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Molecular parameters and intrinsic viscosity of Nettle seed (Urtica pilulifera) 1 

gum as a function of temperature 2 

 3 

Zahra Zamani1, Seyed M.A. Razavi1* 4 

 5 

This research focused to determine some molecular properties of Nettle seed gum (NSG), as one of 6 

novel and natural source of hydrocolloids, at various temperatures (10, 25, 40, 55, and 70°C) in the 7 

dilute region. The results displayed that among the models studied, the Higiro 2 model with highest 8 

R2 and lowest RMSE values was the most proper model for determining the intrinsic viscosity of 9 

the NSG. According to this model, the intrinsic viscosity value of NSG was obtained in the range of 10 

0.15–0.21 dl/g. It was also revealed that, as the temperature raised, the intrinsic viscosity of NSG 11 

declined. The shape factor of NSG at 40°C was spherical, however, with increasing the temperature 12 

from 40°C to 70°C, it was changed to an ellipsoidal shape. Berry number and master curve slope 13 

revealed that NSG solution at all temperatures was within the dilute regime and that no molecular 14 

entanglements were present. The parameter b values acquired for NSG at the intended 15 

temperatures showed that the molecular conformation of NSG was random coil. The activation 16 

energy and chain flexibility parameter calculated for NSG at the studied temperatures were 17 

0.488×107 J/kgmol and 587.2, respectively. 18 

 19 

 20 

 
 
1 Department of Food Science and Technology, Ferdowsi University of Mashhad, PO Box: 91775-1163, Mashhad, 

Iran. *Corresponding author email: s.razavi@um.ac.ir 

 

 

 

 

 

mailto:s.razavi@um.ac.ir


2 

 

Urtica pilulifera L. is a member of the Urticaceae family1. Urtica pilulifera L. plant grows 21 

widely in areas with the Mediterranean climate2. This plant has been applied for the treatment of 22 

gastritis, urinary infections, and enteritis, rheumatism, liver inflammation, also skin diseases3.  23 

When Urtica pilulifera seeds are placed in water, the mucilaginous layer around the seeds absorb 24 

water and swell. Recently, the optimal conditions for extraction of Nettle seed (Urtica pilulifera) 25 

mucilage (NSG) were identified by the response surface methodology (RSM)4. Also, some 26 

physicochemical, rheological, and functional properties of NSG as a novel and natural source of 27 

hydrocolloids has been recently perused5. The chemical compositions of NSG were reported as 28 

follows: moisture, 9.50%; ash, 15.30%; protein, 10.42%; lipids, 1.02%; carbohydrate, 63.09% 29 

and uronic acids, 10.75%, indicating the polyelectrolyte nature of this hydrocolloid. The 30 

constituent sugars of NSG were composed of rhamnose (13.98%), arabinose (0.02%), galactose 31 

(2.99%), glucose (2.61%), xylose (0.07%), and galacturonic acid (24.71%). Besides, the effects 32 

of shear rate (14–400 s-1), concentration (3-5%), and temperature (10-70°C) on the rheological 33 

properties of NSG were studied and modelled. It was also revealed that the NSG can be used as 34 

an emulsion/foam stabilizer in the food and pharmaceutical systems5.  35 

Viscosity estimation in the dilute solution regime, in which individual polysaccharide coils are 36 

well separated from each other, and are free to move independently, is crucial in providing the 37 

information on how molecules behave in solution and the way the structure and fundamental 38 

properties of biopolymers are related6. The intrinsic viscosity, [], is a characteristic of 39 

macromolecules that directly depends on their ability to disturb the flow and indirectly on the 40 

size and shape of the molecules7. Attractive and repulsion interactions between macromolecules 41 

chains affect the hydration and as a result, the hydrodynamic volume of the molecules, the 42 

hydrodynamic volume is mainly related to the conformation of macromolecules in solution. The 43 
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changes in the molecular parameters such as hydrodynamic volume, conformation, shape, and 44 

macromolecular entanglements can be witnessed by variations in the intrinsic viscosity8. Many 45 

researches have been done to determine the intrinsic viscosity of different hydrocolloids9-16. The 46 

molecular parameters including solution viscosities, molecular shape & conformation, 47 

voluminosity, and etc. seem to be beneficial to understand and predict the functional properties 48 

of hydrocolloids in the semi-dilute solution regime at various conditions like temperature, pH, 49 

and etc. Due to the diversity in biopolymers’ structure and also external conditions in the fluid 50 

flow systems, the dilute solution properties are greatly dependent to the selected biopolymer15. 51 

