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ABSTRACT

A glucomannan has been isolated from the tuber of Amorphophallus panomensis by a
simple method without using toxic chemicals. The glucomannan content of the tuber was 4%
(w/w). The structure of the gl was i igated by IR and NMR spectroscopy
b ling that it ists of and glucose units with a mannose/glucose ratio of about
1.00/0.13. The degree of crystallization was investigated by XRD diffraction revealing that the
glucomsarman was amorphous. The molecular weight was determined by viscosimetry to be of
1.2x10° Da.

Keywords: Amorphophallus panomensis, glucomannan, konjac.

1. INTRODUCTION

Amorphophallus sp. 1s a perennial herbaceous herb. It grows in mountain or hilly areas in
subtropical regions mainly in the South East of Asia. It has been used as food and food additives
in China and Japan for more than 1000 years. Glucomannan (GM) is a polysaccharide of the
mannan family, very abundant in nature, specifically in softwoods (hemicellulose), roots, tubers
and many plants bulbs. Despite the variety of sources, the most commonly used type of GM is
named Konjac glucomannan (KGM), which is extracted from tubers of Amorphophallus plants.
Irrespective of its origm, GM is composed of B-1,4-linked D-mannose and D-glucose
monomers. However, the mannose/glucose monomer ratio may vary depending on the original
source of GM. For example, it has been reported that Konjac GM has a molar ratio of around
1 6:1, whereas GMs extracted from Scotch pine and orchid tubers have ratios of 2.1:1 and 3.6:1,
respectively. These values should be regarded cautiously given the variability observed
depending on the studies and, in particular, on the analytical procedures [1, 2].

Studies on glucomannan showed that it has many applications in many fields. Due to its
biogradablility and gel-forming ability, konjac glucomannan can be widely used for drug
delivery such as capsule for chronic stomach disease. Wang ef al reported that a kind of

1gi konjac gl hitosan beads could be used as controlied release matrix [3].
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Glucomannan has very good film-forming ability so several kinds of transparent blend
films of konjac glucomannan with polyacrylamide, gelatin, sodium carboxymethylcellulose,
polyvinyl pyrrolidone, chitosan, sodium alginate and cellulose, were invented [4, 5]. The
occurrence of intra- and intermolecular interaction of the pure components, as well as the
intermolecular interactions between KGM and these substance come from hydrogen bond
formation. Li et al also reported a kind of edible membrane material made from the mixture of
konjac glucomannan and xanthan, which showed better strength and water-resistance than
konjac glucomannan itself [6]. In the patent of Yang et al coating materials containing konjac
glucomannan were invented for preserving fresh produce (e.g. apples). The coating composition
was effective to control respiratory exchange, i.e. the passage of gases, particularly oxygen,
ethylene, carbon dioxide and water vapor, into and out of the produce, thereby controlling
maturation and ripening of the produce [7].

In the field of cosmetics, Omura et al invented a hair composition containing glucomannan
and/or keratose quaternary ammonium derivatives which provided excellent conditioning effect
and moisture-retaining effect without causing stickiness. Some kinds of hair-styling preparations
containing glucomannan with less stlckness and glvmg natural gloss and smoothness to hair.
Some kinds of cosmetic oil-i t ing konjac glucomannan were also
invented [8]. Takada invented a kind of water-insoluble glucomannan gel particles as mild
scrubbing agents for cosmetics. The dried gel particles did not damage the skin and tooth
surface. Therefore they were effective as scrubbing agents [9].

Besides the applications mentioned above, konjac glucomannan and its derivatives were
also used in many other areas: they can be used as biodegradable resin compositions, soil
modifier, soil amendment [9]. In addition, konjac glucomannan powder can be mixed with
powdery or granular charcoal and water and press-molded to charcoal shaped products having
excellent properties in debumidification, deodorization, sound absorption, and electromagnetic

hielding and are ble for water health prod (such as using glucomannan to
lower blood cholesterol and sugar level, help weight loss, promote intestinal activity and
immune function etc) [10].

