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Abstract
Steady shear rheological properties of Cordia abyssinica gum, as a novel hydrocolloid, were investigated at different 

temperatures (30-50°C). The apparent viscosity was drastically affected by temperature, and decreased from 234.9 to 7.46 Pa.s. 
Cordia gum was exhibited pseudoplastic behavior, which being almost Newtonian at 50°C. Different models including Power-
law, Herschel-Bulkley and Casson were applied to model rheological trait. The Results were shown that the Herschel-Bulkley 
model has the best fitness with experimental data. Ascending and descending viscometry data were shown a weak thixotropic 
behavior particularly at low shear rates. By increasing the temperature in both curves, n decreased and k increased. The apparent 
viscosities of Cordia gum followed an Arrhenius model and the ηo increased and activation energy diminished as shear rate 
decreased from 330 to 15/s. Low values of the activation energy implied that Cordia gum can maintain its viscosity at higher 
temperatures more than BSG and Xanthan. It has a high potential for application in food and neutaceutical products as possess 
yield stress and pseudoplastic behavior, which enables it to use as an emulsifier, stabilizer or excipient in tablet formulations. 
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Practical Application
Cordia gum has a high potential for application in food products 

such as mayonnaise and salad dressing as an emulsifier or stabilizer. It 
can also be used in pharmaceutical as a tablet binder.

Introduction
Hydrocolloids are long chain high molecular weight polymers 

dissolve or disperse in water and make a thickened or stabilized 
product. Among all kinds of hydrocolloids, plant polysaccharides, due 
to the frequency and ease of extraction have gained much interest and 
are used frequently in many industries. These natural polysaccharides 
are generally polyuronides composed of more than one type of 
monosaccharide units [1,2]. They are used to improve or manipulate 
the texture of food products because of their ability to retard flow, 
modify gelling characteristics, and preserve emulsions and suspensions 
[3]. They are also widely used in the pharmaceutical and food industry 
as excipients and additives due to their low toxicity, biodegradable, 
availability and low cost [4]. They can be modified control of drug 
delivery release, which influence the absorption and subsequent of 
bioavailability of the incorporated drug.

Cordia abyssinica is a member of flowering plants belonging 
to Family Boraginaceae, which is evergreen shrub or small tree. 
The tree is fast growing and occurs at low altitudes in woodland 
regions. It was found world widely in warm moist riverside areas, 
often along riverbanks, especially in north-eastern Africa such as 
Angola, Mozambique, Zimbabwe and Indo-Pak subcontinent [5,6]. 
C. abyssinica was also grown in the southern region of Iran, particularly 
at the borderline of the Persian Gulf, Kharg Island, Baluchistan and
Khuzestan provinces. It was also found rarely in Tehran (Alborz) and
Taleghan mountains.

The fruit of C. abyssinica is a drupe, about 10 to 30 mm in diameter, 
which has a globose shape and a sharp tip. It was green when unripe, 
and turns yellow to orange on ripening season, which occurs between 
April and December. The shell encloses a sweet mucilaginous flesh, 
which is highly viscous, and sticky [7]. Rural school children often use 

the fruit pulp of Cordia as glue, due to its excellent adhesive properties. 
Although it is edible, but it is not widely consumed by humans and 
mostly eaten by wild animals [7]. The fruits are used for preparing 
pickles in Iran and Indo-Pak subcontinent. It has been reported 
pharmaceutical properties in every part of the tree, particularly fruit 
pulps. For example, anti-inflammatory constituents have been reported 
in the seeds [8] and phenolic antioxidants in the fruit extracts [9,10]. 
The mucilaginous extract of the fruit contains an anionic polysaccharide 
rich in uronic acid [11]. The gum is useful in treating coughs and hyper 
blood pressure as well as the tablet formulation as a natural binding 
agents (Shailendra et al. [4]). The gum has been approved as a potential 
non-toxic and safe pharmaceutical excipient in tablet formulation as 
well as an excellent emulsifier in food applications [12,13]. Prolonged-
release nano-particles for drug delivery have been prepared from this 
gum [14]. Due to its better emulsifying and binding properties, it could 
be used as an effective carrier of additives through the edible coating. 
So, it was used as a coating based on delaying lipid oxidation of roasted 
pine nuts [15]. The chemical composition of the Cordia extract was 
analyzed and it consists primarily of galactose (27%), rhamnose (21%), 
mannose (17%), xylose (11%), glucose (10%), arabinose (9.5%), uronic 
acids (5%) and approximately 2.6% protein [11]. 

