
World Applied Sciences Journal 22 (5): 732-737, 2013
ISSN 1818-4952
© IDOSI Publications, 2013
DOI: 10.5829/idosi.wasj.2013.22.05.990

Corresponding Author: Gildas K. Gbassi, Département of de Chimie Analytique, Chimie Générale et Minérale,
UFR des Sciences Pharmaceutiques, Université Felix Houphouët Boigny, BPV 34 Abidjan,
Cote d’Ivoire.  Tel: (225) 22 47 22 17, Fax: (225) 22 44 41 71.

732

Macrobeads Based-Polysaccharides: Development and Morphological Analysis

Gildas K. Gbassi, Patrick Atheba, Fernand S. Yolou and Thierry Vandamme1 2 1 3

Département of de Chimie Analytique, Chimie Générale et Minérale,1

UFR des Sciences Pharmaceutiques,
Université Felix Houphouët Boigny, BPV 34 Abidjan, Cote d’Ivoire

Laboratoire de Chimie Physique, UFR SSMT,2

Université Felix Houphouët Boigny, BPV 34 Abidjan, Cote d’Ivoire
Laboratoire de Conception et Application de Molécules Bioactives (UMR-7199),3

Faculté de Pharmacie, UdS-CNRS, 74 Route du Rhin, 67401 Illkirch-Graffenstaden, France

Abstract: Various polysaccharides such as sodium alginate, pectin and kappa-carrageenan were studied in
aqueous solution. Zeta potential and particle size were determined on these suspensions as a function of pH.
Macrobeads were developed after extrusion and gelation of the polysaccharide suspension into a calcium
chloride bath. SEM photographs showed that the macrobeads of alginate offered better guarantees
morphological (no crack or fracture, homogeneous surface). These macrobeads may find applications in many
fields such as encapsulation of bioactive compounds.
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INTRODUCTION polysaccharide, its concentration and the temperature of

Polysaccharides are natural polymers that belong to presence of cations is a process that leads to the
the family of carbohydrates. They can be extracted from formation of colloid [13]. Polysaccharides of negative
marine plants, seeds,  tree  exudates  and collagen animal charges are eminently suitable. In  the presence of
[1, 2]. They are widely used in the food industry as cations, ionic bonds with the monomers of these
functional  ingredients  [3]  food  packaging  [4]  and  in polysaccharides chains can be established. In this work,
the pharmaceutical industry as excipients for controlled three polysaccharides were studied with the objective to
drug delivery systems [5, 6]. The most important develop gels beads and to analyze the morphological
application of these compounds being related to the structure of these beads.
rheological control of aqueous solutions [7-8]. Due to
their different primary chemical structures that determine MATERIALS AND METHOD
the shapes in aqueous systems, polysaccharides can
exhibit large differences of solubility [9]. Many Polysaccharides and Reagents: The reagents used were
polysaccharides perform as simple thickeners. While Milli-Q water (Millipore , Mundolsheim, France),
thickened polysaccharide suspensions are related to the hydrochloric acid (Riedel de Haen , Seelze, Germany),
interaction of  disordered polymer chains, the origin of sodium hydroxide (Panreac , Barcelona, Spain) and
rigid or weak gel  properties is specific  to  molecular calcium chloride (VWR, Strsabourg, France). The three
association  of  polymer  chains [10-12].  All polysaccharides used were sodium alginate (MW=71.24
polysaccharides  exhibit  the  same  behavior of kDa, Fluka , Buchs, Switzerland), pectin (MM=76.3 kDa,
viscosity     as    a   function       of    concentration. A Fluka ) and kappa-carrageenan (Lot n° 8877, Ceca ,
polysaccharide suspension is a complex  system whose Villacoublay, France). Their chemical formulas are given
rheological properties are correlated to the type of in Figure 1.

the system as well. Gelation of polysaccharides in the
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Table 1: Experimental conditions used for the development of macrobeads
Type of polysaccharides
--------------------------------------------------------------------------------------------------------------------------------
Sodium alginate Pectin kappa-Carrageen

Concentration tested (w/v) 1%, 2% and 3% 2%, 4% and 6% 1%, 2% and 3%
Heating
Temperature 60 °C 60 °C 70 °C
Stirring time 30 min 60 min 30 min
Cooling temperature 25 °C 25 °C > 40 °C
Extrusion device Seringue
Needle diameter 0.4×20 mm 0.6×25 mm 0.6×25 mm
Concentration of CaCl 1.5% (w/v)2

