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Abstract 
The rheological properties of five gum solutions (Gum Shiraz, Karaya Gum, 
Ghatti Gum, Arabic Gum and Gum Tragacanth) have been examined. The 
five mucilage solutions exhibited non-Newtonian, shear-thinning with thixo-
tropy at higher concentrations (0.5% - 1%, m/v). According to the change of 
viscosity with increasing temperature, all five gums could be defined as three 
types: gum tragacanth and gum shiraz have a good temperature stability; ka-
raya gum is affected by temperature obviously; the remaining two gums have 
a general stability. The viscosity of mucilage solutions (Arabic Gum, Ghatti 
Gum and Karaya Gum) had an apparent dependence on temperature. The 
parameter n of Shiraz Gum is the minimum, which means it has the best 
flow properties. The flow activation energy of karaya gum is 2.683 kcal 
which is the highest than other gums so that it has a great influence on 
temperature. The gum solutions’ viscosity had different sensitive degree 
over tested pH range (pH 2 - 10). Shiraz gum and arabic gum possessed bet-
ter acid-proof and alkali-proof respectively. The addition of salts (NaCl and 
CaCl2) led to the reduction of viscosity, which was more sensitive to Ca2+ than 
to Na+. Both storage modulus G’ and loss modulus G” of all five gums had a 
dependence on temperature and frequency. These results are potentially use-
ful for the application in the field of food processing. 
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1. Introduction 

Plant gum has a complex and highly branched structure with a large number of 
polysaccharides as well as protein and phenolics [1]. There are many groups that 
correspond to their functions [2] [3] [4] [5]. The application of plant gums is 
owing to the water-hold capacity to form a gel structure or thicken the liquid 
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and enhance the emulsion stability. The properties using in food have a high 
dependence on their chemical structure which could be assessed by rheological 
properties [6]. Some researchers have studied the rheological properties of some 
plant gums like arabic gum [7] and gum tragacanth [8]. However, there is also 
no research about the reasons that contribute to these different rheological 
properties among different plant gum. These studies also lack the systematic re-
search of rheological properties of plant gums such as frequency sweep and the 
factors influencing its rheological properties. Thus, the rheological properties of 
five plant gums were studied. According to market share, we selected five plant 
gums (karaya gum, ghatti gum, shiraz gum, arabic gum and gum tragacanth) to 
explore the common and specific characteristics between five plant gums. This 
work is also to make a guidance for these five plant gums (karaya gum, ghatti 
gum, shiraz gum, arabic gum and gum tragacanth) practical application in food 
processing and application. 

2. Materials and Methods 
2.1. Material and Sample Preparation 

The dry powders of five gums were supplied in dried form by Zhengzhou Boyan 
CO, China. Gums aqueous solutions at concentrations ranging from 0.1% to 2% 
(m/v) were prepared by dissolving the powder in distilled water. The solutions 
were agitated gently at 60˚C for 40 min, and then left to stand overnight to en-
sure gum hydration. HCl and NaOH (0.1 M) were used to adjust the pH of solu-
tions (1%). A small amount of HCl and NaOH was used in solution to avoid the 
influence of excessive Na+ and Cl−. All other chemicals used were of analytic 
grade. 

2.2. Rheological Measurements 

All samples were used for rheological measurements and were performed by us-
ing a rheometer (MCR101) equipped with a cone plate (50 mm diameter, cone 
angle 2˚). For these rheological measurements which includes steady shear 
properties, effects of concentration, temperature, pH salts on viscosity and dy-
namic viscoelastic properties. 

2.2.1. Steady Shear Properties 
For steady tests, samples were measured at a rate ranging from 0.01 to 100 s−1 at 
25˚C. The flow behavior could be analyzed by using the Power-law model (Equ-
ation (1))  

nkτ γ=                            (1) 

where τ the shear stress (Pa), k is the consistency coefficient (Pa.s n), γ is the 
shear rate (s−1), and n is the flow behavior index. This parameter provides an in-
dication of the conformation of polysaccharides [9] [10] [11]. 

The non-Newtonian fluids are classified into three different types according to 
the value of n:n < 1 shear-thinning fluids, n = 1 Newtonian fluids, n > 1 
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shear-thickening fluids. 

