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Cashew gum is the exudate obtained from the bark of the tree Anacardium occidentale. The gum has
been modified by regenerating the native cashew gum from buffer solutions of different pH. The
regenerated cashew gum was prepared by dispersing processed native cashew gum in buffer solution
of different pH and recovered by precipitating with acetone. The physicochemical properties of the
gums obtained were evaluated by determining their moisture sorption, swelling and thermal
properties at similar temperature conditions. The isothermal moisture sorption and maximum
swelling time increased with increase in the pH of buffer solutions used for dispersing the native
cashew gum. The various DSC thermal transitions shown in the thermographs of the gums
regenerated from distilled water were similar to those of the gums regenerated from buffer solutions
of pH 7 and 2.5 but different from those regenerated from pH 10 buffer dispersion. Generally,
samples of cashew gum regenerated from the dispersions of the different pHs showed
characteristically different equilibrium moisture sorption, maximum swelling ratio and thermal
properties.
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Introduction

Gums are plant exudates and consist of heterogeneous complex mixtures of closely related
polysaccharides, which produce viscous dispersions in hot or cold water (1). Cashew gum is the
exudates obtained from the bark of the tree, Anacardium occidentale. 1t 1s a branched acidic
heteropolysaccharide of low viscosity, comparable in many respects to gum Arabic (2, 3). The gum is
a complex high molecular weight polysaccharide composed of 72-73% [-d-galactose, 11-14% a-d-
glucose, 4.6-5 % arabinose, 3.2-4 % rhamnose and 4.7-6.3 glucuronic acid (3, 4).

Gums are versatile natural polymers employed in many industrial manufactures. About one billion
pounds of gum is consumed in the United States of America each year (5). In Ghana about ten tones
of gum is used annually (6). Generally, gums are obtained from numerous botanical sources, and 4.
occidentale has been identified as one of such sources (3). Cashew tree culture is very important to
some countries such as Brazil, India, Mozambique, Tanzania and Kenya. In these countries, the
average gum production per year could reach 120 kg/tree, thus, making cashew gum a potential
industrial interest. In food and pharmaceutical processing soluble gums have been used to improve
mouth feel and pourabilty. They are also used to modify the elasticity and freeze thaw stability of
viscous food and drug products (7). Cashew gum has been employed as adhesive in book binding and
envelope production, and as additives in chewing gum, canned food and jellies (3, 8). Cashew gum
has been found to have some physicochemical and functional properties similar to gum Arabic,
which has been used widely in both the food and pharmaceutical industries (9). The increasing cost
of Gum Arabic has led to the assessment of other gums such as cashew gum as a potential substitute

3).
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The potential usefulness of cashew gum and the increasing attention as a result of its availability and
high yield, there is a need for adequate characterization of the gum. Thus, the objective of this study
is to evaluate some physicochemical properties of cashew gum obtained by regeneration from
colloidal dispersions of native cashew gum in different pH solutions for use as a potential
pharmaceutical excipient or food additive.

Materials and Methods

Materials

Cashew gum tears were collected from the bark of Anacardium occidentale in the surroundings of
National Institute for Pharmaceutical Research and Development (NIPRD), Abuja, Nigeria. Sodium
hydroxide, acetone, potassium thiocyanate, potassium chloride and calcium chloride (BDH,
London), hydrochloric acid (Fisons, UK), sodium chloride and magnesium chloride (Sigma,
Germany), potassium dihydrogen phosphate (May & Baker, England), buffer pH 2.5, 7 and 10
tablets (Fisher, USA).

Methods

Extraction of cashew gum

A 100 g quantity of dried cashew gum tears was placed in a 100 ml of distilled water (pH 7)
maintained at 60° C with continuous stirring using a magnetic bar stirrer (200 rpm) for 1 h. The
resulting gum dispersion was then filtered while hot using a muslin cloth having a 150 um mesh size
to remove wood debris and other insoluble matter. The pH of the resulting gum dispersion was
determined using a pH meter (Corning, Model 10 England). The polymer was precipitated with
acetone according to the method of Builders ez al., 2005 (10) and air-dried at an atmospheric
laboratory temperature of 27 °C. The dried regenerated gum was pulverized using a porcelain mortar
and pestle. The powdered gum was stored in a desiccant (21% RH) to remove residual moisture for
48 h and finally transferred into an airtight screw capped bottle until used. This procedure was
repeated by replacing the distilled water with buffer solutions of pHs 2.5, 7 and 10 respectively. The
buffer solutions were prepared by dissolving each buffer tablet in 100 ml of distilled water and the
pH of'the solution verified with the pH meter.