Fig. 1: Semi-developed formulas of polysaccharides (a) A first step of samples weighing was followed by a step
sodium alginate (b) kappa-carrageenan (c) pectin of dispersing the samples in milli-Q water to form

Alginate are linear polymers of heterogeneous dissolution  was  performed  by  heating and stirring.
structure   consisting    of   two   monosaccharide  units: After  cooling  the suspension, it has been introduced

-L-guluronic acid (G) and -D-mannuronic acid (M) into the extrusion device, preferably a syringe. The last
linked by (1-4)  glycosidic bonds [14]. Carrageenan are step  consisted  in dropping the  suspension dropwise
polymers of linear structure composed of D-galactose into a solution of calcium chloride. The experimental
units alternately linked by (1-4) and (1-3) bonds [15]. conditions for macrobeads development are summarized
Pectins are composed of several polymer chains of in Table 1.
galacturonic acid linked in (1-4) position [16]. The concentrations of polysaccharides were

Preliminary Study of Polysaccharides: Zeta  potential generating macrobeads in contact with the solution of
and particle size were performed on each of the calcium chloride. Heating temperature and stirring time
polysaccharides  using  the  Zetasizer Nano-ZS were adapted to  ensure dissolution of  polysaccharides
(Malvern , Worcestershire, UK). The zeta potential as suggested elsewhere [17]. The difference in needles®

measurement  was  carried  out  on  diluted solutions size was  related  to the viscosity of  the suspensions.
(0.1% w:v) at various pH values (pH 1, pH 2, pH 3, pH 4, This viscosity is itself  related to the concentration of
pH 5, pH 6, pH 7 and pH 8). Using a syringe, 1 mL of the each polysaccharide. The step of extruding the
appropriate solution was introduced in the measurement suspension of polysaccharide in the CaCl  solution using
vessel (special tank U-shaped). Vessel was positioned in the syringe is shown in Figure 2.

the optical drive of the apparatus. Temperature was set at
25 °C and voltage applied was 200 mV. Three independent
measurements  were  performed  on  each sample.
Duration  of    analysis    was    approximately   10   min.
The results were reported as the mean ± standard
deviation. The mean diameter of particles was determined
as a fonction of pH with the Zetasizer capable of
measuring  the   dynamic  light  scattering  using a
helium-neon laser of output power of 4 mW operating at
the fixed wavelength of 633 nm (wavelength of  laser
emission in the red).  Measurements were carried out on
three separate experiments and the results were reported
as the mean ± standard deviation.

Development of Macrobeads: Several steps were
necessary in developing macrobeads including some
adjustments depending  on  the type of  polysaccharide.

polysaccharide suspension. The third step about samples

randomly selected in order to view those capable of

2



Mixer

Beaker

Syringe

Needle

CaCl2 solution

Plunger

Suspension

(a)

(b)

World Appl. Sci. J., 22 (5): 732-737, 2013

734

Fig. 2: Macrobeads manufacturing diagram by ionotropic different  from zero, sometimes  exceeding  the threshold
gelation (a) fresh beads recovery (b) freeze-drying of-30 mV to certain pH. At pH 7 and 8, the zeta potential
step values were negative and  higher. According to Verheul

The beads were recovered after about thirty minutes potential. In the context of ionotropic gelation, the zeta
into contact with the calcium chloride solution. They were potential amplitude at a given pH is very important.
visually  analyzed  before  undergoing  the   step of Theoretically the higher the zeta potential the better the
freeze-drying (Christ Freeze-dryer 1-4 LSC, Fischer interactions with oppositely charged compounds.
Bioblock , Illkirch, France). The visual inspection of beads®

led to the rejection of manufacturing defects especially Particle   Size     Measurement   of   Polysaccharides:
defects in shape (hollow beads, beads with a very sharp The results of  particle   size  measurement were reported
tip). The beads used are those that looked like a sphere. in Table 2.
Freeze-drying was performed on fresh beads which were Sodium alginate showed two types of particles size at
weighed in batches of 0.2 g. Each batch was introduced in pH 1 and 2. Kappa-carrageenan showed a constant
special glass vials. Freeze-drying lasted 12 h and started particle size at different pH values (sizes between 300 and
by a phase of 15 min freezing in liquid nitrogen followed 350 nm). Particle  size  of  pectin   decrease  gradually
by a phase of drying (primary drying for 10 h at pressure (from 900 to 300 nm) as the pH was increased. The lowest
of 0.20 mbar and secondary drying for 2 h at pressure of particle sizes were observed at pH 7 and 8. Size is an
0.09 mbar). important  parameter that  affects  stability  and  chemical

