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a b s t r a c t

Water-soluble O-carboxymethyl glucomannan derivatives (O-CMG) with different degrees of substi-
tution were synthesized successfully by reaction of a konjac glucomannan (isolated from the tubers
ccepted 13 August 2010
vailable online 20 August 2010
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of Amorphophallus paeoniifolius, one of the most abundant Amorphophallus species in Viet Nam for-
est) directly with monochloroacetic acid (MCA) without methanol. The structure of O-carboxymethyl
glucomannan derivatives was characterized by FTIR, 1H, 13C and 1H–13C NMR-HSQC spectroscopy. The
conditions for synthesizing of O-CMG derivatives were also evaluated. The results shown that the opti-
mal conditions for carboxymethylation of glucomannan were pH 10, temperature of 60 ◦C for 3 h. The
degree of substitution (DS) of O-substitution increased from 0.363 to 0.697 since the mass ratio (w/w) of

oacet
glucomannan/monochlor

. Introduction

Amorphophallus sp. is grown in mountain or hilly areas in sub-
ropical regions, mainly in the South East of Asia, including Viet
am. It has been used as food and food additives in China and

apan for more than 1000 years. Glucomannan (GM) is a polysac-
haride of the mannan family, very abundant in nature, specifically
n softwoods (hemicellulose), roots, tubers and many plants bulbs.
espite the variety of sources, the most common used type of
M is named konjac glucomannan (KGM), which is extracted from

ubers of Amorphophallus plants. Irrespective of its origin, GM is
omposed of �-1,4-linked d-mannose and d-glucose monomers.
owever, the mannose/glucose monomer ratio may vary depend-

ng on the original source of GM (Gao & Nishinari, 2004; Ishrud,
ahid, Viqar, & Pan, 2001; Koroskenyi & McCarthy, 2001; Xiao, Gao,
Zhang, 2000). Glucomannan and its derivatives have been inves-

igated and used in many fields, such as food, film-forming, and
iomedical (Vuksan et al., 1999, 2000). Although, the application
f glucomannan is restricted for its viscosity and low solubility.
o, various studies were conducted to improve the ability of dis-
olving of glucomannan in organic solvents, polar solvents and
specially in water by chemical modification techniques, such

s methylation, acetylation and carboxyalkylation. The prepara-
ion of dicarboxyglucomannan derivative has been proposed by

atsumura, Nishioka, and Yoshikawa (1991). This chemical modifi-
ation has resulted in an important increase in glucomannan water

∗ Corresponding author. Tel.: +84 4 37564308.
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ic acid changed from 1/1 to 1/5.
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solubility, and also in its ability to interact with positively charged
polymers. These new features are very attractive for the design of
new drug carriers. On the other hand, this chemical modification
may also affect its biological activity. The methylation reaction of
glucomannan has been done also for aiming at to increase the sol-
ubility of this polysaccharide in water (Kishida, 1979; Shatwell,
Sutherland, Ross-Murphy, & Dea, 1991). Up to now, no pharma-
ceutical or medical application has been specifically reported for
this derivative; however, it could be deduced that the increase of
glucomannan water solubility could promote its use as a pharma-
ceutical excipient. The carboxymethyl glucomannan derivative was
also synthesized (Kobayashi, Tsujihata, Hibi, & Tsukamoto, 2002).
However, according to Kobayashi et al. KGM was etherified using
MCA under the catalytic action of sodium hydroxide. The results
shown that in the aqueous alkaline solution, KGM formed a gel
and, consequently, carboxymethylation did not successfully pro-
ceed. Therefore, methanol was used as a disperse medium of KGM
to facilitate the mechanical agitation for preventing a gel forma-
tion. The use of toxic and expensive chemicals as methanol could
provoke some disadvantages of processing and applying this prod-
uct both in food product and medicine. Otherwise, it seems to be
some unexpected reactions have been taken place in this medium
by means of the primary OH groups of methanol, that is to say its
purification is more complicated.

