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Abstract

Konjac glucomannan (KGM) -Ca. KGM-Mg. KGM-Fe. KGM-tungsten
(KGM-T) gels were successfully produced under DC electric fields in the presence of
CaCl,» MgCl,. FeCl; and sodium tungstate. pH experiments were conducted to
measure pH value of DC treated KGM sol. And KGM-T gels were characterized by
FTIR. Raman. SEM. XRD and DSC. pH experiments showed that KGM sol
containing Na, WO4.2H,0 in the vicinity of the positive electrode became acidic and
the negative electrode basic after the application of DC electric field. SEM
demonstrates KGM powder presents regularly fibred morphology. Hydrogen bonds
exist between KGM molecular chains. KGM shows irregular bracket structure after
vacuum frozen drying.The morphology of KGM doesn’t change after treated by DC,
which indicates DC treatment doesn’t cause the glycosidic bonds break down.
KGM-Ca gel presents cotton-like structure of ununiform holes. KGM-Mg gel has
wrinkled sheet structure. The microstructure of KGM-Fe gel shows uniform and
dense tridimensional fibronet structure. While KGM-T gel showed network structure
like honeycomb. FTIR. Raman, XRD. DSC studies indicated that the product may
contain isopoly- tungstic acid ions and tungsten trioxide crystalline hydrate such as
[W-024]%, [HoW12045]'" and WOs. The results are consistent with each other and
corresponds to pH measurements.

The rheological properties of KGM-T gels were investigated and the possible
mechanism of gel formation was proposed combining the analysis from FTIR.
Raman. SEM. XRD and DSC. The results showd four factors including sodium
tungstate concentration, KGM concentration, voltage and electric processing time all
have influence on the rheological properties of the gel. Frequency sweep data showed
with increasing sodium tungstate concentration, voltage, and electric processing time,
the viscoelastic moduli, i.e., the storage and the loss moduli of the gel increased,
whereas an increase in KGM concentration led to a decrease in gel viscoelastic

moduli. The temperature sweep measurements indicated the obtained gel exhibited
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high thermal stability. The gel also has electrochemical reversibility. The possible
mechanism of gel formation was as follows: H™ and OH™ ions were produced by water
electrolysis. Na, WO, dissociates into Na" and WO42' 1on. WO42' interacts with H' to
produce isopoly-tungstic acid ions and tungsten trioxide. Isopoly-tungstic acid ions
abosorb on KGM molecular chains and cross-link with —OH groups at C-6 position
on sugar units of KGM, assemble toward positive electrode and form into a
three-dimensional gel network.

The textural properties of KGM-T gels were investigated by Texture Analyzer
and Rheometer. ANSYS, a finite element analysis (FEA) software was also used to
analyze the distribution of electric field intensity on the electrodes as well as in the
solutions. The results showed four factors including sodium tungstate concentration,
KGM concentration, voltage and treatment time all had influence on the hardness and
springiness of KGM-T gels. Basing on the results of response surface methodology
(RSM), the optimum conditions for KGM-T gel springiness is 0.32% sodium
tungstate concentration, 0.54% KGM concentration, 24.66V voltage and 12.37 min
treatment time. Under these conditions, the maximum springiness value of KGM-T
gel is 1.21mm. Steady flow measurement indicated that KGM-T gel showed
characteristic non-Newtonian pseudoplastic behavior with low flow behavior indexes
in the shear thinning region. The simulation result shows that electric field intensity
distribution from high to low is both ends of the electrode, the inner side and outer
side of the two electrodes, the solution region between the two electrodes, and the
solution region near the beaker wall. The inhomogeneity of electric field intensity

leads to an uneven texture of gels.