The literature review displays the absence of perfect and enough data concerning this emerging 52 

hydrocolloid in the dilute solution domain. Therefore, this research aimed at the effect of 53 

temperature (at the levels of 10, 25, 40, 55, and 70◦C) on some dilute solution properties 54 

(intrinsic viscosity; voluminosity, and shape factor; molecular conformation; activation energy 55 

and chain flexibility parameter) of the NSG to evaluate its potentials in the food and 56 

pharmaceutical systems. 57 

 58 

Materials and methods 59 

Sample preparation. Nettle seed (Urtica pilulifera) gum was produced under the optimized 60 

conditions, as expressed by Zamani et al.4. Nettle seeds were soaked in the distilled water at a 61 

water/seed ratio of 40:1 and a set temperature of 59±1.0 ∘C for a period of 3.4 h (204 min). Then, 62 

the mucilage was extracted from the swelled seeds by a lab-scale extractor (model 402, Pars-63 

Khazar Com., Iran) and dried in a forced-convention laboratory oven (model 4567, Kimya Pars 64 

Com., Iran) at 36 ∘C, milled and sieved by applying a mesh 18 sifter. NSG powders were 65 

packaged in seal bags and maintained in a cool and dry place for further measurements. 66 
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 67 

Estimation of intrinsic viscosity. Gum solutions (2.5 g/dl) were prepared by dispersing the NSG 68 

powder in deionized water. The samples were then stirred (500 rpm) with a magnetic stirrer for 69 

60 min at 25 ∘C until complete dissolution, and the solutions were placed in a refrigerator at 4 ∘C 70 

for 24 h to complete the hydration. The dynamic viscosity of the NSG solutions () and the 71 

solvent (s¸ deionized water) were measured at three replications in a thermostatic water bath, 72 

using an Ubbelohde capillary viscometer (Cannon Instrument, USA; capillary tube No. 100, 73 

K=0.019908 mm2/s2). The measurements were performed at five temperature levels of 10, 25, 74 

40, 55, and 70◦C. To obtain the dynamic viscosity of the samples, the time of passage between 75 

two lines marker of the viscometer was recorded. Data were used to calculate the relative 76 

viscosity (ηrel) and specific viscosity (ηsp) using the following relationships: 77 

 78 

                                                                𝜂𝑟𝑒𝑙 = 𝜂/𝜂𝑠                                                                   (1) 79 

 80 

                                                      𝜂𝑠𝑝 = 𝜂 − 𝜂𝑠𝜂 𝑠 = 𝜂𝑟𝑒𝑙 − 1                                                        (2) 81 

 82 

The intrinsic viscosity [η] is often estimated using the Huggins equation (3) and Kraemer 83 

equation (4) models. Based on these models, the reduced viscosity (ηsp/C) and inherent viscosity 84 

(lnηrel/C) data versus the gum concentration were plotted and then the curves were extrapolated 85 

to zero concentration. The intercepts were considered as the intrinsic viscosity17. 86 

Huggins’ equation18: 87 

 88 

                                                         
𝜂𝑠𝑝𝐶 = [𝜂] + 𝐾𝐻[𝜂]2 𝐶                                                         (3) 89 
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Kraemer’s equation19: 90 

 91 

                                                        
𝑙𝑛𝜂𝑟𝑒𝑙𝐶 = [𝜂] + 𝐾𝐾[𝜂]2𝐶                                                       (4) 92 

 93 

where, kH, kk, and C are the Huggins constant, the Kraemer constant; and the gum concentration, 94 

respectively. McMillan et al.20 stated that methods of intrinsic viscosity determination based on 95 

slopes of plots (e.g. Tanglertpaibul-Rao’s model equation (5) and Higiro’s models equations (6), 96 

and (7) have a higher correlation coefficient and a lower standard error than the methods based 97 

on the extrapolation (e.g. Huggins and Kraemer models). Nickerson et al.21 also stated that since 98 

polymer concentrations are provided by sequential dilution, the error in the expression (ηsp/C) 99 

increases, and the data fitting to the Huggins model is difficult. Therefore, in the present study, 100 

three following slope-based models were used to estimate the intrinsic viscosity of the samples. 101 

Tanglertpaibul-Rao’s equation7: 102 

 103 

                                                           𝜂𝑟𝑒𝑙 = 1 + [𝜂]𝐶                                                                 (5) 104 

Higiro’s equations22: 105 

                                                           𝜂𝑟𝑒𝑙 = 𝑒[𝜂]𝐶                                                                        (6) 106 

