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Over the last few decades, polysaccharides have gained increasing attention in the biomedical and drug
delivery fields. Among them, glucomannan (GM), has become a particularly attractive polymer. In this
paper, we review the physicochemical and biological properties which are decisive for the exploitation
of GM as a biomaterial. These properties include the structural organization, molecular weight, solubility,
viscosity, gelling properties and degradation behavior. Moreover, herein we analyze the possibilities of
combining GM with other hydrophilic polymers, as well as the preparation of semisynthetic derivatives
of GM, which may be of interest in the pharmaceutical context. Finally, we discuss the specific applica-
tions of GM in the drug delivery field.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Natural polysaccharides, as well as their derivatives, have
been classically used in pharmaceutical formulations as solubiliz-
ers or adhesives. Over the last few years, the evolution of these
polysaccharides from the concept of “pharmaceutical excipient”
to “bioactive material” has raised their potential use in the de-
sign of drug-delivery carriers. This conceptual change has, par-
tially, been motivated by the recent emphasis in the design of
biomimetic and intelligent drug delivery nanostructures, which
can be recognized and assimilated in the body [1-4]. In fact,
polysaccharides can be used as ligands in order to facilitate the
interaction of a nanostructure with a specific biological surface
[5,6]. As a consequence of these new potential applications, the
number of publications dealing with the use of polysaccharides
for drug delivery has remarkably increased over the last 10 years
(see Fig. 1).

A very promising polysaccharide, which has been lately incor-
porated into the drug delivery field is glucomannan (GM) [7-11].
GM is a hydrocolloidal polysaccharide consisting in p-1,4 linked
mannose and glucose residues [12]. Despite its potential in drug
delivery, most of the review articles about GM have been focused
on its chemical and physicochemical properties, such as chemical
structure, molecular weight, gelation behavior, and ability to inter-
act with other polymers, such as carregeenan or xanthan [13,14].
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Just a few recent reports have only considered the pharmaceutical
and therapeutic applications of GM [15,16]. In this paper, we re-
view the critical aspects about GM, closely related with its promis-
ing utility in the design and development of new drug delivery
systems.

2. Glucomannan: origin and structure

Glucomannan (GM) is a polysaccharide of the mannan family,
very abundant in nature, specifically in softwoods (hemicellulose),
roots, tubers and many plant bulbs [17-23]. Despite the variety of
sources, the most commonly used type of GM is named konjac GM,
which is extracted from tubers of Amorphophallus konjac [24,25].
Irrespective of its origin, GM is composed of B-1,4 linked p-man-
nose and p-glucose monomers (Fig. 2) [12]. However, the man-
nose/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 [20,26]. These values should be regarded cautiously
given the variability observed depending on the studies and, in
particular, on the analytical procedures.

In addition regarding the variable glucose/mannose ratio, the
diverse types of GM may differ in their acetylation degree. The
typical acetylation degree values are 5-10%. On the other hand, it
is known that native GM can be easily acetylated with acetic
anhydride in the presence of a catalyst [27-29].

Despite the information on the GM chemical structure, addi-
tional work is needed in order to fully understand how its structure


mailto:ffmjalon@usc.es
http://www.sciencedirect.com/science/journal/09396411
http://www.elsevier.com/locate/ejpb

454 M. Alonso-Sande et al./European Journal of Pharmaceutics and Biopharmaceutics 72 (2009) 453-462

2006
2005
2004
2003
2002
2001
2000
1999
1998
1997
1996
1995

T T T T T T T 1
0 100 200 300 400 500 600 700 800
Number of publications

Fig. 1. Number of scientific publications published on the topic of hydrophilic p-
olysaccharides in the drug delivery field as function of the publication year. Taken
from CAPLUS and MEDLINE (SCIFINDER SCHOLAR2006 Edition). Keywords entered:
Polysaccharides and Drug Delivery.

Fig. 2. Chemical structure of GM.

and composition affect its physicochemical and pharmaceutical
behavior.

3. Physicochemical properties
3.1. Solubility

Although GM is a hydrophilic molecule, its solubility in
water can be reduced due to the formation of strong hydrogen
bonds after purification or drying processes [30,31]. Among the
parameters that affect the aqueous solubility of GM, the
acetylation degree appears to be particularly important. More
specifically, the presence of acetyl groups in the GM has been
described to inhibit the formation of intramolecular hydrogen
bonds, thus improving the GM solubility [29]. Moreover, a
number of GM derivatives (discussed in Section 5) have been
synthesized in order to increase the GM aqueous solubility. This
versatile solubility behavior could be of special interest for
a variety of pharmaceutical applications that will be Ilater
described.

3.2. Molecular weight

The molecular weight (M,,) of GM has been determined by light
scattering, viscosimetry and Gel Permeation Chromatography
(GPC). One of the main problems in the determination of GM M,,
relies on its limited water solubility. In fact, some of M,, studies

have been performed with GM, which has been chemically modi-
fied in order to increase its solubility in water or other solvents
[30]. Mark-Howinks parameters were fixed according to
7=3.8 x 1072 x M%7 for a solution of konjac GM in water at
25+0.5°C [32].

The most frequently used and commercially available GM has
a M,, in the range of 1.9 x 10°-1 x 10% [30,33,13,14]. Neverthe-
less, there is also the feasibility to depolymerize GM in order
to obtain low M,, GM. This strategy may offer interesting possi-
bilities in the pharmaceutical field. In fact, it is known that the
polymer M,, has an influence on the physicochemical character-
istics of the drug delivery systems [34,10], as well as on their
efficacy in vitro and in vivo. As an example, polymeric nanopar-
ticles based on low M, chitosan showed higher transfection
efficiency in vitro and in vivo, than those prepared with high
M,, chitosan [35,36].

Among the techniques described until now to decrease the GM
M,,, acid, alkaline and enzyme hydrolyses are the most important
[19,37,12,38,39].

It is well known that certain enzymes can convert polysaccha-
rides into oligosaccharides. The complete degradation of the GM
backbone requires the action of B-mannanase, B-mannosidase
and B-glucosidase [40-42].

B-Mannanase is of special interest in polysaccharide degrada-
tion because it catalyzes the random cleavage of B-b-1,4-manno-
pyranosyl linkages. The breakdown of these linkages in GM leads
to mannobiose and mannotriose [43-50]. The ability of p-mannan-
ase to degrade the GM backbone depends on several factors, such
as the number and distribution of the substituents on the backbone
and the ratio of glucose to mannose [51]. This enzyme is in bacteria
(Bacillus sp., Aeromonas sp., Penicillium sp., Pseudomonas sp. or Vib-
rio sp.) [52-57] fungi (Streptomyces sp., Tyromices sp., Trichosporum
sp., Sclerotium sp. and Aspergillus sp.) [58-62,50], as well as in
plants (A. konjac) [40], in animals [63,49] and in the colonic region
of humans [64,65].

The enzyme B-mannosidase, which catalyzes the removal of p-
mannose residues from B-1,4-linked manno-oligosaccharides,
leads to the conversion of GM into p-mannose [43,66]. As in the
case of mannanase, this enzyme is present in many microorgan-
isms, plants and animal tissues [67].

Finally, the degradation by B-glucosidase occurs only at a termi-
nal glucose unit and stops at terminal oxidized residues or man-
nose units [68] (Fig. 3).

Glucomannan
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Complete glucomannan enzymatic degradation

Fig. 3. Scheme of the enzymatic degradation of GM.
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With respect to the influence of GM properties on its enzymatic
degradation, some studies have shown that the acetyl groups inhi-
bit B-mannanase and p-mannosidase activity [62,69].