Moisture uptake characteristics

5 g quantities of the cashew gum samples were placed in Petri dishes and stored in a glass chamber
containing activated desiccator at 27 °C for one week to remove any residual moisture from the
materials. The profiles of the moisture uptake isotherm were determined by the gravimetric method
(11). A2 gsample of the dry gum was placed in an aluminum foil (8 x 6 x 2 cm) which was then put in
a glass chamber with a gauze-holding tray. The glass chamber contained either distilled water or
saturated solution of different salts to provide the required relative humidity (RH), (distilled water
100% RH, potassium chloride 84% RH, sodium chloride 75% RH, potassium thiocynate 47% RH
and calcium chloride 31% RH at 25 °C). The powder was weighed at 12 h intervals until equilibrium
was attained. The equilibrium moisture sorption (EMS) was determined using equation 1.

EMS=W, x100% ol

W,

Where W, is the of moisture uptake at equilibrium and W, is the dry weight of the material (12). The
moisture uptake isotherm of percentage weight gain vs relative humidity was then prepared.
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Swelling characteristics

A 300 mg of the dry cashew gum samples (/) were directly compressed into compacts using a single
punch tabletting machine (THP Tablet Press, Shangha Tiaxiang & Chenta, Pharmaceutical
Machinery Co. Ltd., China) at a compression force of 25 KN with an 8 mm flat-faced punch. The
compacts were placed in a desiccator for 24 h to remove any moisture absorbed during the weighing
and compaction processes. Each compact was placed on a mini glass plate (2 x 4 cm) of known weight
contained in a Petri dish containing 60 ml of distilled water at 25 °C. At 5 min intervals the glass plates
with the hydrated compacts were removed, dried by blotting with tissue paper and weighed (#,). This
process was continued until the compacts began to lose weight (W,
(0,..), was determined according to equation 2 (13).

). The maximum swelling ratio

ax.

Qmax = Wmax/ Wd ceee 2
Q... W_,.and W, areused as stated above.

Differential scanning calorimetric analysis

Differential scanning calorimetry (DSC) studies on the regenerated cashew gum were carried out on a
DSC 204 F1 (Phoenix NETZSCH) machine equipped with a thermal analysis system. Indium (156.8
°C) was used as the internal standard. Samples of the dry gum powder approximately 2 mg were
placed in an aluminum pan (25 pl) and covered with a perforated lid. Dry nitrogen was used as the
purge gas (purge 20 mlmin™). The probes were heated from a start temperature of 25 to 500 °C at a rate
of 10 °Cmin". The relevant thermodynamic parameters were evaluated with the Proteus analysis
software.

Result and Discussion

Moisture uptake profile

The moisture uptake profiles of the various samples of the cashew gum regenerated at different pH
are shown in Fig. 1. The moisture uptake profiles of the cashew gum samples generated by
precipitating the gum dispersion from distilled water and different pH buffer solutions with acetone
generally show a hygroscopic characteristic. All the gums showed interaction with the moisture as
indicated by the various degree of moisture uptake at the different RH (14, 15). The differences in the
moisture uptake at each RH indicate the comparative variation in affinity of the different samples to
water molecules. The moisture uptake profiles show the equilibrium amount of water taken up by the
powdered gum samples as a function of steady state vapor pressure at a constant temperature (16).
This parameter has been used to predict some physicochemical (12, 17) and functional (18)
properties of polymers. Such information includes mechanism of water uptake by solid surfaces (19,
20), stability (21), comparative assessment of the amorphousity or crystallinity of polymers (10).