Glucomannan isolated from Amorphophallus paeoniifolius is

almost insoluble in water at ambient temperature. For enlarging
the application of glucomannan and simplifying its prepara-
tion, in this work, the glucomannan was carboxymethylated by
monochloroacetic acid only in aqueous medium without methanol
for obtaining the water-soluble O-carboxymethyl glucomannan

dx.doi.org/10.1016/j.carbpol.2010.08.034
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:nguyentienanvhh@gmail.com
dx.doi.org/10.1016/j.carbpol.2010.08.034
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konjac glucomannan as the pH was raised, but reverted to a com-
Fig. 1. FTIR spect

erivatives. The conditions for synthesis of O-CMGs such as
atio (w/w) of KGM/MCA, pH, time reaction were evaluated. The
tructure of carboxymethyl glucomannan derivatives was char-
cterized carefully by mean of FTIR and NMR spectroscopy as
vidences.

. Experimental

.1. Materials

Konjac glucomannan was isolated from tubers of A. paeoni-

folius (An, Dong, Thien, & Du, 2010). Monochloroacetic acid, sodium
ydroxide, hydrochloric acid and ethanol were purchased from
erck Co. (Germany). All other reagents used were of analytical

rade.

able 1
H NMR chemical shift data of O-CMGs (ı ppm) (10 g/l in D2O at 353 K).

Signals O-CMG1 O-CMG4

H1 of substituted units 6.085; 6.153 6.218
H1 of initial units 5.878 6.004
H2 of both un- and substituted units 4.292 4.283
H3 of both un- and substituted units 4.108 4.615; 4.54
H4 of unsubstituted units 4.126 4.077
H4 of substituted units 3.926 3.928
H5 of both un- and substituted units 4.108 4.436
H6a 4.345 4.436
H6b (overlapped with the signal of H2) 4.292 4.346
H signal of OCH2COONa group 4.540 4.615; 4.54
GM and O-CMG.

2.2. Synthesis of O-carboxymethyl glucomannan

The O-carboxymethyl glucomannan derivatives were synthe-
sized as follows: konjac glucomannan (1 g) was dispersed in 100 ml
of water by vigorously stirring, then monochloroacetic acid (the
weight was 1, 2, 3 and 5 g, marked as O-CMG1, O-CMG2, O-CMG3
and O-CMG4, respectively) was added and the mixture was stirred
strongly for 30 min; then the pH was adjusted to 8–10 by slowly
adding 10% NaOH solution, while stirring continuously. The reac-
tant system became quite transparent solution due to swelling of
pletely transparent solution when the temperature of system was
up to 60 ◦C, then heating at 60 ◦C for different durations 1, 3 h,
respectively. This solution was filtered and cooled to ambient tem-

Table 2
13C NMR chemical shift data of O-CMGs (ı ppm) (70 g/l in D2O at 353 K).

Signals O-CMG1 O-CMG4

C1 of initial units 100.096 99.441
C1 of substituted units 97.08; 97.92 96.801
C2 of both un- and substituted units 72.035 71.820
C3 of both un- and substituted units 72.382 73.205
C4 of unsubstituted units 78.17; 77.78 –
C4 of substituted units 80.69; 80.89 80.671
C5 of substituted units 73.121 75.00
C5 of unsubstituted units 74.046 75.00
C6 of both un- and substituted units 61.39; 62.20 61.30
C signal of –COONa group 178.241 178.309
C signal of methylene group (–OCH2COONa) 70.59; 71.65 70.52; 71.30
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Fig. 2. 13C NMR spectra of KGM, O-CMG1 (A) and O-CMG4 (B) (70 g/l, in D2O at 353 K).
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Fig. 3. 1H NMR spectra of KGM, O-CMG1 (A) and O-CMG4 (B), (10 g/l in D2O at 353 K).
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reaction occurred easily. The hydration of glucomannan would also
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Fig. 4. 1H–13C NMR-HSQC spectrum of KGM (in D2O, at 353 K).

erature then the pH was adjusted to pH 5 using 1% HCl solution
o precipitate out the product which was filtered off and washed to
eutral with 90% ethanol. It was then dissolved up in dilute NaOH
olution for obtaining the neutral Na-salt of O-carboxymethyl glu-
omannan, which was continuously washed to neutral by ethanol,
hen dried at 50 ◦C in oven for 3 h or lyophilized. The final product
as used for further characterization.

