis

Freezing dry

Mucopolysaccharide

Fig. 1. Separation and purification procedure of mu-
copolysaccharide from yam. SDS: Sodium do-
decyl sulfate.

A AFsle=
Fenske capillary viscometerell 10 ml A&
L EAE S 1f g 2AA.

pHel W& zf an o WgE S437] s pH
4~119 B 1§ AT E %;g stgon dxer o
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flowing timee 25~37 sec ¥t 1

o oI5 s

g/dle]
A%+ Huggins WA 49 4 (6)

52 o
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Z 1,/C=M)+k(n)%

1714, = specificviscosity = viscosity of solution

viscosity of solvent,

c=u} HAYGE ] =
(n] =intrinsic v1sc051ty.
K =constant,

2.3. Chain stiffness
Chain stiffnesst Smidsrod$} Haug #4324 (7)9)
o3 A=A
ml=A+ B[n]m”C;m
A7IM, Ay =
B=chain stiffness,
(MJo1=0.1 M NaClollA4 14 H%,
Cs= A ET

2.4. Overlap parameter
Overlap parameter= pH 7914 I& HE 79 9
T2t 1 kg Aok

Ch = 1/{n)
Ch = characteristic concentrationm,
(] = intrinsic viscosity

2.5. Steady shear viscosity &3

Shear rate &EA S 4387 915+ Brookfield
digital viscometer& A3l 1~200 sec’ shear
rate® S7MANA 7HAA FEE EAsQHon B A
of AHE-E AR pH 79 A8 ¥ % 0.5 g/dlelga o]
&= 25°CR it

Yield stress(Y)+& o]-§-3}od
shear stressZ zero shear ratedl] 94tk curve
fitting3r .24 A=A o0 yield stress= Power
law 282 (8]l 23] Atz et

shear rate datag

T=Y + by
T = shear stress,
Y= shear rate,
b &4 A4 (consistency index),

o AW 32 €3 B4 a9 97 201

s = shear index %+ flow behavior index,

Y = yield stress

Steady shear viscosityol t3 & &AL 23
7] Y3t Mg 1“-E—— 0.25~1 g/dIZ HEYx, &

T &S A Y3 2= HHE 15~75°CE 3§
Hom, dHrte] e AWEr] Y3 dEE 0~0.1
M¢] NaCl, MgCl,, ureaZ AH&3+43th.

2.6. DSC(Differential Scanning Calorimetry)ofl
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3.1. Ot HACERS 27 F&=

If A=((m)e i 89 42S wele 7]
Xj. ﬁ"d_iﬁ Odf Ak 9A xR BAEE A

Fe ol SAEY e dl/ge® Ve
[8]. If AEE AE iRl HeE, 37|19 BE &+
Z g9} thdFe 4524 chain stiffness, over-
lap parameterd] £ AEE AFsh & LHolA
A7 th3EF7H AA &= hydrodynamic volume®

% 2¥HEH(Table 1, 2).

Table 32 B11.% o2 biopolymers¢] (n)E vehd
Aoltt wl$ W& molecular coil& ZE gum ara-
bic# amyloseE ALstie A JeERLEY o] ex-
pended coil TF&4 21 rod9} 22 }_% 3%7] o -0
o} o2 et vlustd s of v 3
wellan, gellan®} H|Z:3 & JERARICE _T_'-.‘-’,-XQE—E-
pH 794 71 =9k ol AleEo] AMAASA 3
A3 single helix’} gel junction zone2ZA mul-
tiple helix® ¥43}7] wiiold 7t AddgdAe
vl HAhdF side chain®] 3114 oxalate groups
7} Mgl g a4 ss) Bl Al S 9
] shielding effectell ©J3} o]2{g pH &3 743
"o} NaCl, MgCLE 71 A% 253 % gkol 34

Table 1. Intrinsic viscosity of yam mucopolysaccharides
at pH 7 (unit: di/g A' NaCl, B: urea, C: MgCl,
solution)