The uptake of water molecules by polysaccharide is related to the interaction between the unbound
hydroxyl groups of the various sugar moieties and water molecules. The free hydroxyl groups of the
polysaccharide interact with water molecules via hydrogen bonding (11). The differences in the
moisture uptake by the different samples show the differences in the free hydroxyl groups available
within the polymer chain network for interaction with water molecules. Generally, the moisture
uptake for the regenerated cashew gum samples increased as the pH of the dispersion medium
increased (pH 10> pH7 = distilled water> pH2.5). In acidic medium, the hydroxyl group on the
polymer chain network interacts with the protons from the acid thereby reducing the amount of free
hydroxyl group. Based on the [IUPAC classification, different types of moisture sorption isotherm are
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observed (Fig. 1). Cashew gum samples generated from pH 10 and pH 7 dispersions show type 2
uptake. This type of moisture uptake is associated with monolayer-multilayer sorption on a
nonporous or macroporous powdered surface (15). Gums generated from distilled water and pH 2.5
dispersions show a near type 3 moisture uptake isotherm. Their profiles show a characteristic low
moisture uptake at low RH and a strong increase in uptake at high RH. In type 3, the moisture uptake
occurs according to a multilayer mechanism through out the range of RH. In all, the difference in the
type of moisture uptake profile is due to the orientation of the polymer chains at the different levels of
acidity resulting in a difference in the number of free hydroxyl groups available for interaction with
water molecules.

)
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%RH
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Figure 1: Moisture sorption pro1ile 0T the casnew gum samples

Polymers are characterized by two component domains, amorphous and crystalline. The domain that
dominates determines the overall characteristics of the polymer. Moisture sorption profile has been
reported to be the most sensitive technique for assessing variation in the amorphous and crystalline
content of polymers (22). For similar polymeric materials the moisture uptake profile for the
amorphous form exhibits a higher shift when compared to the more ordered crystalline form (22, 23).
Regeneration of polymers dispersed in media with different pH may result in change in their
molecular orientation thus resulting in polymers with different properties. The change in the
molecular orientation of the native cashew gum is responsible for the differences in the moisture
uptake characteristic of the various regenerated samples. Fig. 1 shows that the cashew gum
regenerated from buffer of pH 10 took up the highest amount of moisture at all the RH assessed.

Swelling characteristics

The swelling profiles of the compacts prepared with the different cashew gum samples generated
from solutions of different pH are presented in Fig. 2. Native cashew gum has similar solubility
characteristics as gum Arabic. The maximum swelling ratio (MSR) increased, with increase in the
pH of the medium. The affinity for water molecules shown by the swelling of the various regenerate
samples were similar to that obtained for moisture uptake. The lower MSR obtained for samples
obtained by regeneration from dispersions in buffers of lower pH may indicate a relative lower
solubility of native cashew gum in media of similar pH. The increased swelling at higher pH
corresponds to increased solubility, due to the presence of large numbers of deprotonated labile
functional groups (OH and COOH) of the sugar moieties that constitute the polysaccharide chain
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(26). The differences in the MSR for the various regenerated cashew gum samples show that they all
have different degrees of protonation. The large number of deprotonated groups in the
polysaccharide chains network results in increased free volume that resulted in the uptake of large
volume of water molecules. However, because of the limited degree of cross-linking in the polymer
chain network, there is increased repulsion between functional groups that interact with water
molecules. Similarly, at low pH values charge suppression will result in a lower degree of
conformation of the polymer chains. This is because the acidic components exist in the free acid
form. Generally, for polymers with similar properties as the pH value is raised from the acidic pH
towards alkaline, the functional groups induce electrostatic repulsion that tends to keep the
molecules in an extended form, thus increasing water uptake (27).
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Figure 2: Maximum swelling ratio of regenerated cashew gum in different media

The limited cross-linking in the cashew gum polymer chain network is also responsible for the high
solubility and poor gelling property of the gum. Compression of the powdered gum into solid
compacts will increase their dispersion retardation thus preventing the gum from quickly swelling to
infinity (24). The compaction process introduces some interparticulate interactive bonds between the
powder particles. This is also enhanced by the interactions between the numerous functional groups
contained in the polysaccharide chains network, which results in the formation of temporary three-
dimensional structure that diminish solubility (25).

DSC thermal analysis
The DSC thermographs and thermal analysis of the regenerated cashew gum are shown in Fig. 3 and