FTIR spectra of the konjac glucomannan and the O-
arboxymethyl glucomannan derivatives were recorded on
he FTIR-Impact 410 spectrometer in the range of 4000–400 cm−1.

he powder samples were compressed into KBr pellets for the FTIR
egistration.

1H, 13C, 13C Dept and 1H–13C HSQC-NMR spectra of the konjac
lucomannan (initial material) and the sodium salt of the O-

able 3
ffect of the amount of monochloroacetic acid, pH and time (h) on the extent of carboxym

Samples GM (g) MCA (g) pH

O-CMG1 1 1 8
1 1 8
1 1 10
1 1 10

O-CMG2 1 2 8
1 2 8
1 2 10
1 2 10

O-CMG3 1 3 8
1 3 8
1 3 10
1 3 10

O-CMG4 1 5 8
1 5 8
1 5 10
1 5 10

a R = water-soluble O-CMG product (g)/GM (g)×100%.
mers 83 (2011) 645–652 649

carboxymethyl glucomannan derivatives (product) were recorded
on the 500 MHz Bruker Avance spectrometer, the sample concen-
trations being about 10 g/l for 1H NMR and 70 g/l for 13C NMR
spectra in D2O, at 353 K.

Degree of substitution at O-atom (DS) of O-carboxymethyl glu-
comannan derivatives could be evaluated by their 1H NMR integrals
using the following formula:

DS = (IH1′ )/(IH1+H1′ )

where DS is degree of substitution at O-atom of substituted deriva-
tives. IH1′ and IH1+H1′ were the integrals of the hydrogen atom
bonded at C1 of substituted glucomannan unit and C1 of all substi-
tuted and unsubstituted glucomannan unit, respectively.

3. Results and discussion

3.1. Characterization of O-carboxymethyl glucomannan

Kobayashi et al. said that the carboxymethylation could not per-
formed successfully without using methanol as a dispersed agent.
They had to use a large quantity of CH3OH as medium of reac-
tion. But the primary OH group of this one (a simple molecule as
monomer) is also reactive as that of KGM (which are in the poly-
mer chain). So the reaction of methanol with monochloroacetic acid
could be occurred as unexpected reaction. According to our pro-
cedure, there was no need of methanol presence. Although both
the glucomannan and monochloroacetic acid are not soluble in
water so the carboxymethylation was occurred in the heteroge-
neous state. This reason might limit the ability of reaction and
therefore the yield of carboxymethylation might be low. However,
this problem could be overcome by doing as mentioned in Section 2,
the monochloroacetic acid was added into the suspension of gluco-
mannan. With the high speed of stirring and at raising temperature,
the mixture of glucomannan and MCA was in the polydispersive
state that means the contact ability of glucomannan with MCA
was enhanced. After that, the addition of NaOH would result to the
hydration of glucomannan, especially when the reaction tempera-
ture raised up to 60 ◦C. Although, this reason would not prevent
monochloroacetic acid disperding into reaction medium, so the
lead the macromolecular chain of glucomannan to be more flexi-
ble, so that the hydroxyl groups became more active and readily
reacted with the MCA by the nucleophilic substitution reaction for
forming the O-CMG derivatives.

ethylation.

Time (h) R (%)a DS

1 1.8 –
3 2.3 –
1 128.3 0.363
3 132.5 0.372
1 4.1 –
3 5.6 –
1 141.8 0.416
3 146.7 0.432
1 4.6 –
3 5.6 –
1 149.6 0.498
3 154.2 0.512
1 5.1 –
3 6.3 –
1 158.6 0.652
3 167.3 0.697
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Fig. 5. 1H–13C NMR-HSQC spe

.1.1. FTIR analysis
The FTIR spectra of konjac glucomannan (KGM) and O-
arboxymethyl glucomannan in the wavelength range of
000–400 cm−1 were shown in Fig. 1.