3.3. Gelation properties

The knowledge of the GM gelation mechanism, as well as the
variables that affect this process, is useful in the design and under-
standing of the mechanism of formation of GM-based delivery sys-
tems. GM gels can be prepared by heating a GM solution
containing alkaline compounds or higher amounts of neutral salt
[33,70]. The gelation process occurs due to the interaction of the
GM acidic moieties with alkalis [71]. This interaction induces
structural changes in the GM molecules, which facilitate the estab-
lishment of hydrogen bonds and hydrophobic interactions be-
tween the GM chains, consequently, leading to the formation a
network gel structure (Fig. 4) [27,33,14,71,29].

There are a number of parameters which affect the GM gelation
behavior and, thus, the properties of the final gel structure. These
parameters are the GM acetylation degree, the GM M,,, the temper-
ature and also the concentration of both GM and the alkali involved
in the gelation process (see Table 1). The specific influence of each
parameter is described as follows.

Since acetylation hinders the aggregation of GM, the increase in
the GM acetylation degree leads to a delay in the gelation process
[71,29]. On the contrary, gelation is favored when the M,,, alkali
concentration or temperature increases. This is not only due to
the enhancement of the interactions between GM chains [14],
but also due to the formation of hydrogen bonds in the junction
zones requiring energy [27,71,14,29].

At low GM concentrations, the formation of the GM gel is im-
paired by the distance between molecules. In this situation a pre-
vious deacetylation process is required in order to facilitate the
approximation of the GM molecules. However, at high GM concen-

Acetyl
residues

Alkalis or
Salts

GM chains

Hydrogen bonds

Deacetylation

process
Hydrophobic
l Interactions
Junctions zones
GM GEL

Fig. 4. Scheme of gelation mechanism of GM.

Table 1
Influence of different variables on the gelation mechanism of GM

Variable Gelation mechanism

| Acetylation degree T Formation of hydrogen Promote the formation of GM
bonds gel
1 Number of junction zones

1 Length of connecting chains

T GM concentration T Number of molecules

1 Proximity between

molecules

1 Formation of hydrogen

bonds

1 Deacetylation process

1 Formation of hydrogen

bonds

1 GM M,

1 Temperature

1 Alkali
concentration

trations the proximity of GM molecules promotes the interaction
between them, favoring the formation of the network
[33,27,14,71,29].

4. Interaction of glucomannan with other polymers

The possibility to combine GM with other polymers increases
its versatility in the drug delivery field. In fact, the interaction of
GM with other polysaccharides has been extensively investigated
in order to produce new gels with improved gelling properties
[72-74].

Carrageenan, xanthan, acetan, gellam gum, alginate and chito-
san are some examples of polysaccharides which were combined
with GM [75,31,76,14,24,25].

4.1. Interaction with kappa carrageenan

Kappa carrageenan forms thermoreversible gels and its gelation
depends on the temperature, concentration of counterions or other
polysaccharides. More specifically, its interaction with GM gives
thermoreversible gels [75], in which the structure is affected by
the GM M,, [31] and also by the addition of a small amount of sug-
ars [13].

The potential of these hydrogels for drug delivery applications
has been suggested [77]. However, so far we have not found any
evidence of this in the literature.

4.2. Interaction with xanthan

Xanthan gum does not naturally gel at any concentration, how-
ever gelification can be induced by temperature, ionic strength of
the solution, the pH and the type of electrolyte (K*, Cs*, Na*
NH,*, Ba®*, Mg?*, Ca?*). The interaction with GM is ruled by a pre-
ferred stoichiometry, where the ratio xanthan:GM is 1:2 [78-80].

It has been recently reported the application of xanthan-GM
gels and solutions as drug delivery systems of macromolecules
and low M,, drugs has been recently reported [80-82].

4.3. Interaction with acetan (xylinan)

The polysaccharide acetan, secreted by the bacterium Acetobac-
ter xylinum, has a similar chemical structure to xanthan [83,84]. It
has been reported that deacetylation of acetan provides stability to
the molecule and improves the establishment of intermolecular
binding with GM [85,86,76], obtaining transparent thermorevers-
ible gels at sufficiently high polymer concentrations and theoreti-
cal deacetylated acetan/GM ratios above 6/4 [76].

To our knowledge, there are no references on the use of acetan-
GM complexes for drug delivery. However, taking into account the
similar chemical structure reported for xanthan and acetan, com-
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parable applications could be allocated to both these polymers and
to their combination with GM.

4.4. Interaction with gellan gum

The interaction of gellan gum with GM molecules is promoted
with increasing concentration of cations, such as sodium or cal-
cium. However, an excessive salt content leads to a separation
phase, caused by the formation of aggregates of gellam gum helices
with different thermal stabilities [87,14].

With regard to the drug delivery applications of gellam gum-
GM mixtures, the only report found in the literature refers to
blended films as releasing active agent systems for food packaging
purposes [88].

4.5. Interaction with alginate

Previous studies have shown that the interaction between GM
and alginate is mediated by hydrogen-binding and electrostatic
interactions [24,8]. This interaction has been the basis for the for-
mation of GM-alginate beads intended for the controlled delivery
of proteins [8]. In this work it was shown that the introduction
of GM led to the formation of stronger and more stable gels than
those composed only of alginate.

4.6. Interaction with chitosan

Using IR and X-ray spectroscopy it was found that the inter-
action between chitosan and GM is due to the formation of
intermolecular hydrogen bonds between the amine groups of
chitosan and the hydroxyl and carboxymethyl groups of GM
[25,8].

The combination of GM with chitosan has been reported to
offer an interesting potential in the drug delivery field. In fact,
films, beads, micro and nanoparticles have been prepared, based
on the combination of these polymers, and presented as new
drug and protein carriers [25,8,11,10,9,89-91]. These specific
applications will be described in detail at the end of this review
article.

5. Glucomannan derivatives

The poor water solubility of GM [30,31,68] together with its
specific advantages [14,13,65] has motivated active research
towards the formation of GM derivatives of different solubility.
Indeed, the most frequent chemical modification of GM has been
intended to obtain derivatives with improved solubility proper-
ties and/or enhanced capacity to interact with other polymers
(Table 2).

Table 2
Characteristics of semisynthetic GM derivatives

Derivative Main characteristics

Dicarboxy-GM Negative charge
Higher water solubility
Negative charge

Higher water solubility

Carboxymethylated-GM

Methylated-GM Non charge

Higher water solubility
Tosylated-GM Non charge

Higher solubility in organic solvents
Palmitoyl-GM Non charge

Water in oil emulsifier
Benzoyl-GM Non charge

Higher solubility in polar solvents
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Fig. 5. Chemical structure of dicarboxy-GM.

5.1. Dicarboxy-GM

Matsumura et al. [92] proposed the preparation of dicarboxy-
GM, a negatively charged derivative, which presents carboxylic
groups between the sugar residues and at C-3 position (Fig. 5). This
chemical modification has resulted in an important increase in GM
water 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 mod-
ification may also affect its biological activity.

For example, Ohya and co-workers found that the inherent abil-
ity of GM to stimulate macrophages could be modulated by varying
the dicarboxy substitution degree [5,68].

5.2. Methylated-GM

The methylation of GM (Fig. 6) has also been aimed at increas-
ing the water solubility of this polysaccharide. This modification
was first proposed by Kishida et al., in 1979, in order to improve
the rheological properties of GM [93,94].

Up to now, no pharmaceutical or medical application has been
specifically reported for this derivative; however, it can be deduced
that the increase of GM water solubility could promote its use as a
pharmaceutical excipient.