2.2.2. Effect of Concentration on Viscosity 
Five solution samples were used for rheological measurements to approach the 
effect of concentration on viscosity in the concentration of 0.1%, 0.2%, 0.5%, 1%, 
2% (m/v) respectively. 

2.2.3. Effect of Temperature on Viscosity 
The effect of temperature on viscosity was characterized using the rheometer. 
The heating temperature was from 20˚C to 90˚C, with heating rates of 5˚C/min. 
It is described by the Arrhenius equation (Equation (2)): 

( )expA Ea RTη =                        (2) 

where η is the viscosity (Pa s); A is the proportionality constant; Ea is activation 
energy (J/mol); R is gas constant (8.314 J/mol*K); and T is temperature (K). 

2.2.4. Effect of pH on Viscosity 
The pH value of sample solutions were adjusted to 2, 4, 6, 8, 10, 12 using 0.1 M 
HCl and NaOH and the viscosity was tested at 25˚C. 

2.2.5. Effect of Salt on Viscosity 
The effects of NaCl and CaCl2 on viscosity were investigated by rheometer. Their 
concentrations ranged from 0 to 30 mg/ml and the viscosity was tested at 25˚C. 

2.3. Dynamic Rheological Experiment 

Five solution samples (1%) were prepared by dissolving the powder in distilled 
water. The solutions were agitated gently at 60˚C for 40 min, and then left to 
stand overnight to ensure gum hydration. All dynamic rheological experiments 
were tested in the liner viscoelastic range. 

2.3.1. Temperature Sweep 
Temperature sweep tests between 20˚Cand 90˚C were carried out at a frequency 
of 4 Hz and 1% strain (in the linear viscoelastic range attained by strain sweep 
test) to determine the change of storage modulus (G’), loss modulus(G”) and 
loss tangent (tanδ). 

2.3.2. Frequency Sweep 
Frequency sweep tests were performed in the frequency range of 1 - 10 Hz at 1% 
strain and 25˚C to determined G’, G” and tanδ. 

2.3.3. Time Sweep 
Time sweep was carried out from 0 to 2000 s to study the complex modulus 
changes. 

2.4. Statistical Analysis 

Statistical analysis was carried out using Origin 8.0 by applying linear and 
non-linear regression methods. All the experiments were performed on triplicate 
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samples and the results were presented as the means ± SD. Differences between 
means (p < 0.05) were conducted by one way ANOVA using SPSS 19.0. 

3. Results and Discussion 
3.1. Steady Shear Properties 

Figure 1 shows the plot of variation of apparent viscosity for five gum solution 
samples. There is a decrease in viscosity with the shear rate increases, which 
means that all samples have shear-thinning properties. Gum tragacanth shows a 
different viscosity flow behavior with other gums. The remaining four kinds of 
gum, Karaya Gum sample shows the highest viscosity followed by Arabic Gum 
and Ghatti Gum and Gum Shiraz shows the lowest apparent viscosity among the 
tested shear rate range. The shear-shinning nature is due to the change in mole-
cular network, which caused by the alignment of polusaccharide chains in the 
direction of shear and the disruption of molecular tanglements under the appli-
cation of shear [12]. 

The molecular weight and the ability of combination of water molecular are 
the mainly reasons for the observed different shear properties [13]. In addition 
to structural reasons, the gum tragacanth has the effect of intermolecular electric 
field force [14]. So, the gum tragacanth showed a different flow curve. 

As shown in Figure 2, the flow behavior can be described by Power Law 
Model. The rheological parameters for viscosity were displayed in Table 1. The 
values of flow behavior index (n) are less than 1, which means the flow behavior of 
five plant gum solutions are non-Newtonian fluid. The K and n value respectively  

 

 
Figure 1. Apparent viscosity flow behavior for five gum solutions versus shear rate ramps 
(1% m/v, 25˚C) (KG-Karaya Gum, GG-Ghatti Gum, SG-Gum Shiraz, AG-Arabic Gum, 
TG-Gum tragacanth). 
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Figure 2. Shear stress flow behavior for five gum solutions versus shear rate ramps. 

 
Table 1. Rheological constants for powder law model. 

