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ABSTRACT

gum and chitosan in oil-water emulsion using glutaraldehyde as a cross-linker.

The composite microspheres‘morphology was investigated by scanning elec-
tron microscopy. It was found that the products were composed of a large quantity of
microparticles with average diameters of 250-350 um and a few microspheres with
diameters of several micrometers. The composite microspheres are spherical particles
with asperous surfaces. The thermal behaviour of composite microspheres was stud-
ied using both methods of thermogravimetric analysis and differential thermal analysis,
further confirming the cross-linking reaction. The results suggest that the composite
microspheres show good heat resistance after cross-linking reaction. In order to obtain
an insight into the karaya gum/chitosan interactions, the composite microspheres were
characterized by Fourier transform infrared spectroscopy (FTIR) to confirm the forma-
tion of Schiff’s. At the same time, the infrared spectrum indicates the presence of spe-
cial functional groups on the surface of the microspheres, which involve ion-carboxyl,
aldehyde; amino, and hydroxyl groups. The swelling kinetics of the composite micros-
pheres at different pH values has been investigated. The composite microspheres swell
at lower pH (<6) as well as higher pH range (pH>9), and the deswelling occurs in the
pH range from 6 to 9.

Composite microspheres were prepared by suspension polymerization of karaya
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In recent years, the development of alginate, polystyrene, polyacry-
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appropriate carriers for the immobi-
lization of biomolecules has been a
challenging effort for researchers.
Therefore, different types of natural
and synthetic polymers have
received much attention in chemical
and biomedical applications. A spe-
cial interest in developing these
polymer-based materials is oriented
to prepare microspheres and
nanoparticles. So far, several studies
have been reported on the develop-
ment of these carriers (i.e., calcium

lamide, polyvinyl alcohol, nitrocel-
lulose, etc.) which have been used in
the preparation of microspheres [1-
4]. These microspheres can be used
as support materials and stabilized in
a fluidized bed reactor. The most
popular applications of micros-
pheres are wastewater treatment,
immobilization of enzymes or other
biomolecules, and the preparation
alginate, polystyrene, polyacry-
lamide, polyvinyl alcohol, nitrocel-
lulose, etc.), which have been used



in the preparation of microspheres [1-4]. These
microspheres can be used as support materials and
stabilized in a fluidized bed reactor. The most popu-
lar applications of microspheres are wastewater treat-
ment, immobilization of enzymes or other biomole-
cules, and the preparation of immunological assays
[5-7]. In a word, the composite microspheres have
potential extensive applications in the fields of med-
ical science, biology, catalysis, and many other areas.

Karaya gum is a complex polysaccharide. The pri-
mary structure is shown to be composed of D-glu-
curonic acid, D-galacturonic acid, D-galactose, L-
rhamnose and acetyl groups, in different proportions
according to the quality, type, and origin of the poly-
saccharide [8]. The average composition of acetyl
free samples is 60% of neutral sugar (thamnose and
galactose) and 40% of acidic sugar residues (galactur-
onic and glucuronic acid) [9]. Native polysaccharide
contains approximately 8% acetyl groups [10].

In this study a novel composite microsphere was
prepared and characterized using deacetylated karaya
gum and chitosan. The polymeric microspheres were
prepared by suspension polymerization [11]. The
composite colloid solution of deacetylated karaya
gum and chitosan was dispersed as droplets in the
dispersion medium and glutaraldehyde was ‘used as
the cross-linker. The properties of the.composite
microspheres, such as morphology, thermal stability,
FTIR spectra and pH sensitive -behaviour were
evaluated.

EXPERIMENTAL

Materials

Karaya gum was purchased from the technology
company of Anwen hydrosol (Tianjing, China) which
was extracted from Sterculia tree. The molecular
weight was 9x10° D and the acetyl group’s concen-
tration was 8% in mol. Chitosan (My, = 5x104 D,
DD > 85%) was obtained from Yuhuan Company
(Zhejiang, China). The molecular weight of chitosan
was determined by the capillary viscometry method
using an Ubbelohde viscometer at 25°C. The sodium
hydroxide was used to remove acetyl groups of
karaya gum and glutaraldehyde (Tianjing, China).
The suspension medium was composed of a mixture

of mineral oil and petroleum ether, and Tween-80 was
added as an emulsifier. All chemicals were of analyt-
ical grade.