5.3. Carboxymethylated-GM

A high degree of substitution (DS) (DS > 0.1), in carboxymethy-
lated-GM (Fig. 7), leads to a soluble product in water. This deriva-
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Fig. 6. Chemical structure of methylated-GM.
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Fig. 7. Chemical structure of carboxymethylated-GM.
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Fig. 8. Chemical structure of tosylated-GM.

tive is a negatively charged polyelectrolyte, which is susceptible to
interacting with positively charged polymers by electrostatic
attraction [95,96,68].

A biomedical application of this derivative has been reported by
Du et al. [9,89,90], who prepared polyelectrolyte chitosan-carbo-
xymethylated-GM nanoparticles by simple mixing of both poly-
mers using sonication.

5.4. Tosylated-GM

A few years ago, Takechi et al. synthesized tosylated-GM
(Fig. 8), with the idea of improving the solubility of GM in a variety
of organic solvents [97]. Although this derivative offered certain
advantages in pharmaceutical technology, the most attractive use
of this derivative is as a precursor in polysaccharide chemistry. In-
deed, the tosyl group is a good leaving group, allowing the easy
modification on this position [97].

5.5. Palmitoyl-GM

Various degrees of palmitoylated GM were prepared by Tian
and colleagues following a heterogeneous method previously re-
ported by Fujii [98]. This synthesis was based on similar work on
chitosan [99] and cellulose [100]. It was found that palmitoylat-
ed-GM may work as a water in oil (w/o) and oil in water (o/w)
emulsifier, being active at very low concentrations (0.1-0.01%)
[101]. Despite this specific application, no references were found
reporting the use of palmitoylated-GM in the drug delivery field.

5.6. Benzoyl-GM

Benzoyl-GM (Fig. 9) with a degree of substitution of 1.6 is
highly soluble in polar solvents. This derivative plays an important
role in coating films, enhancing the mechanical properties and
water resistively of the coated films [102]. The use of benzoyl-
GM has been reported for the preparation of coating films
[103,104]; however, no reference has been published on its use
in the drug delivery field.

(@]
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Fig. 9. Chemical structure of benzoyl-GM.

5.7. Glucomannan grafted acrylic acid

The preparation of the GM-grafted acrylic acid co-polymer was
performed by free radical polymerization, leading to the introduc-
tion of the acrylic acid at the C1 position. The application of this
derivative was aimed at the preparation of hydrogels for colonic
drug delivery. The combination of both ingredients was chosen
in order to obtain a more selected release at the colonic level. This
hypothesis was supported by the biodegradation behavior of GM
and pH dependence of acrylic acid [105].

5.8. Natural derivatives of glucomannan

Finally, besides the chemically synthesized derivatives of GM,
there is a class of natural derivatives of GM, such as those obtained
from the bacteria Candida utilis. This variety of GM is characterized
by the presence of phosphate groups, a high content in mannose
(mannose:glucose ratio 11.4:1) and o-1,6 linkages in the main
backbone. Moreover, in contrast to the ordinary GM, the phosphor-
ylated derivative presents low molecular weight (around 150 kDa)
and high solubility in water and polar solvents, such as acetone and
ethanol.

The negative charge of this derivative is a very attractive char-
acteristic for its application in the pharmaceutical field. For exam-
ple, our group has extensively investigated the formation and drug
delivery applications of nanoparticles, made of chitosan and phos-
phorylated GM [10,11].

6. Biopharmaceutical applications

Traditionally, the use of konjac flour has been related with food
applications. Indeed, konjac GM is a health product widely used in
Asian countries and the United States for its unique properties. This
thickening agent presents an extraordinary water absorption
capacity, a unique viscosifying action and a synergistic behavior
with other gums. In fact, konjac GM has been used to improve
the bread texture, as a dietary fiber, etc. However, recently this
polymer has gained increasing importance in the biomedical and
pharmaceutical fields. More specifically, these applications include
(see Table 3):

6.1. Glucomannan as a bioactive polymer

Although GM is not currently considered a drug, some biologi-
cal effects described in the literature suggest its potential as a bio-
active polymer. For example, GM has been found to decrease the
serum glucose levels following oral administration to diabetes type
2 rats. This hypoglycemic effect was attributed to the inhibition of
carbohydrate absorption [106-108] and also to the decrease of the
postprandial insulin flow [109]. On the other hand, some studies

Table 3

GM biomedical and pharmaceutical applications

Applications Advantages

Biomedical Obesity Weight loss
Cholesterol Decrease LDL cholesterol levels
Diabetes type 2 Decrease the carbohydrate absorption
Cancer Antitumor activity against sarcoma-180

solid tumor

Pharmaceutical Pharmaceutical Sustained release profiles

forms Increase of stability

Improve the interaction between polymers
Enhance protein association

Antiseptic coating

Recognize mannose receptors

Coating
Targeting
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performed in rodents have suggested the activity of GM as a
growth inhibitor of solid tumors, such as sarcoma [110-112].
Unfortunately, this effect and the corresponding mechanism of ac-
tion have not been evaluated in further detail.

6.2. Pharmaceutical applications of glucomannan

GM has been investigated as a pharmaceutical excipient in tab-
lets, films, beads and hydrogels, due to its gelling, solubility and
biodegradable properties [7,8,25]. Interestingly, recent work in this
field has highlighted the potential of GM for the targeting of nano-
carriers to specific receptors, i.e., the mannose receptors on the cell
surface [113]. This mannose receptor is a 180-kDa transmembrane
protein with five domains, able to recognize several sugars, such as
mannose [114]. This hypothesis is supported by previous reports
which have shown that the presence of mannose residues on the
particle surface increases their uptake by the M cells [115,5] and
macrophages [6], where the mannose receptors are overexpressed.

6.2.1. Glucomannan-based films

A number of recent articles have described the preparation of
films made of GM or its derivatives in combination with other
polymers [116,88,117-119,95,120,25,24,121]. Among them, GM-
methylcellulose and GM-poly(acrylic)acid films have been found
particularly promising for drug delivery [116,88]. The role of GM
in these films is the modulation of their swelling properties and,
hence, their ability to control drug release.

6.2.2. Glucomannan-based beads

Beads made of GM in combination with other polymers have
been prepared in order to be used for protein delivery [8]. The re-
sults have shown that the incorporation of GM into the alginate
beads causes, not only the modification of the particle surface,
but also the different disposition of the components inside the net-
work. The resulting beads exhibited an improved protein-loading
capacity and also a pH-dependent swelling behavior.

6.2.3. Glucomannan-based hydrogels

Due to the fact that GM is degraded by the enzymes secreted by
the colonic bacteria, some authors have underlined the potential of
GM-based hydrogels for colonic drug delivery [118,119,105]. These
hydrogels were prepared using combinations of GM with acrylic
acid or sodium tripolyphosphate. In addition, in order to achieve
a selective colonic drug delivery, GM hydrogels were also formed
using azo polymers as cross-linkers. It was concluded that GM is
responsible for the enzymatic degradation of hydrogels, and thus,
for the resulting drug release from the systems.

The formation of hydrogels from oxidized konjac GM and chito-
san has been reported very recently [116]. In this gel GM works as
a crosslinker agent for chitosan, thus improving the controlled re-
lease properties of the resulting hydrogels.

6.2.4. Glucomannan-based microparticles

We have recently developed GM and chitosan-GM microparti-
cles intended for pulmonary drug delivery using a spray-drying
technique. The results showed that the morphology and surface
appearance of the microspheres, as well as their densities and
aerodynamic diameters, are closely dependent on their composi-
tion (presence and amount of GM) (Fig. 10). Furthermore, studies
performed on well-differentiated Calu-3 cells showed the ability
of these chitosan-GM microspheres to closely interact with the
mucus layer, remaining adhered to the epithelium [122].