Macroscopic and Microscopic Analyses of Macrobeads:
Photographs of fresh beads were taken using an optical
macroscope (Leica MacroFluo, Heerbrugg, Switzerland)®

equipped with an  objective  of  low  magnification
(G×0.8). The  macroscope  was  also equipped with a
zoom system of apochromatic correction (correction of
color aberrations). After freeze-drying, the beads were
stuck on an adhesive backing with a layer of metallic
palladium in a vacuum chamber under low flow of nitrogen
for  5 min and then analyzed by electron microscopy
(SEM, Philips XL  20, Oregon, USA). SEM photographs Fig. 3: Zeta potential of polysaccharide aqueous®

taken allowed us to appreciate the size, shape and texture suspensions (  pectin  sodium alginate × kappa-
of the beads. carrageenan)

RESULTS AND DISCUSSION

Zeta Potential of Polysaccharides: The electrical charges
of polysaccharides were determined from their movement
in an electrical field using an apparatus capable of
microelectrophoresis. The results  were  reported in
Figure 3.

The zeta potential values of various polysaccharides
was  negative  regardless  of  the pH. The zeta potential
(in absolute value) of  pectin increases with the increase
of pH, except at pH 7 and 8. The electrical charge
amplitude of sodium alginate moves in the same direction
as that of  pectin. Kappa-carrageenan shows zeta
potential values ??almost constant (from -24.50±1.97 mV
at pH 1 to -29.80±2.23 mV at pH 8). The zeta potential of
the three polysaccharides showed values significantly

et al. [18] a value above ± 30 mV means a high zeta
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Table 2: Particle size measurement of aqueous suspensions of polysaccharides
Particle size measurement of polysaccharides (nm) a

-------------------------------------------------------------------------------------------------------------------------------------------
Sodium alginate -carrageenan Pectin

pH 1 4220±286 (5%) 335±14 947±40
556±46 (95%) 324± 14

pH 2 1560±254 (3%)
207±28 (97%) 330±18 858±38

pH 3 458±91 328±21 768±33
pH 4 613±53 321±13 595±25
pH 5 648±75 329±17 395±42
pH 6 558±55 337±15 387±53
pH 7 425±28 311±10 301±27
pH 8 437±56 314±12 337±30
Results are expressed as mean ± standard deviation of three independent a

 experiments.

Fig. 4: Photographs of fresh beads of polysaccharides at the magnification of G×0.8 (a)pectin beads (b) -carrageenan
beads (c) sodium alginate beads

reactivity of particles in solution. The lower the particles potential was highest in absolute terms are those that
size in the solution the better the solubility of the solution were also used to dispose of highly loaded suspensions.
[19]. When particles are of small sizes, the forces Polysaccharides suspensions were therefore prepared at
responsible for their dispersion in the solution outweigh pH 7 for the development of macrobeads.
those of gravitation, which keeps the suspension
homogeneous. Information from the preliminary study of Developement of Macrobeads
polysaccharide suspensions showed that the pH Morphological      Analysis        of        Fresh     Beads:
influences  the  zeta  potential  and the particle size of The development process of macrobeads consisted of
these suspensions. The objective of such study aimed to dropping the suspension of polysaccharides dropwise
search the optimal conditions for the development of into a solution  of  calcium chloride using a syringe.
macrobeads. Suspensions where the particle size was the Beads were obtained by this method called extrusion with
smallest are those that were selected to have ionotropic gelation. Photographs of these beads are
homogeneous suspensions. Suspensions where the zeta presented in Figure 4.
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Fig. 5: SEM photographs of freeze-dried beads of polysaccharides at the magnification of G×82 (a) pectin beads (b)
sodium alginate beads

Beads were obtained with kappa-carrageenan at 3% calcium. The establishment of two ionic bridges leads to
(w/v). At the concentrations of 1% and 2%, no beads was a three-dimensional network formed by this assembly as
obtained. Beyond 3%, the dissolution of -carrageenan described elsewhere [20, 21].
was not possible. Pectin at 4% (w/v) gave beads but not
at 2%. The suspension of pectin at 6% remained ACKNOWLEDGEMENT
insoluble. This insolubility has interfered with its flow
which  resulted  in  obstruction   of   the  syringe. Authors would like to thank TWAS (The academy of
Selecting the appropriate concentration provides good sciences for the developing world) for their financial
gelation and was therefore used throughout the support.
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