Although, some of the chemical and physical properties of Cordia 
extract were studied, but no research work was performed on its 
rheological behavior. Due to the unique adhesive properties of the fruit 
mucilage and high viscosity of the solutions, the Cordia gum has much 
potential to use as a thickener, stabilizer, emulsifier, table binder and 
adhesive agent in the food, texture and pharmaceutical industries. In 
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order to exploit gum in different applications, understanding of the 
rheological behavior of the C. abyssinica is essential. Therefore, the 
main goal of this research is concerned to the rheological characteristics 
of Cordia extract and its rheological modeling. Furthermore, the time-
dependency and effect of temperature on the viscoelastic properties of 
Cordia gum would be surveyed. 

Materials and Methods
Materials

Fresh fruits of C. abyssinica were collected between June and July 
2013 from Ahvaz suburb, Khuzestan province, Iran and transported 
to the laboratory, stored at 4oC and processed within 10 days of 
collection. Sodium chloride and ethanol were analytical grade and 
purchased from Sigma (Sigma-Aldrich GmbH, Sternheim, Germany).

Gum extraction

Gum was isolated from the fruits by hot water extraction and 
alcohol (ethanol) precipitation. The fruit was squashed manually to 
release the stones. Then, stones were placed in a strong stainless steel 
container and well agitated to separate the fruit pulp from the stones 
as a thick sticky mass. Distilled water was added to this sticky mass 
and centrifuged in a BHG Hermle 236HK (Bethold Hermle GmbH, 
Gosheim, Germany) centrifuge at 5000 g for 30 min to remove debris. 
The polysaccharide was precipitated from the mixture by adding two 
volumes of ethanol in the presence of 0.25 M sodium chloride. The 
solution of C. abyssinica was prepared at 4% (w/v). In order to prevent 
the microbial growth, sodium azide 0.01% was added to all solution 
during the experiments and maintenance.

Rheology measurement

The rheological properties of solutions were measured using a 
rotational viscometer (Model DV-III ULTRA, Brookfield Engineering, 
Inc., USA) at different temperature 30, 40 and 50°C using the spindle 
SC4-18 at shear rates from 1 to 330 s-1. Samples were placed in the 
temperature-controlled measurement vessel and allowed to equilibrate 
to the defined temperature for 5 min prior the experiments. The volumes 
of sample as well as the immersion depth of spindle were kept constant 
throughout the experiments. The shear rate dependency of steady 
shear rheological properties of Cordia solutions may be described by 
different flow models such as Power law, Herschel–Bulkley, Casson, 
Heinz-Casson and Mizrahi-Berk models [16-18]. Flow behavior of the 
solutions was described by fitting the experimentally measured shear 
stress-shear rate data to the power law (1) and Herschel-Bulkely model 
(2) which, was described as follows:

.K nτ γ ∧=   (1)
._ 0 K nτ τ γ ∧= +   (2) 

Where, τ is shear stress (Pa), γ is the shear rate (s-1), k is the 
consistency coefficient (Pa.sn) and n is the flow behavior index 
(dimensionless) and τ_0 is the yield stress. The effect of temperature 
on Cordia gum viscosity was studied by an Arrhenius-type equation 
[16,19,20]:

  _ 0exp( )aE
RT

η η= (3)

Where, η0 is a constant (apparent viscosity at reference temperature, 
Pa.s), Ea is the activation energy (J/mol), T is the absolute temperature 
(K) and R is the universal gas constant (J/mol.K). All the experiments 
were performed in triplicate and the data were averaged.

Results and Discussion
Effect of temperature on the rheological properties of Cordia 
gum

The dependency of the apparent viscosity of Cordia gum (4% 
w/v) to shear rates (1-330 s-1) at different temperatures is shown in 
figure 1. The apparent viscosity of gum was drastically affected by 
temperature, and it decreased from 234.9 to 7.46 Pa.s with increasing 
temperature from 30 to 50°C. It can also be found, the viscosity of 
solutions of the polysaccharide decreased with increase in shear rate 
at all the temperatures and Cordia gum exhibited interesting pseudo-
plastic behavior. As the temperature was increased exhibition of 
pseudo-plastic behavior decreased with behavior at 50°C being almost 
Newtonian. When solutions are heated the viscosity decreases as the 
thermal energy of molecules increases and the intermolecular distances 
increase. Also, it reflects the expected decrease in chain overlap and 
entanglement when temperature is increased. A similar decrease in 
temperature was also observed in other polysaccharides such as pectin, 
starch and Basil seed gum [21-23].

