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Abstract. The tlow properties of pastes suspensions of two date cultivars, Sutlfi and Serri. were measured 
experimentally and modeled. Within the shear rate range 50 to 500 S·I, temperature range 5 to 55°C, and 
suspension concentration range 22.34 to 29.79 (%TS), all date pastes suspensions exhibited a non-Newtonian 
(pscudoplastic) behavior. The tlow behavior index (n) and the consistency index (K) fell in the range 0.226 to 
0.445 and 0.949 to 7.302 (Pa.s"), respectively, for the Sutli'i cultivar. and in the range 0.242 to 0.527 and 
0.0.256 to 3.880 (Pa.s"), respectively, for the Serri cultivar. At a shear rate of 100 S·I, the activation energy of 
Ilow (E,,) varied from 13701.47 to 16780.15 (kJ/kmol) for the Sutfri cultivar, and troml0521.37 to 17556.74 
(\,;.I/k mo1) for the Serri cultivar. Two models for prediction of apparent viscosity of the paste suspensions of 
each date cultivar as a function of concentration, temperature, and shear rate were validated. Both models titted 
experimental data adequately. 

Introduction 

Date paste is prepared from moistened-pitted dates, which are finely minced and ground. 
Date paste suspensions are produced by mechanically mixing date paste with known 
amounts of water. Therefore, the concentration of a suspension depends on the amount 
of water added. Date pastes suspensions, being naturally sweet, can be used in the 
production of beverages, carbonated and non-carbonated, as well as for producing high 
concentrated extracts (Syrup or Dibbs), customarily used in home made confectioneries 
and bakeries or may be used as a highly nutritious drink [1, pp.171-1 73]. The 
suspensions of low grade dates can also be used as a raw material in the fermentation 
processes necessary for the production of yeast, vinegar, and medical and industrial 
alcohol [2]. 

The flow properties of fluid foods are of great importance to food processing 
operations and texture. Flow properties of food suspensions in particular have been 
extensively investigated by numerous researchers [3-5, 6, pp.9-l5, 7-C)]. Knowledge of 
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now propeliies is essential for the proper design and operation of food manufacturing 
processes. Operations such as handling, mixing, pumping, extraction, and filtration are 
involved in many such processes. In these situations the flow properties of food 
suspensions at different temperatures and concentrations need to be understood. Such 
data on date paste suspensions is not available in the open literature. Therefore. the 
objectives of the present study were to determine the flow properties of date paste 
suspensions. the effect of temperature and concentration on the flow behavior. and to fit 
popular tlow models that are useful in design of relevant equipment and processes. 

Materials and Methods 

Fresh samples 
Pastes of two different date cultivars, namely, Suft!·i, and Serri purchased from a 

local date factory were adopted. The pastes wrapped in low-density polyethylene bags 
were packaged inside 10-kg carton boxes. Factory procedures involved grading. 
washing. and pitting of sound whole dates, followed by fine mechanical grinding to 
render a homogeneous sticky paste. The dry basis moisture contents of fresh date pastes 
usecl in all test runs were 0.119 ± 0.005, and 0.123 ± 0.006 (g water/g dry matter) for the 
cultivars Suft!·i. and Serri. respectively. All pastes samples were kept refrigerated at 4 c C 
prior to experimentation. 

Preparation of sllspensions 
Predetermined amounts of potable water at room temperature (25°C) were used in 

the preparation of the date paste-water suspensions. The water was thoroughly mixed 
with the paste using a mechanical mixer on Dial 10 (model IKA-R WIS. Laboratory 
Supply Company Ollmann and CoKG, 636 Friedberg, Hanauer Str.IO. Henssen. 
Germany). Three suspensions of 1:2, 1 :2.5, 1:3 date paste to water ratios by weight from 
each cultivar were used in the rheological measurements experiments. These three ratios 
were selected because they lie within the range of optimum values for preparation of 
date paste suspensions as reported by several investigators [I, I 0.11]. A summary of 
average moisture contents on dry basis and total solids for all suspensions samples is 
given in Table I. 