                                                                                                                                      107 

                                                            𝜂𝑟𝑒𝑙 = 11−[𝜂]𝐶                                                                      (7)  108 

 109 

Estimation of Shape factor and swollen volume parameters. Based on the following equation, 110 

intrinsic viscosity depends on two crucial molecular parameters, namely the shape factor and 111 

swollen volume23: 112 



6 

 

 113 

                                                            [𝜂] = ѵ. ѵ𝑆                                                                        (8)  114 

 115 

where, ѵ is the biopolymer shape factor which is known as the viscosity increment, and ѵs is the 116 

biopolymer swollen volume or the voluminosity. The swollen volume depends on relative 117 

viscosity and is determined from the intercept of the plot of Y versus the concentration as 118 

follows: 119 

 120 

                                               𝑌 = 𝜂𝑟𝑒𝑙0.5 − 1/[𝐶(1.35𝜂𝑟𝑒𝑙0.5 − 0.1)]                                         (9) 121 

 122 

Estimation of molecular conformation. The power-law relationship equation (10) was applied to 123 

determine the exponent b, as the slope of the logarithmic diagram of the specific viscosity versus 124 

the concentration. This parameter is generally used to describe the polysaccharide 125 

conformation24. 126 

 127 

                                                                𝜂𝑠𝑝 = 𝑎𝐶𝑏                                                                  (10) 128 

 129 

Determination of the chain flexibility parameter and activation energy. The reduction in the 130 

viscosity of the polymer solution in the Newtonian domain with increasing temperature mostly 131 

follows the Arrhenius-type equation12: 132 

 133 

                                                             [𝜂] = 𝐴𝑒𝐸𝑎/𝑅𝑇                                                               (11)  134 

 135 
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where, [η] is the intrinsic viscosity (dl/g), A is the model constant, Ea is the activation energy 136 

(kJ/kgmol), R is the universal gas constant (kJ/kgmol.K), and T is the absolute temperature (K). 137 

Typically, the Ea/R value is an indicator of biopolymer’s chain flexibility so that high values of 138 

Ea/R indicate low chain flexibility25. 139 

 140 

Statistical analysis. To survey the effect of temperature (at five levels of 10, 25, 40, 55, and 70◦C) 141 

on the dilute solution properties of NSG, a completely randomized design with three repetitions, 142 

and Duncan test at a 95% confidence level were applied for statistical analysis and comparing 143 

means by SPSS software version 22, respectively. Also, MATLAB software (R2013a) was used 144 

to select the most appropriate model for intrinsic viscosity estimation. Microsoft Excel 2010 145 

software was used to draw the graphs. 146 

 147 

Results and discussion 148 

Intrinsic viscosity. Intrinsic viscosity is an indicative of the hydrodynamic volume occupied by 149 

each macromolecule26, which provides an in-depth insight into the molecular characteristics10. 150 

The interaction between various polymers, the fragments of a polymer chain, and between the 151 

polymer chains and the solvent molecules affects the polymer conformation. On the other hand, 152 

polymer conformation is affected by temperature and polymer concentration27. In this study, the 153 

intrinsic viscosity was specified by two methods, that in the first method, it was estimated using 154 

the Huggins and Kraemer equations (3), and (4), while in the second method, it was computed by 155 

the Tanglertpaibul & Rao equation (5) and Higiro 1 & 2 equations (6), and (7)11, 20. Figures 1 and 156 

2 show the results of fitting by the investigated models to the experimental data obtained for 157 

NSG in the dilute regime. In the present research, due to the lack of a logical relationship 158 
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between intrinsic viscosity and temperature changes, Huggins and Kramer’s equations were not 159 

considered as the appropriate models (Table 1). Slope-based relations (Tanglertpaibul-Rao, 160 

Higiro 1 & Higiro 2) showed high efficiency for determination of the intrinsic viscosity of NSG 161 

at 25 oC, because they displayed a better linear fit with maximum R2 and minimum RMSE 162 

values (Table 2). McMillan20, and Razavi et al.11, also found that slope-based methods had 163 

higher significant correlation coefficients and lower standard errors than those intercept-based 164 

methods. It is probably due to the sequential dilution in sample preparation that increases the 165 

error in ηsp/C term21. Besides, Launay28 reported that the Huggins equation is just credible at 166 

sp< 0.7. In this research, the ηsp value of the NSG was between 0.2 and 1.0. Behrouzian et al.9, 167 