Being a member of the Araceae (arum) family, Amorphophallus panomensis was expected
to contain polysaccharide, usually named glucomannan, with mannose and glicose units.
Therefore, the aim of this work was to perform lsolauon and characterization (using FTIR,
NMR, X-Ray) of pol haride from Amorphophall: The polysaccharide
obtained is intended to be used in food, as film-] formmg matenal for packagmg or encapsulating
of pharmaceutical and biomedical products, and for designing new drug carriers.

2. EXPERIMENTAL
2.1. Materials

Tubers of Amorphophallus panomensis were collected from hilly area of Lang Son
province of Vietnam. All other chemicals and reagents used were of analytical grade.

2.2. Isolation and purification of poly haride from Amorphophallus tuber
Polysaccharide from the tuber of Amorphophallus panomensis was extracted and purified

as follows: Amorphophallus tubers were sliced to about 8 - 10 mm in thickness, then pulverized
by a mill. The crude flour was dispersed in distilled water and laid for 3 h, the white powder
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(glucomannan) at the bottom was separated and then washed many times with water. Then the
powder was dried at 50 °C and used for further characterization. The glucomannan content (GF)
was calculated using the following formular: GF% = (mi/my)x100 % with m, and m, were
weight of final white powder and original Amorphophallus tubers, respectively.

2.3. Characterization of polysaccharide

FTIR spectrum of the glucomannan was recorded on the FTIR-Impact 410 spectrometer in
the range between 4000 and 400 cm™. 'H-NMR and *C-NMR spectra were recorded on the 500
MHz Bruker Avance sp , the sample ions being about 5 g/l and 20 g/l,
Tespectively, i 0.5N NaOH/D,0 at 353 °K.

The intrinsic viscosity of gluicomannan was measured by Ubbelohde viscometer according
to method of Li et al. Mark-Houwink parameters were fixed according to
=596 x 10M," ™" [6].

X-ray diffraction pattem was analyzed using a Siemens D5000 (Japan) diffractometer
equipped with a CuK, target at 40 kV and 30 mA with a scan rate of 4°/min. The diffraction
angle ranged from 26 = 5° to 20 = 65°.

3. RESULTS AND DISCUSSION

3.1. Isolation of poly haride from Amorphophallus tuber

In recent years, there were many studies on glucomannan and its applications. The isolation
and purification of gl from dmorphophallus plants was one of the most important
part of these studies. According to traditional methods, the isolation and purification process
were often carried out with dried Amorphophallus tubers [S]. However, in our process,
glucomannan could be directly obtained by dispersion of the crude flour in water because of its
low solubility and high density. In this process, the fat and protein were dissolved by water. The
glucomannan content was about 4 % of original tuber. Thus, this glucomannan could be easily
isolated from Amorphophallus tubers without using toxic chemicals. The molecular weight of
glucomannan measured according to method of Li et al. was about 1.2 x 10°Da.

3.2. FTIR analysis

The FTIR spectrum of gl in the wavelength range of 4000 + 400 cm™ 15 shown
in Fig.1.

In the spectrum, the wide band observed at 3000 - 3700cm™ could be attributed to
O-H stretching. The band at 2926 cm™ was attributed to the asymmetric stretching of C-H, while
the band at 1645 cm™ was ascribed to adsorbed water and the bands at 1426 and at 1372 cm” fo
the angular deformation of C-H. The C-O ether bond shows stretching at 1159 cm™ while the C-
O alcohol bond shows stretching at 1082 and 1014 cm™. Peaks from 768 to 927 cm’ were
typical for C-H linkage of B-pyranose ring (glucose and mannose). Those results were in
agreement with those of Liu et al and Jia ez al. [11, 12].

226



er

et Thfﬂl
Content
Ty

Pl
oy
Ellandzo!

Bt g

Gfutey

5. The s
o e
ot e
D O e
x b
dbywz’
mildiez

alrwr

bt
o Chod
0
etk
e

s 7

Nguyen Tien An

sasmT-omo>
9

Figure 1. FTIR spectrum of panomensis glucomannan.