Preparation of Deacetylated Karaya Gum
Deacetylated karaya gum was prepared by alkali
treatment as follows: karaya gum (100 g) was added
into aqueous solutions of sodium hydroxide (1000
mL, 4 w/w%) at 60°C for 24 h with gentle shaking
[12]. During the process, sodium tetraborate (2 g) was
added to prevent polymer degradation [13]. Then
karaya gum polymers were dialyzed by bag filter
(molecular cut_off::8000-10000) to form a colloid
solution. The' colloid concentration was more than
1%. In this experiment, we measured the solution's
concentration and prepared a 1% deacetylated karaya
gum solution. Karaya gum in the concentration used
in this work was quite insoluble, but after deacetyla-
tion the solubility increases. The colloid solution of
deacetylated karaya gum was used to prepare micros-
pheres without further purification.

Preparation of Composite Microspheres

The composite microspheres were prepared using the
suspension polymerization method: to 1% (mass frac-
tion) deacetylated karaya gum solution, an equal
quantity of chitosan powder was added, which was
followed by dropwise addition of 1% glacial acetic
acid solution to form a complex. The polyelectrolyte
complex reaction at 25°C in the acidic condition
between deacetylated karaya gum (DTKM) and chi-
tosan (CS) can be represented by:

DTKM-COO- + CS-NH;* —
DTKM-COO- *NH;-CS

Then the mixture (40 mL) was added to a flask con-
taining the dispersion medium (80 mL) which was
composed of mineral oil, petroleum ether (1:1, v/v)
and an emulsifier (Tween-80, 3 mL). During this
process, the dispersion medium was stirred at 400-
800 rpm at 40°C. After 10 min, 3 mL glutaraldehyde
(55%) was added and the temperature was raised to
60°C. The temperature was maintained for about 1 h
to carry out the cross-linking reaction. The cross-link-
ing reaction can be represented by:
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CS-NHz + OHC—(CH2)3 —CHO —»
CS-N = CH-(CH,); -CH = N -CS
CS-NH, + DTKM-CHO — CS-N = CH - DTKM

Later, the composite microspheres were collected and
washed consecutively with acetone and ethanol. Then
they were placed into hydrochloric solution (1 mol/L)
for one day and washed with distilled water. Finally,
the composite microspheres were dried at 60°C in a
vacuum oven for two days.

Characterization

Morphology

Scanning electron microscopy (SEM) was performed
with a Philips HL-20 microscope. Samples of the
composite microspheres were dropped onto a sample
holder and placed in a vacuum oven at room temper-
ature to dry. The samples were coated with gold and
then SEM micrographs were obtained.

Thermal Stability

The thermal stability of the composite microspheres
was measured by a Perkin-Elmer instrument. Samples
were accurately weighed to 4.0-5.0 mg and were
purged with air (heating range: 0-600°C; heating rate:
10°C/min). Indium (mp = 156.8°C) was used as'stan-
dard reference to calibrate the temperature and energy
scales of the instrument [14-15].

Measurement of Apparent Density
The apparent density of the composite microspheres
was determined by graduated cylinder method. The
measurements were conducted in five replicates, and
average apparent density of the composite micros-
pheres was found to be 0.78 g/mL.