In the spectrum of KGM, the wide band observed at
000–3700 cm−1 could be attributed to the O–H stretching of the
lucomannan. The bands at 2935 and 2887 cm−1 were attributed
O-CMG1 (A) and O-CMG4 (B).

to the asymmetric stretching of C–H, while the band at 1646 cm−1

was described to adsorbed water and the bands at 1418 and at

1364 cm−1 to the angular deformation of C–H. The C–O ether
bond showed stretching at 1154 cm−1 while the C–O alcohol bond
showed stretching at 1085 cm−1.

In the spectrum of O-CMG1, the characteristic absorp-
tion peaks of O-carboxymethyl glucomannan derivative were
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bserved at 3000–3700 cm−1 (–OH); 1736 cm−1 (C O of –COOH);
918 cm−1 (�asCH2 ); 1619 cm−1 (C O of –COONa); 1420, 1332
nd 1158 cm−1 (ıCH2 ); 1087 and 996 cm−1 (C–O). The appear-
nce of peak at 1736 cm−1 which was typical for –COOH group.
t could be seen that the carboxymethylated reaction has taken
lace.

.1.2. NMR analysis
The 13C, 1H, and 1H–13C HSQC-NMR spectra of KGM were

hown in Figs. 2–4 and that of O-CMG derivatives were shown in
ig. 2A,B; Fig. 3A,B and Fig. 5, respectively.

The 1H NMR and 13C NMR spectra of glucomannan (Figs. 3 and 2,
espectively) were registered directly in state of polymer chain,
issolved transparently in D2O at 353 K (the hydration of gluco-
annan took place well at this temperature) (no NaOH be used as

reviously). The glucose and mannose units were overlapped, so
hat the spectrum was rather simple. The signals were assigned as
ollows:

In the 1H NMR spectrum of KGM, the signal at 5.84 ppm was
ssigned to H1 proton of both mannose and glucose units (over-
apped); the signals of H2–H6 proton were overlapped in region
.91–4.84 ppm.

In the 13C NMR spectrum of KGM, the signals were assigned as
ollow: C1 (ı 101.3 ppm); C2 (72.08); C3 (72.34); C4 (78.14); C5
74.00) and C6 (61.43).

The NMR chemical shift data of O-CMG derivatives were sum-
arized in the Tables 1 and 2.
The structural modifications introduced by the carboxymethy-

ation could be observed by comparing the 13C NMR and 1H NMR
pectrum of konjac glucomannan (initial material, Figs. 2 and 3) and
hat of the O-CMG derivatives (product, Fig. 2A,B and Fig. 3A,B).
ndeed, this latter was considerably different and more complex
han that of parent konjac glucomannan.

The 13C NMR spectra of O-carboxymethyl glucomannan
Fig. 2A,B) showed various different degree of substitutions
ppeared in the structure of carboxymethyl glucomannan, the sub-
titution was occurred at OH group of C6, so that the signal due
o C2, C3 and C6 was shifted to the down-field because of the
lectron-withdrawing effect of the carboxymethyl substituents.
he appearance of the signals at about 70.351–71.656 ppm in the
3C NMR spectrum of O-CMG1 and the two signals at 70.528 ppm
nd 71.307 ppm in the 13C NMR spectrum of O-CMG4, which they
ould be seen overall (as Tables 1 and 2) were assigned to C
tom of methylene group of –CH2COO– substituted group. The
ignals assigned to the C atom of –COONa group were observed
t 178.24 ppm (in the 13C NMR of O-CMG1) and 178.309 ppm (in
he 13C NMR of O-CMG4). These features were taken as evidences
hat the carboxymethylation was taken place representing to the
lucose ring –C(6)H2–O–CH2COONa formation of glucomannan
erivatives.