Keywords: konjac glucomannan, DC electric fields, gel, rheological properties,

textural properties
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AT A AR T TREIRAE Fa 3 N RN L, ] £ R Re AR, T EE SRR T
FErP N Y, 75 S EERE MU 7D WARIE . RIS A R A B 4
FOAREEYMEISURE RN, KB T S sk mRasH L E T8
s Y. EREESEFARD. Hd, RERZNREHELREND (SP) H
P RN, Tasoglu, SR FIARAS F ER 5L PO IBREVE AR IR EHBLE, 55
ST HEMERT R B I B 4% SR, W% BN BE R T 2 MY BB
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St I UK IR Y, O AR R S 2 &R B TR A R AR,
HEN KGM 7E LI F K 4 8 B T AR LE IR 25 A0 T AT RE R AR S5 R AR BRI s, A
1 51 H I e AR R A T B« B PERR S IR A . BRI, A ST BRI A f 3z i
B KGM B 25 sk, 3K H FTIR. Raman. SEM. DSC. XRD Z%} KGM-T
B AR BEAT RAE A3 BT T G JiR R 2 44 J st I A s 1 4 F-1RMEF g, A
WA KGM B BB (1 1) 46 32 BB SRR — Rl A8 B R T B

1 A5 75 1%

1.1 APk )

SRR (KGM & & 91.4%), = mIET = A A R4k 8w
(Na,WO4 2H,0) Aorarali, T3 M AR BR A 7
1.2 {X A 5%

BS210S 73 #r K-, Sartorius; 4 ji+Eds: GPC- 6030D EHUHYE, SIE[H
4i; Labconco plus 12 A% T/§H1, 3£ Labconco: Starter 2100 pH i, B35
s (R HIRAF; Nicolet iS10 £L4MGHE{X, USA; Labram Aramis HOtHr
26, FRA; S-4800 I &M% H T EA48:, HAHIL AW ; D81SKW
Z i X BHRATH, EEAE LA R ; DSC 200 F3 ik DSC A%, & i i .
1.3 L7k
1.3.1 Hdg I B A H SR e e 11 ) 4

AR EKGMB AR, SR BEZ K, B R0.5% M IR, k7]
PiFE1h, 4CIOE R, AR 70K A, WK, . SIRCH10.5% KGM
0-0.5% CaCly MgCh+ FeCl. RRMIIER. BIIEASTEA S LR E T
KGM/KERH, @ EEHHE, HE30V/em, B [E15min. 1E 78R E] A #E 25 DA
B BB YE . FLIZ A PRI A b . SRAT IR B A H SRR L
WWHNKGM-MEE . HAMAEIESE T KGM-MER T, Rl
1.3.2 pH M

K H Starter 2100 pH v 2% pH B4R B AL KGM ¥ % 5 F AR P Tl KGM
VL pH fH
1.3.3 ZL4Mis

K FH Nicolet iS10 FTIR spectrometer UEELL MGG £, 4 512 KGM #7

K. KGM-M BT 40 G3E . I E B EGEE 4000em™ ~400em™, ¥ 51 KBr
2



1:100 [ IR AR A, X 95K 0.4 em™, FIIXECN 64, 25 KBr /x4
1.3.4 gt

$i 2 1% 7E Labram  AramisBOGHz 2 5615 {X - (Horiba Jobin-Yvon, FRA) it
17 BWoRPEK: 633nm, BEFAIIER: 0.7mW power, 3HFR: lem’.
1.3.5 T WA

FHGEARYE Hou S5 (771 « KGM #3 K A VR T4 1) KGM-M 5 H]
U S A MG LEARAE b, £ SCD- 500 B FIRSH X mi 4y ia, ] S-4800
H Sz 7 B TSRS . e %0k OS2 500-10000%;
KI#EE E: 10-20kV.
1.3.6 xS EATsY

ME LA CutfkadB . W 1.5406. & )E30 kV. S0 mA. FAFHEE
5°/min. By ARIE. 20A5~60°. BREEVESTO0. 3 mm. JES NI =ik NIE.
1.3.7 ZE7~ R

WAL T15U7 ) KGM, HL 2.0000-6.0000mg T48 &R &, B30
EHAERE . BAAS, WIEN 40mL/min; FHEJEHE 0°C~400°C, FHE#EZF
10K/min.
2 RS0
2.1 H N A TSR BRI ) 2%

FIH H A — 2 AR — K (KT%T 0.5%) KGM KB, e
B EA AL EAR AR, KR TR A O, 3l e il Bl
AR, I 45min, TIARMEERIERIY M. SR, FIH B H AL —
SEWE (FE) KGM (% 0.5% Na,WO4-2H,0) /K, MR IEW Fr=E T
FIEBER, E AL AR i AR B BRI T R E A # . AR B R W 1.