Sample 
Power Law 

k n R2 

Gum karaya 7.296 0.437 0.9958 

Ghatti gum 13.217 0.243 0.9795 

Gum shiraz 10.354 0.177 0.9230 

Arabic gum 10.212 0.315 0.9958 

Gum tragacanth 7.013 0.123 0.9667 

 
reflect the viscosity and shear-shinning properties. The ghatti gum solution has 
the highest K value indicates it has the highest viscosity. The gum karaya has the 
highest n value means the greater shear-thinning properties and the high value 
of n tend to feel slimy in the mouth.  

3.2. The Effects of Concentration, Temperature,  
Ph, Salt on Apparent Viscosity 

An increase in concentration with the increase of apparent viscosity was shown 
in Figure 3. As can be seen from Figure 3, all five plant gums exhibited great 
concentration-dependence behavior. Ghatti gum and arabic gum showed New-
tonian behavior at low concentration and there is a pseudoplasticity of 
shear-thinning with the higher concentration. The remain three kinds of gum 
were the non-Newtonian fluids at a low concentration which means these three 
samples could form hydrogen bond force and entanglement between molecules  
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Figure 3. Effect of different concentration on apparent viscosity of five plant gums ((a) ghatti gum; (b) gum karaya; (c) arabic 
gum; (d) gum shiraz; (e) gum tragatanth. 
 

at a low concentration. The Graessley’s entanglement theory explains this beha-
vior as the decrease in entanglement density upon induced flow, which depends 
on temperature and ploymer concentration [15]. 

The relationship between viscosity and temperature of five plant gums is 
shown in Figure 4. From the Figure 4, it clearly shows that temperature has a 
various influence on apparent viscosity. Based on the effect of temperature on 
viscosity, five plant gums could be divided into three types. The viscosity of shi-
raz gum and gum tragacanth has little changes as the temperature increases and 
have a good thermal stability. Compared with shiraz gum and gum tragacanth, 
the viscosity of karaya gum, ghatti gum and arabic gum decreased with the in-
crease of temperature from 0˚C - 90˚C, indicating the temperature dependence 
of these three gums. This may be attributed to molecular thermal motion caus-
ing by the increase of temperature, which enlarged the intermolecular distance 
and weakened the network structure. The effect of temperature on viscosity 
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could be described by arrhenius model and the parameter of Ea and R2 are 
showed in Table 2. The parameters of five gums’ activation energy (Ea) were 
different, in which a higher Ea means a more rapid change in viscosity [16]. As 
can be seen in Table 2, karaya gum has the highest value of activation energy, 
which means it was most sensitive to the change of temperature. The results 
suggest that temperature control is vital for karaya gum in food processing. 

As shown in Figure 5, the effect of pH on the viscosity was investigated. From 
the figure, the apparent viscosity was effected with the change of pH. Shiraz gum 
has a better alkali resistance. The apparent viscosity of arabic gum has a little 
change in the acidic range due to the nature of acidic polysaccharide. Gum tra-
gacanth showed the lowest viscosity at pH 8, then increase gradually and the 
apparent viscosity of gum tragacanth marked decline at a pH range of 2 - 8. This 
can attribute to the process of recovering the molecule after melting. There is a 
growing trend for the apparent viscosity of karaya gum and ghatti gum in an 
acidic environment. With the increase of H+ in solution, the polymer was disso-
ciated gradually, resulting in weakening in molecular force and the decrease of 
apparent viscosity. 

The effect of salt on viscosity is shown in Figure 6. The addition of salts led to 
a decrease in viscosity and the effects were more pronounced with increasing salt 
concentration. Comparatively, the viscosity of solutions is more sensitive to  

 

 
Figure 4. Effect of temperature on apparent viscosity of five plant gums. 

 
Table 2. Arrehenius equation parameters of apparent viscosity. 

 Karaya gum Ghatti gum Gum shiraz Arabic gum Tragacanth gum 

Ea(kcal) 2.683 0.831 0.503 1.038 0.605 

R2 0.970 0.971 0.962 0.997 0.955 
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Figure 5. Effect of pH on apparent viscosity of five plant gums. 

 

 
Figure 6. Effect of Salt on apparent viscosity of five plant gums. 