Lai et al.24, and Higiro et al.29 also applied slope-based methods to estimate the intrinsic viscosity 168 

of cress seed gum, Hessian Tsao gum, and xanthan gum, respectively. Lapasin and Prickel30 169 

stated that for non-ionic polysaccharides (such as acacia bean gum), reduced viscosity (ηsp/C) 170 

increases with small uniform slope as polymer concentration elevates, and for ionic 171 

polysaccharides (such as xanthan), due to the electrostatic repulsion between the chains and the 172 

dimensions of the developed helix, reduced viscosity (ηsp/C) increases steadily with very rapidly 173 

slope with increasing polymer concentration. According to Figure 1, the behavior of NSG is 174 

similar to that described for ionic polysaccharides by Lapasin and Prickel30. As shown in Table 175 

2, about the effect of temperature, the Higiro 2 model (equation (7)) displayed highest efficiency 176 

among the applied models because of the higher R2 and lower RMSE values obtained. Therefore, 177 

this model was selected as the most appropriate model for computing the intrinsic viscosity of 178 

the NSG. Based on this model, the intrinsic viscosity value of NSG has obtained as 0.2 dl/gr at 179 

25°C. When the temperature enhanced from 10◦C to 70◦C, the intrinsic viscosity of NSG 180 

decreased from 0.2 to 0.15 dl/gr (Table 2). Because of increasing the vibrations of molecules and 181 
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intermolecular distance, it may be attributed to the abruption change in the gyration of NSG 182 

macromolecules as a result of increasing their chains’ flexibility28,31. These results were 183 

consistent with previous observations10,12,13,32,33. Oppositely, Stivala and Bahary34 expressed that 184 

by raising temperature from 25 to 57◦C, the intrinsic viscosity of Levan was increased. 185 

Furthermore, Haug and Smidsrod35 stated that the temperature has little effect on intrinsic 186 

viscosity of alginate. In comparison, the intrinsic viscosity of NSG was almost the same as 187 

reported for Anghouzeh gum (0.213 dl/gr)36, and Albizia gum (0.23 dl/gr)37, and lower than guar 188 

(9.25 dl/gr)38, xanthan gum (214.21 dl/gr)22, and Nettle seed (Urtica dioica) gum (8.56dl/gr)16, 189 

and higher than cashew gum (0.1 dl/gr at 20◦C)39, and gum Arabic (0.177 dl/gr at 25◦C)40. 190 

 191 

Kraemer Huggins 

RMSE R2 [η] RMSE R2 [η] Temperature 

(◦C) 

0.052 0.689 0.168±0.033b 0.037 0.844 0.100±0.042b 10 

0.004 0.920 0.217±0.003a 0.007 0.974 0.179±0.004a 25 

0.005 0.868 0.181±0.001b 0.005 0.975 0.138±0.003ab 40 

0.013 0.781 -0.249±0.006d 0.017 0.872 -0.395±0.011d 55 

0.005 0.943 0.027±0.010c 0.006 0.970 -0.041±0.016c 70 

 192 

Table 1. Comparison of intrinsic viscosity ([η], dl/gr) of Nettle seed gum (NSG) solution using 193 

Huggins and Kraemer models at different temperatures. Results are expressed as means ± SD for 194 

three replications. a-d: Means followed by the same letters in the same column for each 195 

temperature are not significantly different (P > 0.05). 196 
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Tanglertpaibul & Rao Higiro (2) Higiro (1) Temperature 

(◦C) RMSE R2 [η] RMSE R2 [η] RMSE R2 [η] 

0.114 0.849 0.360±0.001a 0.031 0.986 0.208±0.001a 0.057 0.947 0.269±0.001a 10 

0.081 0.899 0.356±0.002a 0.009 0.991 0.208±0.001a 0.023 0.977 0.268±0.001a 25 

0.066 0.868 0.315±0.002ab 0.007 0.991 0.195±0.001a 0.023 0.959 0.245±0.001a 40 

0.248 0.718 0.233±0.002bc 0.133 0.896 0.157±0.001b 0.180 0.813 0.189±0.001b 55 

0.072 0.706 0.222±0.001c 0.022 0.875 0.150±0.000b 0.042 0.792 0.181±0.001b 70 

 197 

Table 2. Comparison of intrinsic viscosity ([η], dl/gr) of Nettle seed gum (NSG) solution using Tanglertpaibul & Rao and Higiro 198 

models at different temperatures. Results are expressed as means ± SD for three replications. a-c: Means followed by the same letters 199 

in the same column for each temperature are not significantly different (P > 0.05). 200 
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 201 