K1 X50.3~1.1 wt% KGMA i & — € ENayWO,4. 2H, Ojiti il 10~40V H, &
a) PIEMR BRI, b)IER B AR o) KGM-TH S24) K]
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7 — RF ISR IR T KGM HEL AR 7] BE (T ML ER . TE4H T,
0.5%KGM & — & BERMIIKIERE T 20-60 CARMBIER S AT, Ak
LR, IXHERR 1R R B 5 SR AT B e . A TR pH XHEEI T ik

JEZM, 0.1%HCl 5% NaOH fi5E 0.5%KGM 7 — 52 S8 BB 10 /K 75 i K 15
pH4.0~12.0, &AWL BT R o

UbAh, T R B T AR BB s, FRATTIE R F B A
T 0.5%KGM KK (75 0.5%NaCl. KCD, ¥I& KB KGM &K, H
SRR KCL ) KGM ¥ IR S50 B (R SR A %y, W] KeAPAE 61, |
WRE) T KGM 7r TINE BT IRies) . HHBESLE 0.5%KGM & —E &
CaCl MgCl. FeCls (/KA I — @RI, 7E AR AT 3RS — /N e (B 2).

T

K2 B KGM B SE) B (a. KGM-Ca. b.KGM-Mg. ¢.KGM-Fe)

STFKGM-THER, 25 G B IERIE RS, BAENWO, 7E iz /EH
TEHEKGMEB T . BA TR KDL R AR BB, HEHEIEE, BRI A,
ST (VIR A BT 1 IR T SR A I St HH B i 2 B P R s A ), Tek
Chan Kwontl #Ril " —Fifi B R G WA R, EMEBRRMIER T, el 4 &
PRI AR IR R KIS PRI SR A, DR 1A A1 25 5 2 s v 0,

% FKGM-Ca. KGM-Mg. KGM-Fekitfi, BAHEMCa> . Mg® . Fe* Wt
EKGM A i I, SR 15 IF B ITKGM 2 T/ 7 /R FL R [ 5t B2 3 FIKGM
I -OHZEAIAZ B, TAEM BEK . HIBLIRTFE B Yoshihito Osada® i, H
Ui FELRR % O B i L PR SR TE R o AR B A S E R S TR . G
Filipesei %5845 T M R A MBI N I, 880 N R, Hhe —
2 FLOE RS I R R R A Y- &R B T R A A B U,

H TN CaCly MgCly + FeCls il 45 ) KGM HLEE AR B/, FRA Tk 4% 1
AN INES TR AN 4 KGM HLBER .



2.2 pH 73 #r

15 KGM-T Bl 5, F Starter 2100 pH i1 PA K pH R4S MNR T B AL B S
(¥] KGM ¥ i IE R AN AR AR ) pHo  IE MR BT (VR AR IR 1, AR
BRME, X TRER BT E B N HUKAEE A N B OH B sl Y, gk
IR S 80T — AR A 1 pH KK 7] 2 5 R B, BI: [W7024]%
[W10032]" « [HaW12042]"" B 120, fEMIG B A (VDIKE R (>107), 74T
pH4-7 IR E BRI R EWAE [W7024]"y [HW,024]> LA R [HW1204,]' 71,
pH HMBER(PH<6.5), TRl WO IR S, FEHA BUOWUR T6 1 /S B AL
WO;(H,0);7,
2.3 AN T

transmittance (%)

20 T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500

wavenumber (cm'1)

K 3 KGM. Na;WO,.2H,0 & KGM-T %t 40 A i

%f KGM. Na;WO,-2H,0 K KGM-T B HET T 4L AMisRE (F 3). i
Na,WO4-2H,0 BT T LLE i, 45 it 7K Fi—OH Fr A 45 A1 25 i R 30 73 I #E 3321.92 AN
1682.17 em™ 4b2*%1, 831.20 em™ Ab 1 2% 7 AR F WO, PU THi fAs 1 W-O [ S X ik
RN, 642.68 F1 546.74 e (RSN AT T W-O-W it 02,