6.2.5. Glucomannan-based nanoparticles
Nanoparticles made of carboxymethylated-GM and chitosan
have been prepared by electrostatic interaction between the nega-

Fig. 10. SEM photograph of GM microspheres.

tive carboxylic groups of carboxymethylated-GM and the positive
amino groups of chitosan, followed by a sonication step [89]. These
nanoparticles exhibit a positive charge, and a size that can be mod-
ulated within the range of 50-1200 nm, depending on the polymer
concentration. Additionally, these nanoparticles elicited an ability
to entrap and release bovine serum albumin (BSA) [9,89,90]. The
introduction of GM in these formulations was intended to increase
their stability and their controlled release properties.

Similarly, in our lab, we have developed a new protein particu-
late carrier made of GM and chitosan. The difference with the
above-mentioned nanoparticles relies on the preparation tech-
nique, which, in our case, was based on an ionotropic gelation pro-
cess [10]. These nanoparticles are obtained spontaneously by the
simple mixing of the components. These very mild conditions
make this approach very attractive for the association of delicate
macromolecules to the nanoparticles. The interaction between
both polymers, GM and chitosan, is expected to be driven by
hydrophobic interactions and hydrogen bonds. Moreover, the pres-
ence of TPP (sodium tripolyphosphate) helps to build up the nano-
structure, resulting in round and homogeneous nanoparticles.

As expected, these nanoparticles exhibited an improved stabil-
ity in ionic media and a delayed protein release [10,11]. This delay
could be explained by the higher crosslinking degree of chitosan
nanogels impaired by the presence of GM [8,10,7]. Furthermore,
the results from our group have shown that the introduction of
GM into the nanoparticles leads to a facilitated interaction with
the intestinal epithelium both in vitro and in vivo [123,124]. In
summary, GM-chitosan nanoparticles offer attractive features as
carriers for transmucosal drug delivery applications (Fig. 11).

7. In vivo degradation of glucomannan

Traditionally, konjac GM has been considered a polymer non-
susceptible to biodegradation in the human body. However, re-
cently a number of GM-degrading enzymes have been identified
in some microorganisms which are present in the human gut flora
such as Aerobacter mannanolyticus, Clostridium butyricum and Clos-
tridium beijerinckii. These bacteria produce endo-p-mannanase, an
enzyme that catalyzes the cleavage of the p-1,4 linkages of GM to
produce mainly the disaccharides p-1,4-p-mannobiose, cellobiose
and 4-0-B-p-glucopyranosyl-p-glucopyranosyl-p-mannopyranose.
These intermediate products are finally degraded to glucose and/
or mannose by intestinal bacteria. Additionally, the monosaccha-
rides serve as a carbon source for the proliferation of intestinal bac-
teria, which ferment them into short-chain fatty acids (mainly
acetic, propionic and butyric acid) (Fig. 12). These fermentative
products can be absorbed across the intestinal wall and metabo-
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Fig. 12. Scheme of the in vivo degradation of GM.

lized efficiently [64,65]. In fact, it is known that short-chain fatty
acids are rapidly absorbed from the colon of humans [125,126].
Consequently, these results indicate that GM is a biodegradable
polymer, of which the degradation products are natural com-
pounds present in the human body.

8. Toxicity of glucomannan

It is well known that GM has been traditionally used as a food
additive in China and Japan, most specifically as a dietary fiber
and, hence, considered good for health [14]. Despite this long-last-
ing tradition, the results of the toxicity studies are very promising
but still limited. For example, several authors have found no evi-
dence of toxicity in rats after the long-term feeding of rats with a
GM dose equivalent to an intake of 500 mg/kg body weight per
day [127,128]. Other authors have performed more detailed toxic-
ity studies aimed at identifying signs of toxicity such as oral toxic-

ity, sensitization studies in the skin, sub-acute and sub-chronic
intestinal toxicity studies, cell-aging, embryocitoxicity and geno-
toxicity studies [129,130]. Interestingly, none of these studies has
revealed significant signs of toxicity and only minor side-effects,
such as diarrhea, abdominal pain and flatulence, were reported at
doses higher than 5 g/day [131-133].

Finally, concerning the regulatory aspects, in 1996 the European
Commission in its “Report of the scientific committee for food”
(41st series) considered that even when the GM toxicity studies
were not enough to establish an Acceptable Daily Intake (ADI)
“the use of konjac gum as an additive at intended levels up to 1%
in food is acceptable provided that the total intake from all sources
did not exceed 3 g/day”.

9. Conclusion

The polysaccharide GM and the family of related polymers pres-
ent very attractive characteristics from the biopharmaceutical
point of view. Over the last few years a number of GM-based drug
delivery systems, intended for their administration by different
routes, have been designed. More specifically, hydrogels, beads,
micro and nanoparticles made of GM or its derivatives have been
obtained and evaluated for their ability to associate and deliver
drugs. Even if the interest of the pharmaceutical field for GM is still
recent, a general conclusion is that GM is a promising and versatile
polysaccharide for the preparation of new drug delivery systems.

Acknowledgements

The authors thank the Spanish Ministry of Education (SAF2003-
08765-C03-03; SAF2002-03314; FEDER 1FD97-2363) and Xunta de
Galicia (PGIDITO3PXIC20301PN: Incentivo del proyecto SAF 2002-
03314) for the financial support of some of the work included in
this review. M. Alonso Sande acknowledges the Predoctoral grant
(FPU-MEC) from the Spanish Government.

References

[1] J.-M. de la Fuente, S. Penades, Glyconanoparticles: types, sintesis and
applications in glycoscience, biomedicina and material science, Biochim.
Biophys. Acta 1760 (2006) 636-651.

[2] M.-]. Alonso, A. Sanchez, Biodegradable nanoparticles as new transmucosal
drug carriers, ACS Symp. Ser. 879 (2004) 283-295.

[3] K.-A. Janes, P. Calvo, M.-]. Alonso, Polysaccharide colloidal particles as delivery
systems of macromolecules, Adv. Drug Del. Rev. 47 (2001) 83-97.

[4] R. Challa, A. Ahuja, J. Ali, R.-K. Khar, Cyclodextrins in drug delivery: an
updated review, AAPS Pharm. Sci. Tech. 6 (2005) 329-357.

[5] H. Tomizawa, Y. Aramaki, Y. Fujii, T. Hara, N. Suzuki, K. Yachi, H. Kikuchi, S.
Tsuchiya, Uptake of phosphatidylserine liposomes by rats Peyer’s patches
following intraluminal administration, Pharm. Res. 4 (1993) 549-552.

[6] Z. Cui, C.-H. Hsu, R.-J. Mumper, Physical characterization and macrophage cell
uptake of mannan-coated nanoparticles, Drug Dev. Ind. Pharm. 6 (2003) 689-
700.

[7] M. Nakano, K. Takikawa, T. Arita, Release characteristics of dibucaine
dispersed in konjac gels, J. Biomed. Mater. Res. 13 (1979) 811-819.

[8] K. Wang, Z. He, Alginate-konjac glucomannan-chitosan beads as controlled
release matrix, Int. J. Pharm. 244 (2002) 117-126.

[9] J. Du, R. Sun, S. Zhang, L.-F. Zhang, Ch.-D. Xiong, Y.-X. Peng, Novel
polyelectrolyte carboxymethyl konjac glucomannan-chitosan nanoparticles
for drug delivery. 1. Physicochemical characterization of the carboxymethyl
konjac, Biopolymers 18 (2005) 1-8.