Tablt' I. Summary of moisturc contents and total solids at different datc paste to water ratios for the two 
date cultivars Sufft'i and Serri 

Date clIltivar Date paste to water Moisture content * Total solids ** 
ratio (w/w) (%,d.b.) (0;(, TS) 

Suthi 2 235.72 2') 7') 

.2.5 2')1.67 2553 

3 347.63 22.34 

Scrri 2 236.90 29.hX 

2.5 2')3.05 25.44 

3 349.20 22.26 

"(g \Yater/" dry matter) xlOO% 
(" dn matter/" suspension) x 100% 
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Rheological measurements 
The rheological measurements were carried out with a Brookfield cone and plate 

digital rheometer (Brookfield DV -III Programmable Rheometer, Brookfield Engineering 
Laboratories, Inc., Stoughton, MA 02072-2398 USA). The apparatus is designed to 
measure rheological parameters of shear stress and viscosity at given shear rates. The 
rheometer was connected to a circulating water bath (Brookfield Reti'igerated 
Bath/C'irculator Model TC-500. Brookfield Engineering Laboratories, Inc., Stoughton. 
1\1A 02072-2398 USA) for precise temperature control. 

The shear rates utilized for rheological measurements were within the range of 50 
to 500 S·I, and the temperature values at which the measurements were carried out were 
5. 15.25. 35,45, and 55°C. All measurements were done at least in triplicate. 

Results and Discussion 

Rheological data 
Experimental data showing varIatIon of shear stress with shear rate for the 

:,uspellsiolls of the pastes of the two date cultivars Suffri and Serri, at ddferent 
temperatures are illustrated in Figs. I to 6, respectively. It is evident that all suspensions 
exhibited a pseudoplastic (shear thinning) flow behavior at all tested temperatures. Shear 
stress consistently increased with increasing shear rate and decreasing temperature. This 
non-Newtonian behavior can be attributed to the presence of sugars, which are high 
molecular weight substances, in addition to the dispersed solids in the fluid phase. 
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Fig. 2. Shear stress vs shear rate for the I :2.5 (date paste: water) suspension of Suffl'i cllltivar. 
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Fig. 3. Shear stress vs shear rate for the 1:3 (date paste: water) suspension of Sllffri cultivar. 



Fig. ~. Shear stress vs shear rate for the 1 :2(date paste: water) suspension of Serri cuitivar. 
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Fig. 5. Shear stress vs shear rate for the 1:2.5 (date paste: water) suspension of Serri cultinr. 
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Fig.(,. Shear stress YS shear .-ate for the 1:3 ( date paste:watcr) suspension of Serri l'ulli\ar. 

The rheological model most often used to describe the flow behavior of 
pseudoplastic foods is the power law, with or without a yield stress. Since no yield stress 
was detected for all concentrations and temperatures tested. the power 1m\' model 
without yield stress (Ostwald-de Waele model), as shown below, applies: 

r~J\l' ( 1 ) 

where 1 is the shear stress (Pa), y is the shear rate (S·I), K is the consistency index 
(Pa.s"), and n is the flow behavior index. Linear regression was carried out [12] on the 
linearized form of Eg.! using the experimental shear rate-shear stress data to determine 
values of the consistency index (K) and the flow behavior index (n). Table 2 shows 
results of the statistical analysis. It is clear that the power law model described well the 
shear rate-shear stress data as evident from the high values ofthe correlation coefficient 
(R\ Values of the flow behavior index (n) ranged from 0.226 for the 1:2 Suffri 
slispension at 5"C, to 0.527 for the 1 :2.5 Serri suspension at 55"C, These relatively low 
values indicate a strong pseudoplasticity (shear thinning) of the suspensions. Both 
rheological parameters (n) and (K) showed no consistent trend with temperature'and 
concentration. Oi Renzo and Colelli [9] reported the same behavior for olive paste. 
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Table 2_ Flow behavior index (n) and consistency index (K) as a fUllction of temperature and 
sus~ension concentration 