Measurement of pH Sensitivity and Swelling Ratio
The pH-sensitivity of microspheres was investigated
in the range of 1-14. A certain amount of dry micros-
pheres was immersed in separate buffer solutions with
pH 1 to 14 at room temperature. Then the weight of the
swollen microspheres was frequently measured after
wiping the excess solution off the surface with filter
paper and calculated the swelling ratio (SR) [16-17].
The swelling ratio (SR) of microspheres was deter-

mined by immersion in buffer solutions at each prede-
termined time at room temperature with gentle shak-
ing as the following procedures: first, the dried
microspheres were immersed in buffer solutions; fol-
lowed by removal of the samples from the buffer solu-
tions and wiping with a filter paper to remove excess
solutions from their surfaces. Finally the micros-
pheres were immediately weighed on an electronic
balance. The swelling ratio (SR) of microspheres was
calculated by the equation:

SR = (W, - Wy/Wy
where,
W, : weight of swollen microspheres;
W : initial dried weight of microspheres

Each'swelling experiment was repeated six times and
the average value was recorded.

FTIR Spectroscopy

The functional groups of microspheres were identi-
fied by the basic Fourier transform infrared spec-
troscopy (FTIR, Alpha-centauri). In a typical proce-
dure, approximately 0.2 mg of microspheres was
crushed to make potassium bromide pellets under a
hydraulic pressure of 500 kg/cm2. The spectra were
taken in the wavelength region between 400 and
4000 cm-! [18].

RESULTS AND DISCUSSION

Morphology of the Composite Microspheres

Figure 1 shows the SEM micrographs of the compos-
ite microspheres. It may be observed in Figures la
and 1b that the prepared products had a rather rough
surface with average diameter of about 250-350 pum;
Figures 1c and 1d show the microstructure of the sec-
tion cut straight through the composite microspheres,
and it can be clearly seen that they are porous.

Dynamic Thermogravimetric Analysis

The thermogravimetric curves of chitosan, deacetylat-
ed karaya gum and microspheres show three stages in
Figure 2a. The first stage is attributed to desorption of
moisture as hydrogen bound water to the polysaccha-
ride structure and the proportion of weight loss was
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Figure 1. Scanning electron microscopy of composite microspheres at
different magnifications::(a) 60x%, (b) 380x, (c) 350x and (d) 1500x.

about 17% for these three materials, which are corre-
lated to three endothermal peaks in the DTA curve in
Figure 2b. The endothermal peak strength of micros-
pheres has increased, as shown in Figure 2b, which is
due to the volatilization of the solvent. The second
and third stages of TG curve are probably due to
molecular degradation’ and decomposition reactions
of polysaccharide. The initial decomposition temper-
ature of chitosan is observed at 150°C whereas final
decomposition temperature is observed at 568°C,
which correlates with the main exothermal peaks at
290°C-320°C. The weight loss is 80.4%, indicating
energy release through the weight loss. The thermal
degradation temperatures of deacetylated karaya gum
are 190°C-384°C and 384°C-570°C where the weight
losses are 35.5% and 33.5%, respectively. They cor-
respond to two of DTA exothermal peaks at 280°C
and 469°C, respectively.

Compared with chitosan and deacetylated karaya
gum, the microspheres are observed to show a shift
towards high temperature regions for the difference
in decomposition temperature and the exothermic
peaks. These are two exothermic peaks at 449°C and
555°C, respectively. This finding has confirmed the
cross-linking between the chitosan and deacetylated
karaya gum. The cross-linker has led to the formation
of a composite of karaya gum and chitosan.
Therefore, it may be concluded that the modification
has induced thermal stability in the cross-linked net-
works. This observation is further supported by the
decomposition temperature [14-15].

pH Sensitive Behaviour and Swelling Kinetics

In the experiment, chitosan can absorb six times as
much water as its own weight and karaya gum can
absorb one hundred times as much water as its own
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Figure 2. TG curves (a) and DTA curves (b) of (A)
microspheres, (B) chitosan, and (C) deacetylated karaya
gum samples.

volume at pH = 7. After cross-linking reaction, the
swelling capacity of composite microspheres has been
decreased significantly and it is affected by different
pH values.