Shear thinning, as was observed for solutions of C. abyssinica 
polysaccharide, occurs when the rate of disentanglement by shearing 
forces becomes greater than the rate of formation of new entanglements 
and thus the polymer molecules become disentangled, the network is 
depleted and viscosity is reduced. When shear rate is increased, the 
polymer molecules would be expected to become disentangled and 
align themselves in the direction of flow, thus offering less resistance to 
flow leading to a decrease in viscosity. The degree of pseudo plasticity 
of solutions of polysaccharide is dependent upon the concentration 
of the gum, its salt form if it is ionic, and its molecular weight [24]. 
The molecular weight of C. abyssinica was about 1800 Kda which 
is more than BSG [25]. Thus, a gum solution may have almost 
Newtonian behavior at low concentration and pseudoplastic flow after 
the ‘break point’ in concentration is reached. In general, solutions of 
high molecular weight polysaccharides are more pseudoplastic and 
therefore, more affected by shear than low molecular weight gums. 

In addition, the apparent viscosity decreasing intensely at low shear 
rate (from 1–70 s-1) and less rapidly at higher shear rate range (70–330 
s-1). At low shear rates, Newtonian region was not detected showing 
that the zero-shear viscosity could exist at these shear rates. In general, 
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Figure 1: Effect of temperature on shear thinning behavior of Cordia gum in 
asecnding (filled symbols) and descending (empty symbols) curves.
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polysaccharide molecules with stiff conformation contribute to high 
zero-shear rate viscosity and possess strong shear-thinning properties. 
This is because stiff polymer molecules are quickly aligned in the 
direction of flow as the shear rate increases and therefore physical 
interactions between adjacent polymer chains decrease. A high shear 
thinning behavior of polysaccharides allows liquid foods to be pumped 
easily and imparts a thinner consistency during swallowing [26]. 
Szczesniak and Farkas [27] have shown correlation a higher degree of 
shear thinning with a lower degree of sliminess in the mouth produced 
by hydrocolloids [27]. The same rheological behavior was obtained for 
Basil Seed Gum (BSG) solutions at different concentrations [23]. Since, 
the viscosity of Cordia gum was decreased more sharply than a BSG 
solution at shear rate range (1-50 s-1) indicating Cordia gum possess 
high zero shear viscosity. Consequently, the mouth feel characteristics 
of Cordia may be even better than BSG, CMC, pectin, carrageenan 
or mono-hydrocolloid based on the higher shear-thinning properties 
[23,17,26,28,29]. The improving of rheological characteristics of 
solutions depends on the distribution of molecular weight, the degree 
of hydration of the hydrocolloids molecules, the extent of interaction 
with different molecules or molecules of the same type, concentration 
of the polymer and environmental conditions, such as temperature and 
the presence of other types of molecules [30].

Modeling of rheological behavior

In order to fit the data using rheological models, Dervisoglu and 
Kokini [31] suggested using two different models including at low and 
high shear rates. Moreover, the range of shear rate being considered 
in the modeling can result in different values of the rheological 
parameters (e.g. different n and K values). The log-log plot of apparent 
viscosity versus shear rate was shown in figure 2. There was a nearly 
linear relationship between the log of the apparent viscosity (ηap) and 
the log of the shear rate (γ) at shear rates and temperatures included in 
this study. The slope of the curve was high initially (0.037-0.045) and 

decreased with increasing shear rate (0.029-0.034). The turn point of 
slope curve was obtained at shear rate about 133s-1. The linear shape of 
the log graphs was consistent with those observed for higher molecular 
weight polysaccharides and characterises the pseudoplastic behavior of 
the solutions [32]. Similarly, linear plots were observed when double 
logarithmic plots relating viscosity to shear rates were made when 
studying the effect of pH and salts on viscosity of C. abyssinica [25]. 
The effect of temperature on rheological parameters of Cordia gum 
solutions based on Power law equation was shown in table 1. It can 
be seen, n decreased and k increased as temperature was increased. 
However, the correlation coefficient of this model for Cordia gum 
was nearly good at this shear rate range (1-330 s-1) and temperatures, 
but it was stated that although the pseudo-plastic behavior of many 
polysaccharides can be fitted by the Power law equation and provides a 
reasonably linear fit over several decades of shear rates, it is inadequate 
if a wide range of shear rates is to be examined [33]. Therefore, other 
models such as Herschel–Bulkley and Casson were also explored. 

For polysaccharides that exhibit yield stress such as xanthan gum 
[17,18], models that include yield stress terms are more adequate. 
From the flow curves, Cordia polysaccharide showed the presence of 
yield stress (Figure 3). It can be found, shear stress values decreased at 
low shear rates which, can be interpreted as the result of the existence 
of a static/dynamic yield stress. So, the Herschel–Bulkley model was 
applied in rheological modeling. Among the rheological models, the 
Herschel–Bulkley equation gave the best fit for the flow behavior of 
Cordia gum in the shear rate range of 1-330 s-1. The flow behavior 
index (n) and consistency coefficient (K) values obtained using the 
Herschel–Bulkley model in both upward and downward curves at 
different temperatures were presented in table 2. These values showed 
a weak thixotropic behavior particularly at low shear rates, due to 
the differences between n and K in upward and downward curves 
(p < 0.05). The order of magnitudes of flow behavior index ranged 
between 1.06-1.27 and 0.703-0.770 at different temperatures (30-50°C) 
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Figure 2: The logarithmatic plot of apparent viscosity (ηap) versus shear rate 
( ) at different temperatures.
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Figure 3: Illustration of dynamic and static yield stress in C. abyssinica by 
using shear stress-shear rate curve.