[10] M. Alonso-Sande, M. Cuiia, C. Remuiian-Lépez, D. Teijeiro-Osorio, J.-L. Alonso-
Lebrero, M.-J. Alonso, Formation of new glucomannan-chitosan nanoparticles
and study of their ability to associate and deliver proteins, Macromolecules
39 (2006) 4152-4158.

[11] M. Cuiia, M. Alonso-Sande, C. Remufian-Lépez, J.-P. Pivel, J.-L. Alonso-Lebrero,
M.-]J. Alonso, Development of phosphorylated glucomannan-coated chitosan
nanoparticles as nanocarriers for protein delivery, J. Nanosci. Nanotechnol. 8
(2006) 2887-2895.

[12] M. Maeda, H. Shimahara, N. Sugiyama, Detailed examination of the branched
structure of konjac glucomannan, Agric. Biol. Chem. 44 (1980) 245-252.

[13] V. Davé, S.-P. McCarthy, Review of konjac glucomannan, J. Env. Polym.
Degrad. 4 (1997) 237-241.

[14] K. Nishinari, Konjac glucomannan, Dev. Food Sci. 41 (2000) 309-330.



460 M. Alonso-Sande et al./European Journal of Pharmaceutics and Biopharmaceutics 72 (2009) 453-462

[15] A. Gonzalez-Canga, N. Fernandez Martinez, A.-M. Sahagun, J.-J. Garcia Vieitez,
M.-]. Diez Liebana, A.-P. Calle Pardo, L.-J. Castro Robles, M. Vega Sierra,
Glucomannan: properties and therapeutic applications, Nutr. Hosp. 19 (2004)
45-50.

[16] Y. Zhang, B. Xie, X. Gan, Advance in the applications of konjac glucomannan
and its derivatives, Carbohydr. Polym. 60 (2005) 27-31.

[17] H.-O. Bouveng, T. Iwasari, B. Lindberg, H. Meier, Studies on glucomannans
from Norwegian spruce. 4. Enzymic hydrolysis, Acta Chem. Scand. 17 (1963)
1796-1797.

[18] T.-E. Timell, Wood hemicelluloses: Part I, Adv. Carbohydr. Chem. 19 (1964)
247-302.

[19] Y. Nozawa, Y. Hiraguri, Y. Ito, Studies on the acid stability of neutral
monosaccharides by gas chromatography with reference to the analysis of
sugar components in the polysaccharides, . Chromatogr. 45 (1969) 244-249.

[20] G. Franz, Biosynthesis of salep mannan, Phytochemistry 10 (1973) 2369-2373.

[21] L. Kenne, K.-G. Rosell, S. Svensson, Distribution of the O-acetyl groups in pine
glucomannan, Carbohydr. Res. 1 (1975) 69-76.

[22] 0. Ishrud, M. Zahid, U.-A. Viqar, Y.-]. Pan, Isolation and structure analysis of a
glucomannan from the seeds of Libian dates, Agric. Food Chem. 8 (2001)
3772-3774.

[23] D.I Rhodes, B.-A. Stone, Proteins in walls of wheat aleurone cells, J. Cereal Sci.
1(2002) 83-101.

[24] Ch. Xiao, S. Gao, L. Zhang, Blend films from konjac glucomannan and sodium
alginate solutions and their preservative effect, J. Appl. Polym. Sci. 3 (2000)
617-626.

[25] Ch. Xiao, S. Gao, H. Wang, L. Zhang, Blend films from chitosan and konjac
glucomannan solutions, J. Appl. Polym. Sci. 4 (2000) 509-515.

[26] A.-]. Buchala, G. Franz, H. Meier, Glucomannan from the tubers of Orchis
morio, Phytochemistry 13 (1974) 163-166.

[27] K. Maekaji, Determination of acidic component of konjac mannan, Agric. Biol.
Chem. 42 (1978) 177-178.

[28] B. Koroskenyi, S.-P. McCarthy, Synthesis of acetylated konjac glucomannan
and effect of degree of acetylation on water absorbency, Biomacromolecules
2 (2001) 824-826.

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

[30] N.Kishida, S. Okimasu, T. Kamata, Molecular weight and intrinsic viscosity of
konjac glucomannan, Agric. Biol. Chem. 42 (1978) 1645-1650.

[31] K. Kohyama, H. Lida, K. Nishinari, A mixed system composed of different
molecular weights konjac glucomannan and kappa carrageenan: large
deformation and dynamic viscoclastic study, Food Hydrocolloids Oxford 7
(1993) 213-226.

[32] Y. Guang, L. Zhang, Y. Chihiro, M. Ikuya, I. Miki, O. Kunihiko, Blend
membranes from cellulose/konjac glucomannan cuprammonium solution, J.
Membr. Sci. 139 (1998) 47-56.

[33] EM. Ozu, ILC. Baianu, LS. Wei, Physical and chemical properties of
glucomannan gels and related polysaccharides, Phys. Chem. Food Process. 2
(1993) 487-517.

[34] C. Schatz, ].M. Lucas, C. Viton, A. Domard, C. Pichot, T. Delair, Formation and
properties of positively charged colloids based on polyelectrolyte complexes
of biopolymers, Langmuir 20 (2004) 7766-7778.

[35] M. de la Fuente, B. Seijo, M.]. Alonso, in: Proceedings of 33rd Meeting of the
Controlled Release Society, Viena, 2006.

[36] N. Csaba, M. Kopping-Hoggard, E. Fernandez-Megia, R. Novoa-Carballal, M.J.
Alonso, in: Fifth World Meeting on Pharmaceutics, Biopharmaceutics and
Pharmaceutical Technology, Geneve, Switzerland, 2006.

[37] K. Kato, T. Watanabe, K. Matsuda, Studies on the chemical structure of
konjac mannan, II, isolation and characterization of oligosaccharides from
the enzymatic hydrolyzate of the mannan, Agric. Biol. Chem. 34 (1970)
532-539.

[38] H. Chiura, M. Lizuka, T. Yamamoto, A glucomannan as an extracellular
product of Candida utilis. 11. Structure of a glucomannan: characterization of
oligosaccharides obtained by partial hydrolysis, Agric. Biol. Chem. 46 (1982)
1733-1742.

[39] J.-A. Hansson, N. Hartler, Alkaline degradation of pine glucomannan,
Holzforschung 24 (1970) 54-59.

[40] N. Sugiyama, H. Shimahara, T. Andoh, M. Takamoto, Mannan and related
compounds. II. Konjac-mannanase from the tubers of Amorphophallus konjac,
Agric. Biol. Chem. 1 (1973) 9-17.

[41] H. Shimahara, H. Suzuki, N. Sugiyama, K. Nisizawa, Partial purification of p-
mannanase from the konjac tubers and their substrate specificity in relation to
the structure of konjac glucomannan, Agric. Biol. Chem. 39 (1975) 293-299.

[42] R.P. de Vries, ]. Visser, Aspergillus enzymes involved in degradation of plant
cell wall polysaccharides, Microbiol. Mol. Biol. Rev. 65 (2001) 497-522.

[43] T. Reese, Y. Shibata, B-Mannanases of fungi, Can. J. Microbiol. 11 (1965)
167-183.

[44] KW. Eriksson, M. Winell, Purification and characterization of a fungal
B-mannanase, Acta Chem. Scand. 22 (1968) 1924-1934.

[45] N. Yamazaki, M. Sinner, H.H. Drietrichs, Isolation and properties of B-1,
4-mannanase from Aspergillus niger, Holzforschung 4 (1976) 101-109.

[46] B.V. McCleary, N.K. Mathesen, Action patterns and substrate-binding
requirements of B-p-mannanase with mannosaccharides and mannan-type
polysaccharides, Carbohydr. Res. 119 (1983) 191-219.