3.3. NMR spectroscopy

The 'H-NMR and “C-NMR spectra of the glucomannan was shown in Fig. 2.
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Figure 2. "H-NMR spectra of panomensis glucomannan in D, at 25°C.

W

The peaks were assigned by comparison with chemical shift data reported in literature [1].
Signals were assigned as follows: H-1 of mannose (& 5.047 ppm); H-1 of glucose (4.993); H-2
of both mannose and glucose (3.423 - 3.440, overlapped); H-3 of mannose (3.292) and that of
glucose (3.307); H-4 of mannose (3.359) and H-4 of glucose (3.375); H-5 of mannose (3.671),
H-5 of glucose (3.690); H-6a and H-6b of mannose and glucose are (3.608), (3.442),
respectively.

It could be seen from Fig. 2 that the signals attributed to hydrogens linked to C2 to C6 of
both glucose and mannose units were not well separated. This was due to the complex nature of
the spectra of polysaccharides. Meanwhile, the signals attributed to H-1 of both glucose unit
(4993 ppm) and mannose unit (5.047 ppm) were well separated. Therefore, the
mannose/glucose ratio in the glucc lecule could be calculated using the H-1 integrals.
According to this method, the mannose/glucose ratio in the glucomannan molecule was
1.00/0.13.
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Figure 3. "C-NMR spectra of panomensis glucomannan in DO at 25°C.

The *C-NMR spectrum (Fig. 3) showed characteristic anomeric signals at 102.39 ppm for
B-D-glucose, and at 101.99 ppm for D- id The C-4 chemical shifts of the
glucosyl and mannosy! units involved in glycosidic linkages were not separated and appeared at
79.56 ppm. The signals at 74.55, 72.90 and 71.77 ppm were assigned to C-5, C-3 and C-2 of
mannose residues, respectively. The characteristic resonances of C-5, C-3 and C-2 of B-1,4-
linked glucose residues were observed at 74.55 (overlapped with the C-5 of mannose unit),
73.54 and 73.32 ppm, respectively. The signals in the high magnetic field at 61.33 and 61.07
ppm were generated by the resonances of nonsubstituted C-6 of glucosyl and mannosy! residues,
respectively. Besides, a low intensity signal at 70.38ppm could be assigned to substituted C-6 of
glucosyl or mannosyl residues. Thus, the results confirmed a linear structure of glucomannan
composed of 1,4-linked D-mannosyl and D-glucosyl units with a mole ratio of 1/0.1 and the B
configuration of glycosidic bond in the main chain and the presence of short side chains at C-6.

3.4. X-ray diffraction

The X-Ray curve of panomensis glucomannan is shown in Fig. 4. As observed, the pattern
of polysaccharide had both sharp peaks at 20 = 15°; 22°; 24°; 26° (quite low intensity) and a
very broad peak around 26 = 25 + 60°. This results showed that the panomensis glucomannan
had both amorphous and crystallized structure.

Figure 4. X-ray diffraction of is gl
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4. CONCLUSIONS

In this study, a glucomannan was isolated in 4 % yield (w/w) from tubers of the
Vi Amorphophall is plant by a simple method without using toxic
chemicals. IRandN'MRspectra dicated that the obtained ists of
B-1,4-linked D-mannosyl and D-glucosyl units with a mole ratio of 1. 00/0 13. The presence of
short side chains at C-6 was also observed. The molecular weight was determined by
viscosimetry to be about 1.2x 10° Da. X-ray diffraction showed that this glucomannan has both
amorphous and crystallized structure.

REFERENCES

1. Ishrud O., Zahid M., Vigar U-A., Pan. Y. - Isolation and Structure Analysis of a
Glucomannan from the Seeds of Libyan Dates, J. Agric. Food Chem, 8 (2001) 3772—
3774.

2. Gao S., Nishinari K. - Effect of deacetylation rate on gelation kinetics of konjac
glucomannan, Colloids Surf. B Biointerfaces 38 (2004) 241-249.