 

DOI: 10.4236/ajac.2018.94017 217 American Journal of Analytical Chemistry 
 

https://doi.org/10.4236/ajac.2018.94017


Q. Q. Miao et al. 
 

CaCl2 than to NaCl. These data also suggest that these five gums might be a ne-
gatively charged polyelectrolyte in solution. The addition of positive ions can 
reduce the repulsion forces of negatively charged polyelectrolyte molecules and 
molecular expansion, and hence produces a rapid reduction of viscosity [17]. 
Divalent salt CaCl2 has stronger capability to reduce the repulsion and molecular 
expansion than monovalent salt NaCl and it provided a significant effect on vis-
cosity. 

3.3. Dynamic Measurement Analysis 

We determined 1% strain and 4 Hz to test dynamic viscoelastic properties 
through stress sweep. All dynamic viscoelastic properties are tested in the linear 
viscoelastic range which the complex modulus (G*) keeps steady with the oscil-
lation changes [18]. Figure 7 shows the variation in G’(storage modulus) and 
G”(loss modulus) with the increase of temperature. As can be observed, all of G’ 
and G” show a downward trend in the range of temperature (20˚C - 90˚C). The 
storage modulus of ghatti gum, shira gum, arabic gum and gum tragacanth al-
ways greater than loss modulus according to the value of tanδ. All the value of 
tanδ is below 1, which indicates that mucilage solutions will show mainly the 
elastic properties and behave as a solid. However, the G’ value of karaya gum 
became zero after 60˚C and G” always superior to G’ which means that the mu-
cilage solutions show the viscous properties. 

The storage modulus and loss modulus of dynamic tests for 1% gum solutions 
are shown in Figure 8. The observation suggests that five gums (ghatti gum, 
shiraz gum, arabic gum and gum tragacanth) will exhibit elastic properties ac-
cording to the value of storage modulus G’ is higher than loss storage G” [19]. 
the G’ of shiraz gum and gum tragacanth tend to increase and then decrease at 
the range of 1 - 10 Hz, which indicates that SG and TG have a mutative in vis-
cosity properties over the entire frequency range. It has a different effect on mu-
cilage solutions of karaya gum. The loss modulus G” is higher than storage 
modulus G’ at a low frequency, then a cross over appears at 3 Hz and G’ become 
higher than G’ in the following frequency range, mucilage solution of karaya 
gum will show mainly elastic properties at a lower frequency. 

The variation in storage modulus G’ and loss modulus G” are represented in 
Figure 9. It is shown that the G’ and G” has no change with the increase of time, 
which means all five plant gums are not time-dependent fluids. The behaviors 
are consistent with the results of steady-state rheology analysis. 

4. Conclusions 

The results of this study investigated the rheological properties of five plant 
gums. Rheological results showed that all samples have the non-Newtonian 
shear-thinning properties at a high concentration, which could be described by 
the power law model. Mucilage solutions of all five gums were found obviously 
concentration and temperature dependent. They could be divided into three  
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Figure 7. Temperature sweep (G’, G”, tanδ) of five plant gums. 
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Figure 8. Frequency sweep (G’, G”, tanδ) of five plant gums. 
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Figure 9. Time dependent behavior of five plant gums. 
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types according to the change of temperature. All samples possessed different 
sensitive degree over the tested pH range and Shiraz gum and Arabic gum had 
acid-proof and alkali-proof advantages. A dependent of slats was also found, as 
the concentration of salt increased, and the viscosity decreased obviously. 

The dynamic viscoelastic properties were studied in the linear viscosity region. 
Both elastic modulus G’ and loss modulus G” had a dependence on frequency 
and temperature. The storage modulus G’ of ghatti gum, shiraz gum, arabic gum 
and tragacanth gum are always superior to loss storage G”, which means the 
elastic property has a better response to the temperature than the viscosity 
property. The karaya gum solution became a viscous fluid at a higher tempera-
ture. The tanδ of four gums is always lower than 1, which indicates that muci-
lage solutions will show an elastic property and a trendy to form a gel. For ka-
raya gum, the loss modulus G” is higher than storage modulus G’ at a low fre-
quency, and then a cross-over appears at 3 Hz. Shiraz gum and gum tragacanth 
tend to increase and then decrease at the range of 1 - 10 Hz. The storage mod-
ulus G’ is higher than loss modulus G” except the karaya gum. All five mucilage 
solutions are not time-dependent fluids. 
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