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Abstract 
The time-dependent flow behavior of reduced fat sesame paste/date syrup blends were assessed using Brookfield 
rotational viscometer as a function of fat replacers (guar gum, Xanthan, and modified starch) and shearing time. Two 
models were used to predict the time-dependent behavior, known as, first-order stress decay with a zero equilibrium 
stress and Weltman models. It was found that time-dependent behavior of samples was good fitted with these models 
and all blends exhibited the thixotropic behavior that increased with increasing shear rate. For Weltman model, the A and 
B constants appeared in the range of 189.23-730.60 Pa and 0.090-1.571 Pa respectively. While for first-order stress 
decay model, the initial shear stress (τ0) was in the range of 196.97-794.03 Pa and the breakdown rate constant (K) 
varied in the range of 0.006-0.018 s-1.   
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1. INTRODUCTION 
Halwa-Ardeh (semi solid paste) is a traditional food 
in Iran, which is produced by blending the sesame 
paste (namely Ardeh) with a proper sweetener such 
as date syrup. There is limited number of scientific 
papers about the rheological properties of sesame 
paste products [1-3], Therefore, the aims of this 
work were (1) to investigate the effect of different fat 
substitutes (modified starch, xanthan gum and guar 
gum) at three concentration levels on the time-
dependent rheological properties of reduced fat 
sesame paste/date syrup blends, and (2) to 
evaluate the time dependency of samples under 
shearing conditions using two models; first order 
stress decay model, with a zero equilibrium stress 
value and Weltman model. 

2. MATERIALS AND METHODS 
Commercial sesame paste (Ardeh) samples were 
obtained from Simorgh Company, Mashad, Iran. 
Blank sample was prepared by mixing sesame 
paste and date syrup in the proportion of 50:50 
wt/wt. Low fat sesame paste/date syrup blends were 
then produced by partial replacing fat with each of 
fat substitutes. Substitution levels were: xanthan 
gum (0.01, 0.015, and 0.02%), guar gum (0.1, 0.15, 
and 0.2%), and modified starch (0.75, 1.25, and 
1.75%). The flow behavior of samples were 
measured using the Brookfield rotational viscometer 
(Model RVDV-II, Brookfield Engineering Inc., USA) 
equipped with spindle model RV7. The time-
dependent rheological properties were investigated 
by shearing samples at three constant shear rates 
(20, 40, & 60 rpm) for a period of 10 min. Then the 
apparent viscosity was measured as a function of 
step changes in shearing time from 1 to 10 minutes. 
The time dependency of apparent viscosity of 
samples was evaluated by fitting the experimental 
data with two following models: 

1. First order stress decay model, with a zero 
equilibrium stress value (kinetic model): 

tBA ln+=τ                                                         (1) 
Where, t is the shearing time (min), A & B are 
constant parameters, which characterize the time 
dependent behavior. 
2. Weltman model: 

Kte−= 0ττ                                                               (2) 
Where, τ0 is the initial shear stress value and K is 
the breakdown rate constant. 

3. RESULTS AND DISCCUSION 
The parameters obtained by fitting the shear stress 
(τ)–time data are given in Tabs 1 to 6. A zero value 
of B (the coefficient of breakdown) in Weltman 
model and K in first order stress decay model 
indicates the apparent viscosity of the fluid is 
independent of time. The results of this research 
showed that the values of B and K as a function of 
shear rate, fat replacer and fat substitution level is 
non-zero and for both models, the shear stress 
decreases with increasing time of shearing (Tabs 1-
6), which means that sesame paste/date syrup 
blends exhibit a thixotropic behavior. The extent of 
thixotropy embodied by the magnitude of B or K, 
which for each fat substitutes, increased with 
increasing shear rate, at a fixed fat substitution 
level, but it varied differently with increasing fat 
replacer concentration, at a fixed shearing rate. Our 
finding that B or K increases with increasing shear 
rate is in agreement with published data [1]. The 
larger B or K values the greater the departure from 
thixotropy behavior. Therefore, the samples 
containing modified starch were more thixotropic 
than blank sample and other low fat blends 
containing xanthan, and guar gums at all respected 
shear rates. The value of breakdown coefficients, B 
and K, ranged from 0.090 to 1.571 Pa and between 
0.006-0.018 s-1, respectively for the Weltman and 



 
 
 