 202 

Figure 1. A typical dual Huggins (♦) and Kraemer (■) plots of Nettle seed gum (NSG) in 203 

deionized water (25 ◦C). 204 

 205 

 206 

Figure 2. A typical triple Tanglertpaibul-Rao (▲), Higiro 1(♦) & Higiro 2(■) plots of Nettle 207 

seed gum (NSG) in deionized water (25 ◦C). 208 
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Voluminosity and shape factor. The intrinsic viscosity depends on two critical molecular 210 

parameters, namely the shape factor () and voluminosity (ѵs). The shape factor is a 211 

dimensionless parameter, which indicates the shape of a polymer in solution41. If the amount of 212 

the shape factor () is equal to 2.5, the macromolecule shape is spherical, higher amount is 213 

relevant to the ellipsoidal shape and amounts less than 2.5 show oblate or prolate shapes23. As 214 

observed in Table 3, at the temperatures below 40 °C, the shape factor value was less than 2.5, 215 

indicating that the NSG macromolecules are oblate/prolate in shape. At 40°C, the shape factor 216 

was 2.5, so the NSG polymers are spherical in shape. With increasing the temperature from 40◦C 217 

to 70◦C, the shape factor value of NSG increased from 2.55 to 7.24, which represents more 218 

expanded conformation (ellipsoidal) at high temperature (Table 3). These findings were 219 

consistent with the data of intrinsic viscosity (Table 2). Regarding the impact of temperature on 220 

the shape factor value, similar findings were reported by Yousefi et al.12, and Razavi et al.11. 221 

Shape factor values of smaller than 2.5 were reported for cress seed gum and dextran gum by 222 

Mohammad Amini et al.10, and Antonio et al.23, respectively.  223 

 224 

 ѵs (dl/g) Temperature (◦C) 

2.310±0.418c 0.092±0.019a 10 

2.330±0.019c 0.089±0.001a 25 

2.550±0.025c 0.076±0.001a 40 

4.380±0.272b 0.036±0.002b 55 

7.240±1.119a 0.021±0.004b 70 

 225 
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Table 3. Voluminosity (ѵs) and shape factor () of Nettle seed gum (NSG) at different 226 

temperatures. Results are expressed as means ± SD for three replications. a-c: Means followed 227 

by the same letters in the same column for each temperature are not significantly different (P > 228 

0.05). 229 

 230 

The voluminosity or the swollen specific volume (ѵs) represents the polymer configuration in 231 

various solvent conditions11,23. Solvent bonding causes the anhydrous macromolecule to expand 232 

when dissolved or dispersed in water so that ѵs can be supposed as a scale of solvent bonding 233 

with macromolecule or the macromolecule volume in solution per unit mass of biopolymer 234 

without water42. The values of voluminosity (ѵs) of NSG at different temperatures are shown in 235 

Table 3. By elevating the temperature from 10∘C to 70∘C, the swollen specific volume declined 236 

that shows the NSG polymer dimensions or the solvent power decreased11. As voluminosity is 237 

described as the volume of the hydrated biopolymer per unit mass of dry biopolymer, the 238 

achieved results from ѵs validated the obtained findings of the intrinsic viscosity (Table 3). 239 

Similar findings regarding the impact of temperature on ѵs were reported by Razavi et al.11. 240 

 241 

The molecular conformation. The coil overlap parameters including the master curve slope 242 

(MCS), critical concentration (C*) and the berry number (C[η]). The plot of log (ηsp) versus log 243 

C[η], which is known as the ‘‘master curve’’, is applied to designate the coil overlap parameters 244 

in the dilute regime43,44. The berry number is a dimensionless parameter representing the volume 245 

taken up by the polymer molecules in solution43,44. The molecular entanglements occur when 246 

Berry number (C[η]) is higher than one45,46, so in semi-dilute solutions, the Berry number is in 247 

the range of 1.0-10.045. In the present research, this parameter calculated for NSG solution was 248 
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in the range of 0.21-0.52 at 25°C, which indicates that no coil overlap and molecular 249 

entanglements happened (Table 4).  250 

 251 

B C[η] MCS Temperature (◦C) 