[47] A. Civas, R. Eberhard, P. le Dizet, F. Petek, Glycosidases induced in Aspergillus
tamarii. Secreted o-p-galactosidase and B-p-mannanase, Biochem. J. 219
(1984) 857-863.

[48] L. Viikari, A. Kantelinen, J. Sundquist, M. Linko, Xylanases in bleaching: from
an idea to the industry, FEMS Microbiol. Rev. 13 (1994) 335-350.

[49] L. Viikari, M. Tenkanen, J. Buchert, M. Rattd, M. Bailey, M. Siika-Ako, M. Linko,
Hemicellulases for industrial applications, in: J.N. Saddler (Ed.),
Biotechnology in Agriculture, Bioconversion of Forest and Agricultural Plant
Residues, C.A.B. International, Wallingford, 1993, pp. 131-182.

[50] P. Ademark, A. Varga, J. Medve, V. Harjunpaa, T. Drakenberg, F. Tjerneld, H.
Stalbrand, Softwood hemicellulose-degrading enzymes from Aspergillus niger:
purification and properties of a B-mannanase, ]. Biotechnol. 63 (1998) 199-200.

[51] B.V. McCleary, Comparison of endolytic hydrolases which depolymerise 1,4-
B-p-mannan, 1,5-o-L-arabinan and 1,4-beta-p-galactan, in: G.F. Leatham, M.E.
Himmel (Eds.), Enzymes in Biomass Conversion, ACS Symposium Series 460,
American Chemical Society, Washington, DC, 1991, chapter 34.

[52] S. Emi, J. Fukumoto, T. Yamamoto, Crystallization and some properties of
mannanase, Agric. Biol. Chem. 36 (1972) 991-1001.

[53] T. Akino, N. Nakamura, K. Horikoshi, Characterization of three p-mannanases
of an alkalophilic Bacillus sp., Agric. Biol. Chem. 52 (1988) 773-779.

[54] T. Araki, Purification and characterization of an endo-p-mannanase from
Aeromonas sp. F-25, ]. Fac. Agric. Kyushu Univ. 27 (1983) 89-98.

[55] I. Kusakabe, G.G. Park, N. Kumita, T. Yasui, K. Murakami, Specificity of B-
mannanase from Penicillium purpurogenum for konjac glucomannan, Agric.
Biol. Chem. 2 (1988) 519-524.

[56] L. Yamaura, T. Matsumoto, M. Funatsu, Y. Funatsu, Purification and some
properties of endo-1,4-B-p-mannanase from Pseudomonas sp. PT-5, Agric.
Biol. Chem. 54 (1990) 2425-2427.

[57] Y. Tamaru, T. Araki, H. Amagoi, H. Mori, T. Morishita, Purification and
characterization of an extracellular B-(1,4)-mannanase from a Marine
Bacterium, Vibrio sp. strain MA-138, Appl. Environ. Microbiol. 61 (1995)
4454-4458.

[58] R. Takahashi, I. Kusakabe, S. Kusama, Y. Sakurai, K. Muramaki, A. Maekawa, T.
Suzuki, Structures of glucomanno-oligosaccharides from hydrolytic products
of konjac glucomannan produced by a B-mannanase from Streptomyces sp.,
Agric. Biol. Chem. 48 (1984) 2943-2950.

[59] M. Ishihara, K. Shimizu, Hemicellulases of brown rotting fungus Tyromices
palustris. IV. Purification and some properties of an extracellular mannanase,
Mozukai Gakkaishi 12 (1980) 811-818.

[60] K. Shimizu, M. Ishihara, Isolation and characterization of oligosaccharides
from the hydrolysate of larch wood glucomannan with endo-p-mannanase,
Agric. Biol. Chem. 47 (1983) 949-955.

[61] Y. Oda, T. Komaki, K. Tonomura, Purification and properties of extracellular p-
mannanases produced by Enteroccocus casseliflavus FL2121 isolated from
decayed konjac, ]. Ferment. Bioeng. 76 (1993) 14-18.

[62] G.M. Guebitz, M. Hayn, W. Steiner, Mannan-degrading enzymes from
Sclerotium rolfsii: characterization and synergism of two endo-B-
mannanases and a B-mannosidase, Bioresour. Technol. 58 (1996) 127-
135.

[63] R.F.H. Dekker, G.N. Richards, Hemicellulases: their occurrence, purification,
properties, and mode of action, Adv. Carbohydr. Chem. Biochem. 32 (1976)
277-352.

[64] N. Nakajima, Y. Matsuura, Purification and characterization of konjac
glucomannan degrading enzyme from anaerobic human intestinal
bacterium, Clostridium butyricum-Clostridium beijerinkii group, Biosci.
Biotech. Biochem. 61 (1997) 1739-1742.

[65] Y. Matsuura, Degradation of konjac glucomannan by enzymes in human feces
and formation of short-chain fatty acids by intestinal anaerobic bacteria, ].
Nutr. Sci. Vitam. 44 (1998) 423-436.

[66] P. Ademark, J. Lundqvist, P. Higglund, M. Tenkanen, N. Torto, F. Tjerneld, H.
Stalbrand, Hydrolytic properties of a B-mannosidase purified from Aspergillus
niger, ]. Biotechnol. 75 (1999) 281-289.

[67] P.M. Dey, Biochemistry of plant galactomannans, Adv. Carbohydr. Chem.
Biochem. 35 (1978) 341-376.

[68] Y. Ohya, K. Thara, M. Jun-ichi, S. Tomoko, O. Tatsuro, Preparation and
biological properties of dicarboxy-glucomannan: enzymatic degradation and
stimulating activity against cultured macrophages, Carbohydr. Polym. 25
(1994) 123-130.

[69] M. Tenkanen, Action of Trichoderma reesei and Aspergillus oryzae esterases in
the deacetylation of hemicelluloses, Biotechnol. Appl. Biochem. 27 (1998)
19-24.

[70] S.E. Case, J.A. Knopp, D.D. Hamann, S.J. Schwartz, Characterisation of gelation
of konjac mannan using lyotrophic salts and rheological measurements, in:
G.O. Phillips, P.A. Willliams, D.J. Wedlock (Eds.), Gums and Stabilisers for
the Food Industry 6, IRL Press, Oxford, 1992, pp. 489-500.

[71] L. Huang, R. Takahashi, S. Kobayashi, T. Kawase, K. Nishinari, Gelation
behaviour of native and acetylated konjac glucomannan, Biomacromolecules
3(2002) 1296-1303.

[72] P.A. Williams, D.H. Day, M.J. Langdon, G.O. Phillips, K. Nishinari, Synergistic
interaction of xanthan gum with glucomannans and galactomannans, Food
Hydrocol. 4 (1991) 489-493.

[73] P.A. Williams, S.M. Clegg, D.H. Day, G.O. Phillips, K. Nishinari, Food polymers,
gels and colloids, Spec. Publ. R. Soc. Chem. 82 (1991) 339-348.

[74] P.A. Williams, S.M. Clegg, M.J. Langdon, K. Nishinari, L. Piculell, Investigation
of the gelation mechanism in K-carrageenan/konjac mannan mixtures using
differential scanning calorimetry and electron spin resonance spectroscopy,
Macromolecules 26 (1993) 5441-5446.

[75] K. Kohyama, K. Nishinari, New application of konjac glucomannan as a
texture modifier, Jpn. Agric. Res. Quart. 31 (1997) 301-306.



M. Alonso-Sande et al./European Journal of Pharmaceutics and Biopharmaceutics 72 (2009) 453-462 461

[76] M. Ridout, P. Cairns, G.J. Brownsey, V.J. Morris, Evidence for intermolecular
binding between deacetylated acetan and the glucomannan konjac mannan,
Carbohydr. Res. 309 (1998) 375-379.