Wild yam muco. Cultured yam muco.
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3.2. Chain stiffness parameter

th359] chain stiffnessE electrostatic repulsion®l
93t polyelectrolyte chains®] #% A=E JehiH
backbone stiffness Hjaol]l AFEETH Hug A8 T
229 chain stiffness parameter B Table 41 W}
ilch B7l 2245 ddt vhjy) Bokold o stiffet
1 extended chain FE|E JE 22 11§ AR 2
A5k charge el 4t FASR: FAdtcH9). S
C-C 22& 7& ot dsld (polyelectrolytes)S Bat
o] 4. 12t 727} hallow helix conformationg 7+
22 F27t 2939 af =7 velAA Hi o

Table 3. Intrinsic viscosity of some polysaccharides(5)

Conc. of salt A B C A B C

0.000 16.10 16.10 16.10 2510 25.10 25.10
0.025 9.00 15.00 10.60 10.70 25.20 10.50
0.050 9.64 2150 10.80 11.70 29.00 11.20
0.075 10.40 2060 7.21 1090 21.00 9.88
0.100 11.40 1500 1040 889 17.60 11.60

Table 2. Intrinsic viscosity of yam mucopolysaccharides

at D.IW.
pH Wild yam muco. Cultured yam muco.
4 6.37 11.00
7 16.10 25.10
8.80 15.00
11 7.07 12.60

koAl 8 Al 3+4 5. 199%

Biopolymers Solvent (n) (/g
Gum arabic H,O 0.13
Amylose H,0O 0.60
Amylopectin H,0 1.27
Chitosan Acetic acid 6.40
Hyaluronic acid H,O-NaCl 8.50
Alginate 0.1IM NaCl 11.90
CMC* 0.005M NaCl 12.30
Wild yam muco. H,0 16.10
Wellan H,0 17.90
Gellan H,0 21.20
Cultured yam muco. H20 25.10
Sodium alginate H,0 31.00
Zooglan H,0 167.00
Xanthan H,0 190.00

*CMC: carboxymethylcellulose
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Table 4. Comparison of chain stiffness parameter B of
yam mucopolysaccharides (wild type) to the
other polymers(8, 12-14)

Polymer B
Carboxymethylamylose 0.200
Chitosan 0.100
Hyaluronic acid 0.070
Yam mucopolysaccharides 0.050
Barley B-Glucan 0.050
Carboxymethylcellulose 0.050
Alginate 0.040
Sodium Pectinate 0.040
Gellan 0.030
Zooglan 0.025
Rhamsan 0.016
Welan 0.010
Xanthan 0.005

flexible® chain®& YEhdTh. Side chain® 1E A}o]
9] intramolecular hydrogen bond’} & Hx &2}
stiffnesst F718ch & ATolA vl AR ch-
ain stiffness parameter= 0.052A] barley B-glucan,
carboxymethylcellulose®}t Hj5:gt gh& UehAIC)

3.3. Overlap parameter

2 AN FL 899 553 $d8 FEAE o
A e Ant FAoER7E 0.06 g/dl, Aliel 420
ZFR7F 0.04 g/dIZA], ©] ¥ o]4olA overlapping

o] doftg ¢ F AUk

3.4. Steady shear viscosity

n} HATFF= shear rate’t 7130 wlat 2R
HA =7 3A 243 shear thinning 84 UEl
Wrh(Fig. 2). %2 shear ratedlXE 2187 A E7}
F23] 74319 21 shear rate7} Zo}d42 A7)
e dAact v AR 522 025 o/
dlZ 3%&" shear ratedl ™3 shear stress®
Fig. 3¢l YElN=tl shear rated] &3} pseu-
doplastic behavior& YJeplfin 217 HEe op 4
ANGFY 5=t 58 5 £ e Uit

FEo I yield stress(Y), A%F4 A4(b), &3 A
T AF(s)E power law A2 2alo AZEglon
Table 59 JERAACE. Yield stress: 2773 & o)
o3l doluy= 2} 4AEY 839l entanglement

—o—wild yam
—&—cultured yam

P (=) o0
(=1 (=] (=1
T T T

Apparent viscosity (Pa. S #1000)

~
(=
T

1 2 5 10 20 40
Shear rate (1/sec)

Fig. 2. Shear rate dependence of yam mucopolysaccha-
rides at 25°C, 0.25 g/dl.
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160 F m m = L

+1000)
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[ 4
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o
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T

Shear stress (Pa.