Temperature (°C)
Ascending curve Descending curve

n(-) K(Pa.sn) R2 n(-) K(Pa.sn) R2

30 0.44 ± 0.05 1.72 ± 0.44 94.18 0.53 ± 0.03 1.05 ± 0.14 99.02
40 0.29 ± 0.05 5.69 ± 1.55 83.76 0.37 ± 0.03 3.77 ± 0.55 97.11
50 0.14 ± 0.06 20.49 ± 2.81 78.91 0.25 ± 0.02 10.74 ± 1.52 93.52

Table 1: Effect of temperature on rheological parameters of Cordia gum solutions based on Power law model.
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for the upward and downward curves, respectively. Also, consistency 
coefficient (K) was 0.032-0.036 and 0.293-0.322 Pa.sn for the upward 
and downward curves, respectively. By increasing the temperature 
from 30 to 50oC in both curves, n decreased and K increased. The 
reduction of the flow behavior index with increasing temperature 
indicates more pseudoplasticity at low shear rates [26]. In comparison 
with Cordia Gum, in BSG solutions, n increased and K decreased 
from 5 to 85°C [23]. The increasing of the flow behavior index with 
increasing temperature was also obtained for Monoi gum, guar gum 
[26] and carrageenan [17].

The values of the static yield stress obtained by extrapolation in 
figure 3 were 8.14, 16.80 and 33.39 at 30, 40 and 50°C temperatures, 
respectively. These values were significantly more than the magnitudes 
of the dynamic yield stress determined by fitting the data using 
the Herschel–Bulkley model (Table 2). The presence of yield stress 
implies that Cordia gum has high suspension’s ability which is a useful 
property when used as a stabilizer in food products such as mayonnaise 
and salad dressings. This is the reason for xanthan which exhibits yield 
stress [17,18], to be commonly used in colloidal systems, where the 
long-term stability is markedly increased with its addition [34]. From 
a process design point of view, the magnitude of yield stress is related 
to the amount of material retained on the walls of containers and 
transportation vessels which may sometimes be undesirable [17].

The apparent viscosities of Cordia gum at temperatures 30, 40 
and 50°C followed an Arrhenius type model (Fig. 4). Arrhenius 
Parameters including frequency factors (ηo), activation energies (Ea) 
and coefficients of determination (R2) at shear rates 15, 40, 60, 100, 
120 and 330 s-1 are presented in table 3. The magnitude of ηo increased 
from 21.9×10-3 to 459×10-3 as shear rate decreased from 330 to 15/s. 
A reduction in activation energy was also observed with increasing 
shear rates. As shown in figure 4, slope values were relatively low at all 
shear rates which is related to low activation energy of Cordia gum. The 
activation energy of BSG at 2% was reported about 5000 J/mol at shear 
rate 100/s which is more than Cordia gum at the same shear rate. Low 
values of the activation energy imply that the Cordia gum can maintain 
its viscosity at higher temperatures. Gums such as xanthan (Ea=5740 
J/mol) have been reported to be temperature stable by Marcotte et al. 
[17], Sworn and Rocks [17,35,36]. However, a decrease in viscosity 
by 50% from 20 to 80°C has been detected in galactomannans [37]. It 
seems Cordia gum have proper rheological behavior which, enables it 
to apply in food formulation and processing.

Conclusion
The rheological properties of Cordia Abyssinica gum as a 

novel hydrocolloid is required if it would be applied in the food, 
pharmaceutical and textile industries. The apparent viscosity of 
gum was drastically affected by temperature, and decreased from 
234.9 to 7.46 Pa.s by increasing temperature. It was exhibited weak 
thixotropic behavior particularly at low shear rates which became 
almost Newtonian at 50°C. In comparison with BSG, Cordia posses 
high zero shear viscosity. The Herschel-Bulkely model was found 
the most suitable rheological model to characterize flow behavior of 

Cordia gum. The pseudoplacticity decreased and consistency increased 
with increasing temperature. The activation energy of Cordia gum was 
less than BSG and xanthan gum which implies that it could maintain 
viscosity at higher temperatures. The presence of a high yield stress 
and high pseudoplastic behavior of Cordia could qualify it as a good 
stabilizer in food formulations such as mayonnaise and salad dressing. 
Further work is underway to understand the dynamic rheological 
behavior and it gelling ability at different conditions.
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