[77] U. Bertram, R. Bodmeier, In situ gelling, bioadhesive nasal inserts for
extended drug delivery: in vitro characterization of a new nasal dosage
form, Eur. ]. Pharm. Sci. 27 (2006) 62-71.

[78] M. Tako, Synergistic interaction between xanthan and konjac glucomannan in
aqueous media, Biosci. Biotechnol. Biochem. 56 (1992) 1188-1192.

[79] G. Paradossi, E. Chiessi, A. Barbiroli, D. Fessas, Xanthan and glucomannan
mixtures: synergistic interactions and gelation, Biomacromolecules 3 (2002)
498-504.

[80] F. Alvarez-Manceiiido, K. Braeckmans, S.C. De Smedt, J. Demeester, M. Landin,
R. Martinez-Pacheco, Characterization of diffusion of macromolecules in
konjac glucomannan solutions and gels by fluorescence recovery after
photobleaching technique, Int. J. Pharm. 19 (2006) 37-46.

[81] F. Alvarez-Mancefiido, M. Landin, I. Lacik, R. Martinez-Pacheco, Konjac
glucomannan and konjac glucomannan/xanthan gum mixtures as
excipients for controlled drug delivery systems. Diffusion of small drugs,
Int. J. Pharm. 349 (2008) 11-18.

[82] A.A. Agoub, A.M. Smith, P. Giannouli, RK. Richardson, E.R. Morris, Melt-in-
the-mouth gels from mixtures of xanthan and konjac glucomannan under
acidic conditions: a rheological and calorimetric study of the mechanism of
synergistic gelation, Carbohydr. Polym. 69 (2007) 713-724.

[83] R.O. Couso, L. Lelpi, M.A. Dankert, A xanthan-gum-like polysaccharide from
Acetobacter xylinum, J. Gen. Microbiol. 8 (1987) 2123-2135.

[84] P.E.]Jansson, ]. Lindberg, K.M.S. Wimalasiri, M.A. Dankert, Structural studies of
acetan, an exopolysaccharide elaborated by Acetobacter xylinum, Carbohydr.
Res. 245 (1993) 303-310.

[85] C. Ojinnaka, E.R. Morris, V.J. Morris, G. J. Brownsey, Effect of acetyl
substituents on the conformational stability and functional interactions of
acetan polysaccharide, Gums Stab. Food Ind. 7, in: Proceedings of the Seventh
International Conference, 1994, pp. 15-26.

[86] C. Ojinnaka, G.J. Brownsey, E.R. Morris, V.J. Morris, Effect of deacetylation on
the synergistic interaction of acetan with locust bean gum or konjac mannan,
Carbohydr. Res. 305 (1998) 101-108.

[87] E. Miyoshi, T. Takaya, K. Nishinari, Effects of glucose, mannose and konjac
glucomannan on the gel-sol transition in gellan gum aqueous solutions by
rheology and DSC, Polym. Gels Netw. 6 (1998) 273-290.

[88] B. Li, J.F. Kennedy, ].L. Peng, X. Yie, B.J. Xie, Preparation and performance
evaluation of glucomannan-chitosan-nisin ternary antimicrobial blend film,
Carbohydr. Polym. 65 (2006) 488-494.

[89] J. Du, R. Sun, S. Zhang, T. Govender, LF. Zhang, Ch.D. Xiong, Y.X. Peng,
Novel polyelectrolyte carboxymethyl konjac glucomannan-chitosan
nanoparticles for drug delivery, Macromol. Rapid. Commun. 25 (2004)
954-958.

[90] J. Du, S. Zhang, R. Sun, L.F. Zhang, Ch.D. Xiong, Y.X. Peng, Novel polyelectrolyte
carboxymethyl konjac glucommannan-chitosan nanoparticles for drug
delivery. II. Release of albumin in vitro, J. Biomed. Mater. Res. Part B Appl.
Biomater. 72B (2005) 299-304.

[91] G.Zhou, Y. Li, L. Zhang, Y. Zuo, ].A. Jansen, Preparation and characterization of
nano-hydroxyapatite/chitosan/konjac glucomannan composite, J. Biomed.
Mater. Res. A 13 (2007).

[92] S. Matsumura, M. Nishioka, S. Yoshikawa, Enzymically degradable
poly(carboxylic acid) derived from polysaccharide, Macromol. Chem. Rapid.
Commun. 12 (1991) 89-94.

[93] N. Kishida, Relationship between the quality of konjac flour and the
molecular matter nature of konjac mannan, Agric. Biol. Chem. 11 (1979)
2391-2392.

[94] K.P. Shatwell, L.W. Sutherland, S.B. Ross-Murphy, I.C.M. Dea, Influence of
acetyl substituent on the interaction of xanthan with plant
polysaccharides. III. Xanthan-konjac mannan systems, Carbohydr. Polym.
14 (1991) 131-147.

[95] H. Zheng, Y.M. Du, Preparation and characterization of chitosan/
carboxymethylated konjac glucomannan blend films, Wuhan Univ. J. Nat.
Sci. 7 (2002) 107-112.

[96] S. Kobayashi, S. Tsujihata, N. Hibi, Y. Tsukamoto, Preparation and rheological
characterization of carboxymethyl konjac glucomannan, Food Hydrocolloids
16 (2002) 289-294.

[97] K. Takechi, K.I. Furuhata, Synthesis and nucleophilic substitution of tosylated
konjac glucomannan, Sen’i Gakkaishi 55 (1999) 315-322.

[98] S. Fujii, H. Kumagai, M. Noda, Preparation of poly(acyl)chitosans, Carbohydr.
Res. 2 (1980) 389-393.

[99] S. Grant, H.S. Blair, G. Mckay, Deacetylation effects on the dodecanoyl
substitution of chitosan, Polym. Comm. 7 (1990) 267-268.

[100] AK. Sircar, D.J. Stanonis, C.M. Conrad, Cellulose propionylpropionate as a side
product in the reaction of cotton cellulose with propionyl chloride, J. Appl.
Polym. Sci. 9 (1967) 1683-1692.

[101] B. Tian, D. Changming, L. Chen, Preparation of konjac glucomannan ester
of palmitic acid and its emulsification, ]. Appl. Polym. Sci. 67 (1998)
1035-1038.

[102] L. Yongshang, L. Zhang, Interfacial structure and properties of regenerated
cellulose films coated with superthin polyurethane benzoyl konjac
glucomannan coating, Ind. Eng. Chem. Res. 5 (2002) 1234-1241.

[103] Y. Lu, L. Zhang, Interfacial structure and properties of regenerated cellulose
films coated with superthin polyurethane/benzoyl konjac glucomannan
coating, Ind. Eng. Chem. Res. 41 (2002) 1234-1241.

[104] Y. Lu, L. Zhang, X. Zhang, Y. Zhou, Effects of secondary structure on miscibility
and properties of semi-IPN from polyurethane and benzyl konjac
glucomannan, Polymer 44 (2003) 6689-6696.

[105] L.G. Chen, Z.L. Liu, RX. Zhuo, Synthesis and properties of degradable
hydrogels of konjac glucomannan grafted acrylic acid for colon-specific
drug delivery, Polymer 46 (2005) 6274-6281.

[106] C.Y. Huang, M.Y. Zhang, S.S. Peng, J.R. Hong, X. Wang, H.. Jiang, F.L. Zhang,
Y.X. Bai, ]J.Z. Liang, Y.R. Yu, Effect of konjac food on blood glucose level in
patients with diabetes, Biomed. Environ. Sci. 2 (1990) 123-131.