The occurrence of O-carboxymethyl glucomannan was also
enoted by the signal at about 4.540 ppm (in the 1H NMR spectrum
f O-CMG1) and 4.615–4.545 ppm (in the 1H NMR spectrum of O-
MG4), which were assigned to methylene proton of substitution
f the OCH2COONa groups.

The above discussions were affirmed by observation the 1H–13C
MR-HSQC spectra of KGM (Fig. 4) and that of O-CMG derivatives

Fig. 5). In the 1H–13C NMR-HSQC spectrum of O-CMG1 (Fig. 5A),
he crosspeaks at ı 4.540/70.596 ppm and 4.540/71.012 ppm were
ue to H/C signals of the substituted methylene groups (the H sig-

al of substituted group was overlapped at 4.540 ppm). The H/C
ignals were also observed in the 1H–13C NMR-HSQC of O-CMG4
erivative (Fig. 5B), the two dominant H/C crosspeaks of substi-
uted methylene group could be identified at ı 4.545/70.528 ppm
nd 4.615/71.307 ppm.
mers 83 (2011) 645–652 651

3.2. Determination of the degree of substitution

The degree of substitution (DS) for a O-carboxymethyl glu-
comannan derivative was defined as number of substitutions
of hydroxyl groups per monomer unit of O-CMG. According
to Kobayashi et al. the DS of carboxymethylated glucomannan
samples could be determined by the titration (many errors in pro-
cessing analysis), but in our method, the DS could be determined
quite simply by the data of 1H NMR spectra. However, it could
be only determined using the integrals of H1 proton (as seen in
the Fig. 5, the H/C crosspeak signals at about 6.1–6.3/96–98 ppm
were assigned as H1 proton in substituted glucomannan, also
by this one, it could be evaluated quantitatively the degree of
substitution) because the signals of the other protons were over-
lapped as seen in the 1H–13C HSQC-NMR spectra. The DS was
calculated using the formula presented in experimental part, the
resulting DS value of O-CMG was approximately 0.363 and that
of O-CMG4 was 0.697. These results are predominant than that
of Kobayashi et al. (2002) by means of no unexpected reaction of
methanol.

3.3. Various reaction conditions for synthesis of O-carboxymethyl
glucomannan

The effect of reaction conditions on synthesis of O-
carboxymethyl glucomannan was summarized in Table 3. Every
carboxymethylation was carried out at 60 ◦C. The degree of car-
boxymethylation was investigated via the DS and R (R was the
percent ratio of water-soluble O-CMG (g) per KGM). The results
showed that the carboxymethylation of glucomannan was hardly
occurred at pH 8. At the same amounts of MCA, the DS value and
the ratio of water-soluble O-CMG per KGM increased with the
increase of pH and reaction time. The DS value was also increased
as the ratio (w/w) of MCA/KGM increased. The pH of reactive
medium was an important factor of the preparation of O-CMG
derivatives.

4. Conclusions

O-carboxymethyl glucomannan derivatives (O-CMGs) were
synthesized successfully by the direct alkylation of a konjac
glucomannan with monochloroacetic acid at pH 10 and temper-
ature of 60 ◦C. The O-CMG derivatives were totally soluble in
water. Their chemical structure was investigated quantitatively
and qualitatively by IR and NMR spectroscopy. The appearance
of the new signals as crosspeaks at about 4.5–4.8/70–73 ppm
in the 1H–13C NMR-HSQC of O-CMG derivatives confirmed the
presence of substituted methylene group (–CH2–COO–) on the
carboxymethyl glucomannan macromolecule. Their degrees of
substitution were calculated using the integrals of 1H NMR
signals and increased from 0.363 to 0.697 since the mass
ratio of glucomannan/monochloroacetic acid changing from
1/1 to 1/5.

Without methanol, there are some advantages: no toxic, no
need of product purification, higher yield by no concurrent reac-
tion, lower cost of product, etc. These O-CMG derivatives with
different DS could be used as film-forming for packaging or encap-
sulating, designing the new drug carriers, forming beads, micro and
nanoparticles when interaction with positively charged polymers.
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