40 | ® wild yam
= cultured yam
20 +

0 50 100 150 200
Shear rate(1/sec)

Fig. 3. Shear rate versus shear stress of yam mucopoly-
saccharides at 25°C, 0.25 g/dl.

o} Bpze] A5z osf dolih= ahzal Al
71918+ coating thickness, reducing drip, pre-
venting flowg A3t T2t} o} AARHFE

FE7F 0.25 g/dlelA 1 g/dlZ F7hebel whet yield
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Table 5. Concentration dependence of yield stress (Y),
consistency index (b), shear index (s), for yam
mucopolysaccharides (A: wild yam, B: cultur-

ed yam)
Conc.(g/dl) Y (Pa)) b (Pa.sec) s
A B A B A B
0.25 1.0 3.4 100 132 0.076 0.04
0.50 26 53 116 149  0.068 0.04
0.75 3.5 7.6 134 157  0.038 0.036
1.00 39 110 149 162 0.035 0.028

el

YR

Polymer?] €32 25 7S W)

AlHAE oz Aodn, o]dE AuA =9
AE &do] Ho] dx, 2HE, E8%F FHE T ¥
3t vebdeH11) A ARl §3e 92°CelA
L}E}"“’Dﬂ ?‘J‘%ﬁl 67.06 cal/go2 ZAHAT Al

75.83 cal/g.i ?%Q?\i‘:}(Fig. 4). Peak®] ¥d2 A
o] Hl&=glovt Aujute] peak 2% WS dgws} 4t
ohrc) oF7k Zitk, o] A& Aufetrt AlulEct §iate]
Aol B =ol meltingell a3 U7} o] Bol

¢ Jehdoh 211) 5 ®d Bglucan® Tmol

ko

3

100.00

=Y

200.00

400.00

Fig. 4. DSC thermograms of Yam mucopolysaccharides.
A wild Yam muco, B: cultured Yam muco.

Table 6. DSC thermogram values of yam mucopolysaccharides solution (A: wild yam, B: cultured yam)

Temperature of DSC transition

- Enthalpy(cal/g)
Onset temperature(To) Peak temperature(Tp) Conclusion temperature(Tc)
A B A B A B A B
pH
4 101.00 114.72 110.69 129.96 127.16 145.36 345.03 409.51
7 103.82 119.47 126.76 132.21 140.33 147.57 421.71 430.44
9 111.25 111.04 127.26 129.16 143.16 144.34 435.09 428.92
11 100.91 106.79 124.41 123.93 138.74 138.50 43453 429.12
M-NaCl
0.000 103.82 119.47 126.76 132.21 140.33 147.57 421.1 430.44
0.025 113.75 107.27 131.23 130.04 143.80 143.37 393.14 405.75
0.050 110.24 106.05 128.25 123.71 141.32 140.07 385.10 400.00
0.075 106.68 111.04 129.13 126.74 142.56 140.54 399.66 394.69
0.100 111.68 110.46 130.93 127.17 144.09 141.60 419.44 409.37
Solvent
DIW. 103.82 119.47 126.76 132.21 140.33 147.57 421.70 430.44
8M-Urea 114.99 101.27 137.42 131.33 158.73 14791 234.98 202.95
10% Glycerol 104.82 107.46 129.76 129.00 143.84 143.38 339.91 333.79

gt Al 8 A A 3+4 . 19%
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Fig. 5. DSC thermograms of cultured Yam mucopoly-
saccharides with various solvent at 1.5 g/dl, pH 7.
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Fig. 6. Thermogram of cultured Yam mucopoly-
saccharides by TGA.
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