3. Wang K., He Z. - Alginate-konjac glucomannan—chitosan beads as controlled release
matrix, International Journal of Pharmaceutics 244 (2002) 117-126.

4. YuH., Huang A., Xiao C. - Characteristics of konjac glucomannan and poly(acrylic acid)
blend films for controlled drug release, J. Appl. Polym. Sci. 100 (2006) 1561-1570.

5. Ye X, Kennedy I.F., Li B, Xie B. - Condensed state structure and biocompatibility of

dowr. the konjac glucomannan/chitosan blend films, J. Carbohydrate. Polymers 64 (2006) 532—
ndx 538.
sl 6. Li. B, Xie. B., Kennedy. J.F. - Studies on the molecular chain morphology of Konjac

glucomannan, Carbohydrate Polymers 64 (2006) 510-515.

7. Yang L., Yang X M., Petcavich R J., Mao L J. - Coating materials for preserving fresh
produce, United States Patent, 6 (2001) 833.

8. Omura T., Nanba T. - Cosmetic emulsions containing alkyl-modified caroxyvinyl
polymers and glucomannan, Jpn. Kokai Tokkyo Koho JP2001261525 A2, 2001-09-26
(2001).

9. Takada-Oikawa N., Katoh N., Oshida T., Kawanabe S., Kaise T. - Studies on materials
containing polysaccharides as soil amendments 1: effects on animal waste water
purification in a potting experiment, Journal of Material Cycles and Waste Management 2
(2000) 138-142.

10. Vuksan V., Stevenpiper J.L., Owen R., Swilley J.A,, Spadafora P., Jenkins D.J.A.,
Vidgen E., Brighenti F., Josse R., Leiter L.A., Zheng X, Novokmet R. - Beneficial
effects of viscous dietary fiber from Konjac mannan in subjects with the insulin
resistance syndrome: results of a controlled metabolic trial, Diabetes Care 23 (2000) 9
14.

11. LiuP. Y., Zhang S. L., & Zhang X G. - Research and Utilization of Amorphophallus in
China, Acta Botanica Yunnanica, Suppl. X, (1998) 48-61.

12. Jia C. Y. - Quantitative determination of Konjac glucomannan Content, Research and
Exploitation of Natural Products 1 (1984) 42.

229



Nguyen Tien An, et al.

TOM TAT

DAC TRUNG CUA GLUCOMANNAN TU CAY NUA THAI
(AMORPHOPHALLUS PANOMENSIS) 0 VIET NAM

Nguyén Tién An"", B3 Truong Thién’, Nguyén Thi Hoa', Vi Thi Hué', Vii Thi Minh Thy!,
Lal Thi Thu Trang'

"Dai hoc Y Dugc Thai Binh, 373 Ly Bon, Thdi Binh,' Viét Nam
*Vién Hod hoc — Vién Han lam Khoa hopc Viét Nam, 18 Hodng Quéc Viét, Ha Ngi, Viét Nam

"Email: nguventienanvhh@gmail.com

Bai bio ndy trinh bay phuong phdp tich glucomannan tir ci ciy mra thai (Amorphophallus
panomensis) bing phuong phép don gian khong sir dung céc hod chét ddc hai. Ham lwong phin
triim, cau tric hod hoc (xac dinh bang phuong phép phd hong ngoai va phé cing huong tir hat
nhén), mirc d6 két tinh (x4c dinh bing phu'cmg phép do nhidy xa tia X) va khm lwong phan tir
(x4c dinh bing phwrong phap do d6 nhét) cia glucomannan d4 dwgc xdc dinh. Két qua cho thay
ham llm'ng glucomannan trong i mra 14 4 %, khm luong phén tir dat khoang 1,2.10°Da, c6 chu
triic v6 dinh hinh va duge cdu tao tlr céc don vi chu tric 1a mannozo va glucozo véi ti 1¢ twong
g la 1,00/0,13.

Tir khod: Nua thai (Amorphophall is), gluce konjac.
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