B KGM 1A 40, KGM £E 3346.99cm™ b4 SR I, 5o A7-OH i [ (1) fi
ZE9RBN; 1F 2884.14em™ KEAHWLIK, WoR-CH, Bk-CH; 3L C-H #AF4E RSN
1724.12cm™ KRS, R C=0 Mi4EHRSN, {CE T KGM 4 T4 FRFETE)
LML A5 1640.23cm ™ AL IFIMR I I& A R F- 5 -OH 4 5K 1¥ C-O M4i#zh (Bl C-0-H
Hi#) C-0). 1022.13cm™ AL —3RIRIIE, & C-O-C (HEFF) (M 4R h: 899cm™
A1 805.65 cm™ AL KAE S KGM Hf H Z 4 B T (3R 504 .

LL# KGM 5 KGM-T BER LM R IR, 3346.99 om™ Ab AW g B (6%
59, T EHARSE, U OH (4R3I ZFNELm; (R 2884.14cm™ Ak AW IS AT 2%
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PLIH-CH, 50-CH; 21 (1) C-H B AE RN SZ BI5E 0 : 1724.120m™ Ak (¥R 7354
1716, Fonfi C=0 M4EiR3N, R KGM-T BR TR MRE T KGM 7 T4 L5y
MEPER) CTRIE DY, XA pH SREe 45 5K — 8, RIEERR— VAT pH AIRYE, 7EIR
PEZAE T, KGM A 2. 1640.23cm™ Ab RIS IS RS, 1M 5-OH 43 K11
C-O {H4EHRBNZ B0, hLHEMRE 50 Co f711-CHOH R A4k . 1022.13cm™
AR ENIERE & 1077.57 em™, BB C-O-C $REh2Z M54, 898.70 cm™ ALHIWK
YU A R F W-O-W I 4RdiR SN A0 H B MR c i B &, 1 803.24 om™ b WL
Uy O-W-O 1 45 1% 20 R H 55 4 5 04 B W (¥ & B>, 969.57em™ Ak BA J
898.70cm™ KL IR IS R [W7004]%, [HaW1204]"F1 WO T BETEAE T 724

[32,36]

o

FAh, e KGM-T Bl A RRAN A 20 S R B, 831.20 em™ A frWR LI
MK, WEE P AEE WO, XA pH S22, B0 pH R, T
WO MNAFLE pH>T WA IXFE, BEERAVI RISt ik 7, X
MNRIZEAS NEPLH . 675.95 em™ M1 545.77 e’ 4k W-O-W IR ENIEN & T,
PR 622.9cm™ AbHT IR B &1 H B
2.4 $i B I

K420 7 KGM . Na,WO..2H,0 il KGM-T %t i () #7 2 ok i . 7F
Na, WO, 2H O @k b, B4 478, 930.57, 838.37 cm ' (VK FW=0If
SERRAUR R4 IREN) 5 334.69 ecm ' (AR TW-OMZ #hRsN) « AAEMHA %
a7 HILE 100 em ' B CURTERLF [ 4 gt e 3D P70, BT LU HE, 930, 57cm!
Ab R 25 SR PRI, R HINa, WO, 2H,0 IWO,» B 727, Tt AL 4
A HIEKGM-THEER 1, R A E WO, BT . KGM-THE 720k
P 806em ' Ak () 255 A TR I 45 ff WO R L B FE 0 O ph b, JRATTIE W 2 3]
704cm™ Ab B — AN, FLHRIE O K A S5 WO IRFIE IR, KGM 4y T R E
[#12893.46 cm™ AL IC-HARHNIE K 1111.16 cm™ kb I C-O-CHRBNIEPEKGM-THER
HiikZk, 1 IKGMEE 510 C-64r b [1K)-OH R B 5 [F] 2 45 IRAR B 122 Bk . hr Z Ol Al
LA R HE — 5L

SR, APTRAA, KRERFEZERRAEFER A ZIEEIRE, SR [E
17AE . IXLE[R ZASRRIR AT T/ iZpH ORI PP, Rk, ERATRISLH,
7] 2 B IRAR & FARIEN (WxOy)™
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