[107] V. Vuksan, D.J.A. Jenkins, P. Spadafora, ].L. Stevenpiper, R. Owen, E.
Vidgen, F. Brighenti, R. Josse, L.A. Leiter, C. Bruce-Thompson, Konjac-
mannan (Glucomannan) improves glycemia and other associated risk
factors for coronary heart disease in type 2 diabetes, Diabetes Care 22
(1999) 913-919.

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

[109] MLF. McCarthy, Glucomannan minimizes the postprandial insulin surge: a
potential adjuvant for hepatothermic therapy, Med. Hypotheses 6 (2002)
487-490.

[110] S. Suzuki, M. Suzuki, H. Hatsukaiwa, H. Sunayama, T. Suzuki, M. Uchiyama, F.
Fukuoka, Antitumor activity of polysaccharides. III. Growth-inhibitory
activity of purified mannan and glucan fractions from Baker’s yeast against
sarcoma-180 solid tumor, Gann 60 (1969) 273-277.

[111] S. Suzuki, M. Suzuki, T. Matsumoto, Y. Okawa, Growth inhibition of sarcoma-
180 solid tumor by the cells of regional lymph node and spleen from mice
administered with yeast polysaccharides, Gann 62 (1971) 343-352.

[112] D. Chorvatovicova, E. Machova, J. Sandula, G. Kogan, Protective effect of the
yeast glucomannan against cyclophosphamide-induced mutagenicity, Mutat.
Res. 444 (1999) 117-122.

[113] P.D. Stahl, J.S. Rodman, M.J. Miller, P.H. Schlesinger, Evidence for receptor-
mediated binding of glycoproteins, glycoconjugates, and lysosomal
glycosidases by alveolar macrophages, Proc. Natl. Acad. Sci. USA 3 (1978)
1399-1403.

[114] P.D. Stahl, R.A.B. Ezekowitz, The mannose receptor is a pattern recognition
receptor involved in the host defense, Curr. Opin. Immunol. 10 (1998) 50-55.

[115] M. Takada, T. Yuzurita, K. Katayama, K. Iwamoto, J. Sunamoto, Increased lung
uptake of liposomes coated with polysaccharides, Biochim. Biophys. Acta 802
(1984) 237-244.

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

[117] X. Ye, J.F. Kennedy, B. Li, BJ. Xie, Condensed state structure and
biocompatibility of the konjac glucomannan/chitosan blend films,
Carbohydr. Polym. 64 (2006) 532-538.

[118] Ch. Liu, Ch. Xiao, Characterization of konjac glucomannan-quaternized
poly(4-vinyl-N-butyl) pyridine blend films and their preservation effect, J.
Appl. Polym. Sci. 93 (2004) 1868-1875.

[119] Z.L. Liu, H. Hu, R.X. Zhuo, Konjac glucomannan-graft-acrylic acid hydrogels
containing azo crosslinker for colon-specific delivery, J. Polym. Sci. Part A
Polym. Chem. 42 (2004) 4370-4378.

[120] C. Xiao, L. Weng, L. Zhang, Improvement of physical properties of crosslinked
alginate and carboxymethyl konjac glucomannan blend films, ]. Appl. Polym.
Sci. 84 (2002) 2554-2560.

[121] L. Cheng, A. Abd Karim, M.H. Norziah, C.C. Seow, Modification of the
microstructural and physical properties of konjac glucomannan-based
films by alkali and sodium carboxymethylcellulose, Food Res. Int. 35
(2002) 829-836.

[122] D. Teijeiro-Osorio, C.J. Lamela, H.M. Nielsen, C. Remufidn-Lépez, Preparation
and characterization of chitosan/glucomannan microspheres for pulmonary
delivery of macromolecules, submitted for publication.

[123] M. Alonso-Sande, A. des Rieux, Y.J. Schneider, C. Remuiian-Lépez, M.J. Alonso,
V. Préat, Uptake studies of chitosan and chitosan-glucomannan
nanoparticles in human intestinal FAE Model, in: Proceedings of 33rd
Meeting of the Controlled Release Society, Vienna, 2006.

[124] M. Alonso-Sande, C. Remuiidn-Lopez, J.L. Alonso-Lebrero, M.J. Alonso.
Chitosan-glucomannan nanoparticles as carriers for oral administration of
insulin: effect of glucomannan type and insulin loading, in: Proceedings of
32nd Meeting of the Controlled Release Society, Miami, 2005.

[125] A.M. Dawson, C.D. Holdsworth, Absorption of short chain fatty acids in man, J.
Webb. Proc. Soc. Exp. Biol. Med. 117 (1964) 97-100.

[126] H. Ruppin, S. Bar-Meir, K.H. Soergel, C.M. Wood, M.G. Schmitt, Absorption
of short-chain fatty acids by the colon, Gastroenterology 78 (1980) 1500-
1507.

[127] S.S. Peng, M.Y. Zhang, Y.Z. Zhang, Z.H. Wu, Long-term animal feeding trial of
the refined konjac meal. II. Effects of the refined konjac meal on the aging of
the brain, liver and cardiovascular tissue cells in rats, Biomed. Environ. Sci. 8
(1995) 80-87.

[128] M.Y. Zhang, S.S. Peng, Y.Z. Zhang, Z.H. Wu, Long-term animal feeding trial of
the refined konjac meal. I. Effects of the refined konjac meal on the calcium
and phosphorus metabolism and the bone in rat, Biomed. Environ. Sci. 8
(1995) 74-79.

[129] F. Konishi, Y. Shidoji, T. Oku, N. Hosoya, Mode of rat cecal enlargement
induced by a short-term feeding on glucomannan, Jpn. J. Exp. Med. 54 (1984)
139-142.



462 M. Alonso-Sande et al./European Journal of Pharmaceutics and Biopharmaceutics 72 (2009) 453-462

[130] Technical and Scientific dossier submitted by FMC Europe NV 1995, [132] K. Doi, M. Matsuura, A. Kawara, R. Uenoyama, S. Baba, Effect of glucomannan
Belgium. (konjac fiber) on glucose and lipid metabolism in normal and diabetic
[131] K. Doi, M. Matsuura, A. Kawara, T. Tanaka, S. Baba, Influence of dietary fiber subjects, Int. Congress Ser. 549 (1982) 306-312.
(konjac Mannan) on absorption of vitamin B12 and vitamin E, Tohoku J. Exp. [133] Y. Saito, K. Yoshida, Effect of dietary fiber on urinary thiamin excretion in

Med. 141 (1983) 677-681. humans, Hum. Nutr. Food Sci. Nutr. 41F (1987) 63-70.



	Glucomannan, a promising polysaccharide for biopharmaceutical purposes
	Introduction
	Glucomannan: origin and structure
	Physicochemical properties
	Solubility
	Molecular weight
	Gelation properties

	Interaction of glucomannan with other polymers
	Interaction with kappa carrageenan
	Interaction with xanthan
	Interaction with acetan (xylinan)
	Interaction with gellan gum
	Interaction with alginate
	Interaction with chitosan

	Glucomannan derivatives
	Dicarboxy-GM
	Methylated-GM
	Carboxymethylated-GM
	Tosylated-GM
	Palmitoyl-GM
	Benzoyl-GM
	Glucomannan grafted acrylic acid
	Natural derivatives of glucomannan

	Biopharmaceutical applications
	Glucomannan as a bioactive polymer
	Pharmaceutical applications of glucomannan
	Glucomannan-based films
	Glucomannan-based beads
	Glucomannan-based hydrogels
	Glucomannan-based microparticles
	Glucomannan-based nanoparticles


	In vivo degradation of glucomannan
	Toxicity of glucomannan
	Conclusion
	Acknowledgements
	References