                                                                                          

first-order stress decay models. While the initial 
shear stress values (A and τ0) for these models, 
varied in the range of 189.23-730.60 Pa, and 
196.97-794.03 Pa, respectively. Substitution of fat in 
the sesame paste/date syrup blends with each of fat 
replacer, and increasing in concentration of each fat 
substitute led to higher A and τ0 values at all shear 
rates tested. Therefore, it can be concluded that the 
fat substitution with each fat replacer resulted in 
higher viscosity in comparison with the blank 
sample. It can be also found that the effect of 
modified starch on the consistency of sesame 
paste/date syrup blends was greater than other fat 
substitutes.  
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Table 1: The parameters of the Weltman model as a function of modified starch substitution at 25oC 

Modified starch %          
rpm 0   0.75   1.25   1.75   

 A -B R2 A -B R2 A -B R2 A -B R2 
20 189.2 0.278 0.75 290.5 0.253 0.73 316.3 0.539 0.73 341.1 0.495 0.64 
40 254.0 0.462 0.89 466.4 0.641 0.79 492.6 0.871 0.72 556.7 0.944 0.73 
60 316.3 0.824 0.91 608.9 0.824 0.78 616.6 1.571 0.79 730.6 1.214 0.70 

 
Table 2: The parameters of the Weltman model as a function of xanthan gum substitution at 25oC 

Xanthan gum %          
rpm 0   0.01   0.015   0.02   

 A -B R2 A -B R2 A -B R2 A -B R2 
20 189.2 0.278 0.75 290.1 0.154 0.71 289.3 0.330 0.98 348.6 0.143 0.88 
40 254.0 0.462 0.89 426.3 0.228 0.79 476.9 0.545 0.85 530.25 0.259 0.72 
60 316.3 0.824 0.91 554.2 0.243 0.60 600.8 0.845 0.95 648.5 0.385 0.81 

 
Table 3: The parameters of the Weltman model as a function of guar gum substitution at 25oC 

Guar gum %          
rpm 0   0.1   0.15   0.2   

 A -B R2 A -B R2 A -B R2 A -B R2 
20 189.2 0.278 0.75 210.0 0.090 0.72 380.7 0.295 0.64 365.3 0.354 0.86 
40 254.0 0.462 0.89 489.0 0.306 0.92 529.2 0.480 0.98 518.2 1.210 0.85 
60 316.3 0.824 0.91 597.1 0.394 0.98 665.9 0.749 0.99 - - - 

 
Table 4: The parameters of the First-order stress decay model as a function of modified starch substitution (25oC) 

Modified starch %          
rpm 0   0.75   1.25   1.75   

 τ0 K R2 τ0 K R2 τ0 K R2 τ0 K R2 
20 197.0 0.007 0.81 304.9 0.008 0.70 342.0 0.014 0.77 368.2 0.014 0.79 
40 265.8 0.008 0.73 500.7 0.010 0.69 534.7 0.014 0.79 597.6 0.014 0.73 
60 330.8 0.008 0.70 654.0 0.012 0.71 648.2 0.018 0.75 794.0 0.015 0.77 

 
Table 5: The parameters of the First-order stress decay model as a function of xanthan gum substitution at 25oC 

Xanthan gum %          
rpm 0   0.01   0.015   0.02   

 τ0 K R2 τ0 K R2 τ0 K R2 τ0 K R2 
20 197.0 0.007 0.81 298.1 0.005 0.68 438.5 0.005 0.72 353.8 0.002 0.40 
40 265.8 0.008 0.73 438.5 0.005 0.72 494.2 0.006 0.53 538.9 0.002 0.25 
60 330.8 0.008 0.70 570.3 0.005 0.81 623.9 0.006 0.42 665.2 0.004 0.51 

 
Table 6: The parameters of the First-order stress decay model as a function of guar gum substitution at 25oC 

Guar gum %          
rpm 0   0.1   0.15   0.2   

 τ0 K R2 τ0 K R2 τ0 K R2 τ0 K R2 
20 197.0 0.007 0.81 212.1 0.002 0.69 386.5 0.002 0.31 396.8 0.008 0.74 
40 265.8 0.008 0.73 495.4 0.002 0.48 538.8 0.003 0.37 549.7 0.010 0.61 
60 330.8 0.008 0.70 606.4 0.003 0.58 680.4 0.003 0.34 - - - 

 