As it is shown in Figure 3, pH sensitive character-
istics of the composite microspheres were investigat-
ed by swelling behaviours. The composite micros-
pheres swelled at lower pH (<6) and also at higher pH
range (pH>9). However, deswelling has occurred in
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Figure 3. Swelling of microspheres at different pH values.

the range of pH 6-9. The swelling capacity is being
dependent on the effect of pH on the charged groups
introduced on the composite microspheres, because
the composite microspheres possess both carboxyl
and amino groups. The surplus of amino groups forms
ionic bonds and hydrogen bonds with the carboxyl
groups of deacetylated karaya gum, which has con-
sumed most of ionic groups. As a result a network is
formed with oppositely charged structures which can
change the charge state of the ionic groups with vary-
ing pH [16].

Under low pH conditions, most of the carboxyl
groups are in —COOH form, while most of the amine
groups of the composite microspheres are in —-NH3 "
form. Conversely, under high pH conditions, most of
the amine groups of the composite microspheres are
in -NH, form, while most of the carboxyl groups of
the composite microspheres are in —COO- form. In
these pH regions, the composite microspheres were
swelled due to the increase of ionic repulsion.
If we could assume the composite microspheres
having an isoelectric point (pl) like protein molecules,
the pl should be in the pH region 6-9. Most of the
ionic groups are absent due to protonation of the car-
boxyl group and deprotonation of the amino group at
pH 6-9, which have led to a more compact structure
and therefore, less water absorption. Thus, the
composite microspheres have deswelled in this pH
region [17].
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FTIR Spectroscopy Analysis

The FTIR spectra of karaya gum, deacetylated karaya
gum, chitosan, and microspheres films are shown in
Figure 4 for comparative purposes. The characteristic
peaks at 1731 cm! and 1254 cm! are attributed to
acetyl groups of karaya polysaccharide in Figure 4a.
The absorptions at 1616 cm-! and 1423 cm! are due
to carboxylate groups of the uronic acid residues. The
absence of peaks at 1731 cm! and 1254 cm! in
Figure 4b indicates that the sample is a deacetylated
form of karaya polysaccharide [10]. Chitosan in
Figure 4c shows its characteristic peaks as follows:
the peaks at 1426 and 1384 cm! belong to the N-H
stretching of the amide and C-N stretching vibration,
respectively; the peak at 1641 cm! is assigned to the
stretching of C=O and the peak at 1600 cm! is
assigned to the bending vibrations of -NH, groups
[18].

In Figure 4d the FTIR analysis is based on the
identification of absorption bands concerned with the
functional groups present in the composite micros-
pheres. The bands wavenumber (cm-!) are as follows:

- CO stretching vibration: the new absorption peak
appears at 1714 cm! indicates that there are aldehyde
groups in the composite microspheres.

- C=N stretching vibrations: the absorbance peak
at 1645 cm! is wider and stronger than that of pure

{a) karaya gum
(b) deacetylated karaya gum
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{d) microsphere
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Figure 4. Infrared spectra of: (a) karaya gum, (b) deacetylated
karaya gum, (c) chitosan, and (d) microspheres samples.

chitosan, thus the peak indicates the formation of
Schiff’s base as a result of the reaction between car-
bonyl groups of glutaraldehyde and amine groups of
chitosan chains.

- C-OH bending vibration: this peak indicates the
existence of ion-carboxyl in the composite micros-
pheres.

- C-N stretching of the amino groups.

In addition, these results suggest that the composite
microspheres are composed of carbohydrate polymers
with functional groups [19-20].

CONCLUSION

A newly designed microsphere was successfully pre-
pared. The glutaraldehyde has been used successfully
to prepare physically cross-linked microspheres using
deacetylated karaya gum and chitosan. The optimal
conditions were obtained for preparation of micros-
pheres for the various areas of biochemical and
biotechnological applications: such as immobilization
of biomolecules, wastewater treatment, and drug
delivery systems. The composite microspheres were
characterized based on morphology, dynamic thermo-
gravimetric analysis, FTIR spectroscopy analysis,
swelling kinetics and pH responsive behaviours.
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