Table 1 respectively. The thermographs of the different cashew gum samples indicate that all the
samples are characterized by a glass temperature, a cold crystallization and melting peaks. The
thermograph of native cashew gum as generated from distilled water is a semi-crystalline polymer
consisting of an amorphous and a crystalline region. The amorphous and crystalline domains are
characterized by the presence of a glass transition (Tg), melting and cold crystallization peaks. The
glass transition temperature is a second order transition and is characterized by neither heat transfer
nor change in heat capacity. Below the glass transition temperature, molecules in the different
samples of cashew gum are immobile thus, the gum is in characteristic glassy state whereas at
temperature above the glass transition the gum is in a rubbery state and the molecules are in
continuous motion (29). Polymer melting is a first order transition that is characteristic of only the
crystalline domain of the polymer. Below the melting temperature, the chains of the polysaccharide
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are in an ordered arrangement and above the melting temperature, the molecular chains of the cashew
gum polymer become disordered. Cold crystallization is a dominant feature in semi-crystalline
polymers. The crystallization peak is an exothermic peak occurring at temperature higher than the Tg
but lower than the melting peak. The cashew gum samples regenerated from distilled water and
buffer solutions of pH 7 and 2.5 showed similar thermograph. However, the thermograph of that
regenerated from pH 10 buffer solutions showed only one distinct characteristic domain (Curve 3D
and Table 1), the amorphous as characterized by the Tg. The cold crystallization and melting peaks
present in the thermograph were too weak to be detected by the Proteus analysis. The thermograph of
cashew gum regenerated from pH 10 solution indicates that beyond the glass transition temperature,
polymer degradation commenced at 184.2 °C and ended at 295.8 °C. The cashew gum generated from
dispersion of buffer pH 7 show four distinct characteristic peaks. Two endothermic and two
exothermic peaks. The first peak which represents the Tg is followed by a mild exothermic peak
representing cold crystallization, then an endothermic peak which represents the melting of the
crystallized material. Another exothermic peak representing crystallization followed the melting
peak. The thermograph of cashew gum regenerated from dispersions of pH 2.5 buffer solutions is
characterized by five peaks. The first endothermic peak represents the glass transition temperature
followed by a cold crystallization exothermic peak which flowed into the melting of the crystallized
polymer. A more prominent cold crystallization exothermic peak with its onset at 323.4°C and end at
334.3°C was followed by a mild melting endothermic peak. The values of the various endothermic
and exothermic peaks obtained by the various peaks are presented in Fig 3 and Table 1. These show
that by regenerating the native cashew gum from different pH media samples with different thermal
characteristics are produced.
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Figure 3: The thermal characteristic of cashew gum generated from different pH media
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Table 1: Thermal properties of cashew gum regenerated from different pH media

Parameters Distilled water pH2.5 pH7 pH 10
T, (°C) 442 50.2 41.4 46.2
[H J/(gK) 0.191 0.053 0.654 13.801
T (°C) Peak 1 Peak 1 Peak 2 Peak 1 Peak
Onset 246.1 251.1 3234 234 .4 -
Peak 262.9 251.8 3194 245.4 -
End 279.6 269.1 3343 247 .4 -
Crystallization Peak 1 Peak 1 Peak 2 Peak 1 Peak 2 Peak
T, Onset (°C) 279.6 248.6 308.8 2347 303.8 -
Peak (°C) 317.6 251.8 3194 240.1 309.9 -
T..End (°C) 333.8 251.1 3343 2474 3173 -

T, Glass transition temperature

T, Melting temperature

T, Temperature of crystallization AH J/(gK)

The thermographs were characterized with the first derivative curves analysis of the Proteus
software. The advantage of the first derivative curve analysis is in the determination of the
temperature characteristic of individual segments of the thermograph. The first derivative curve
gives the expansion coefficient of the material when the thermal evaluation is done at constant
heating or cooling.

Thermal methods using DSC have been widely used for the characterization of polymers; this
method measures the total heat flow into and out of a material as a function of temperature and/or
time (28). Generally, polymers display melting and glass transition endotherms as major features
(10). The DSC analysis was used to investigate the differences in the thermal properties of cashew
gum samples regenerated from dispersions of the native cashew gum in different pH media since
melting and glass transitions are characteristic parameters, which are strongly dependent on
processing conditions (29).

Conclusion

Cashew gum with different physicochemical and thermal properties were prepared by dispersing
native cashew gum in buffer solutions of different pH and regenerated by precipitating with acetone.
Generally, the different cashew gum samples showed characteristic variations in the moisture
uptake, swelling, and thermal properties. The moisture uptake characteristic and the maximum
swelling ratio of the regenerated gum increased as the pH of the dispersion media increased. The
cashew gum regenerated from buffer solution of pH 10 showed the highest moisture uptake and
maximum swelling ratio. The thermal transitions for the cashew gum samples regenerated from
distilled water and buffer solutions of pH 2.5 and 7 were similar but distinctly different from that
obtained by regenerating from buffer solution of pH10.
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