1.42±0.40b 0.29-0.51 0.76±0.00 10 

1.44±0.01b 0.21-0.52 0.81±0.00 25 

1.56±0.01b 0.25-0.48 1.12±0.00 40 

1.95±0.04a 0.21-0.39 1.32±0.40 55 

2.21±0.07a 0.24-0.37 1.40±0.00 70 

 252 

Table 4. The values of master curve slope (MCS), Berry number (C[η]) and exponent b (slope of 253 

log ηsp vs. log C) of Nettle seed gum (NSG) solution at different temperatures. Results are 254 

expressed as means ± SD for three replications. a-b: Means followed by the same letters in the 255 

same column for each temperature are not significantly different (P > 0.05). 256 

 257 

In a dilute solution, the master curve slope (MCS) value is less than 1.4, whereas for semi dilute 258 

regime, the MCS has been found in some cases close to 3.75, However, the published values of 259 

the slopes may vary for random coil polymers in good solvent from 3.4 up to 543. At the 260 

temperature range of 10-70°C, the master curve slop for the NSG solution was less than 1.4, 261 

indicating that it was within the dilute solution domain and that no molecular entanglements was 262 

present (Table 4).  263 

The parameter b, the slope of the power-law model (equation (10)), is displayed in Table 4. 264 

Morris et al.44 reported that within the dilute domain, parameter b values higher than the number 265 
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one is relevant to random coil conformation. In contrast, fewer values are a demonstration of 266 

rod-like conformation. The parameter b values for NSG at selected temperatures were ranged 267 

from 1.42 to 2.2, confirming the random coil conformation of the NSG macromolecules. Similar 268 

data were reported by Yousefi et al.12 for sage seed gum. They also found that by elevating the 269 

temperature from 25 to 65 °C, the amount of parameter b increases. 270 

 271 

Chain flexibility parameter and activation energy. The reduction in the viscosity of the polymer 272 

solution in the Newtonian domain with increasing the temperature generally follows the 273 

Arrhenius law. If the intrinsic viscosity was used in place of the Newtonian viscosity, the slope 274 

of the logarithmic plot of the intrinsic viscosity (ln[η]) against the inverse of absolute 275 

temperature (1/T) is applied as an indicator of macromolecular chain flexibility (Ea/R)47. Thus, 276 

high Ea/R value indicates low chain flexibility25. The chain flexibility parameter (Ea/R) and 277 

activation energy (Ea) calculated for the NSG at the studied temperatures were 587.2 K and 278 

0.488×107 J/kgmol, respectively. The chain flexibility parameter of NSG was lower than the 279 

value obtained for sage seed gum (3046.45)12, Balangu seed gum (1156.53)10, xanthan (1100)48, 280 

cellulose diacetate (645)49, Qodumeh Shirazi seed gum (618.54)15, but it was more than chitosan 281 

(488)50, indicating greater flexibility of the macromolecular chain of NSG in comparison to most 282 

hydrocolloids. Also, the value for the activation energy (Ea) of NSG was lower than sage seed 283 

gum (2.53×107 J/kgmol)12, chitosan (2.5×107 J/kgmol)51, Balangu seed gum (1.00×107 284 

J/kgmol)10, and almost similar to Qodumeh Shirazi seed gum (0.51×107 J/kgmol)15. 285 

 286 

Conclusion 287 
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In this paper, the influence of temperature (10, 25, 40, 55, and 70◦C) on some molecular 288 

parameters and intrinsic viscosity of NSG in the dilute regime has been examined. After fitting 289 

different models, the Higiro 2 model was selected as the best model to explain the behavior of 290 

the dilute solution of NSG. According to the results, with increasing the temperature, the amount 291 

of intrinsic viscosity, and voluminosity (ѵs) decreased. The results of the shape factor (ѵ) showed 292 

that at temperatures below 40◦C, the NSG macromolecules are oblate/prolate in shape but at 293 

40°C, they are spherical. With raising the temperature from 10◦C to 70◦C, the shape of NSG 294 

changed to ellipsoidal, indicating more expanded conformation at that high temperatures. Berry 295 

number and master curve slope (MCS) revealed that NSG solution at all temperatures was within 296 

the range of dilution solution regime and that no molecular entanglements were present. The 297 

value of the b parameter at different temperatures was acquired in the range of 1.4-2.2, which 298 

indicates the NSG conformation was the random coil. Based on the Arrhenius-type model 299 

parameters, which expresses the chain flexibility parameter of the macromolecules, it was shown 300 

that NSG has a relatively flexible chain. 301 

 302 
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Figures

Figure 1

A typical dual Huggins () and Kraemer () plots of Nettle seed gum (NSG) in deionized water (25 C).



Figure 2

A typical triple Tanglertpaibul-Rao (), Higiro 1() & Higiro 2() plots of Nettle seed gum (NSG) in
deionized water (25 C).