Suspension concentration Rheological Temperatul-e (0C) 
(Paste: water) ~arameters 5 15 25 35 .t5 55 

Sufti'i n 0.226 0.310 0.382 0.387 0.352 0.376 
1:2 K(Pa.sn) 7.303 2.984 1.543 lAI2 lAll 1063 

R' 0.903 0.913 0.982 0.978 0.971 0.972 
n 0.351 0.345 0.365 0.325 0.363 OA45 

1:2.5 K(Pa.sn) 2.830 2.208 1584 1.652 1.258 0716 
R' 0.924 0.919 0.979 0.930 Ol)6 7 0.985 
n 0.318 0.360 0.382 OAI2 OA06 0.390 

13 K(Pa.s") 3.080 1.925 1.354 (17M 0986 0949 
R' 0.943 0.935 0.982 0988 0.971 0989 

Scrri n 0.307 0.242 0.307 0.348 0.346 0342 
1:2 K(Pa.sn) 3.880 3.535 2.202 1.652 1.583 lAO 1 

R' 0.917 0.995 0.986 0.97R O.l)6-,!- 0.983 
n 0.356 OAI7 0.503 OA68 OA74 OA30 

1:2.5 K(Pa.s") 2.642 1.482 0689 0.711 0.631 0.683 
R' 0.965 0.931 0.952 0.947 0.934 0950 
n 0.407 0.385 OA38 0.457 OA42 0.527 

13 K(Pa.s n) 1401 1428 0.920 0.630 0.554 0.256 
R' 0.959 0.962 0.983 0.967 0964 0986 

Effect of temperature and suspension concentration 
Different temperatures are often encountered during processing, storage, 

transportation and consumption of liquid foods. For this reason their rheological 
properties are studied as a function of temperature_ The Arrhenius relationship as shown 
in Eq.2 below has been extensively used to describe the effect of temperature on the 
apparent viscosity (Ila) at a specified shear rate [8,13-20]: 

(2) 

where Il a is the apparent viscosity in Pa.s, ~l en is a constant parameter in Pa.s, Err is the 
activation energy of flow in kJf mol, R is the universal gas constant (8.314 kJf mol K), 
and T is the absolute temperature in degrees K. 

Variation of apparent viscosity with temperature at a shear rate of 100 S·l and 
different suspension concentrations of the date cultivars Sutf!-i and Serri is illustrated in 
Figs. 7 and 8, respectively. Similar results were obtained for other shear rates. A linear 
regression analysis was carried out on the linearized form of Eq.2 using apparent 
viscosity values at the shear rate 100 S·I. Table 3 shows obtained values of the activation 
energy of flow (Ea) and the constant parameter (11 co) for the suspensions ofthe two date 
cultivars Suffri and Serri. 
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Tabl(' 3. Activation enel·gy of flow (E,,) and viscosity parameter (,1 .~) at 100 S·1 shear rate and various 
concentrations for the suspensions of the date cultivars Sum·i and Serri 

Suspension concentration (%TS) E" (kJ/k mol) ,1 , (Pa.s) R' 
Sulhi 

29.79 16780.15 0.0001 0.')-19 

25.53 13443.7-1 0.000-1 ()(J72 

22.3-1 13701.47 DOO03 0.987 

ScnJ 

::'9.68 17556.74 O.O()OOS 0968 

25.4-1 14365.76 0.00020 lJ98:i 

22.26 1052137 0.00015 0962 

Figures 7 and 8 indicate that the apparent viscosity of suspensions of the two date 
cultivars decrease with increasing temperature and decreasing concentration. However, 
there are variations in the flow behavior of the suspensions of the two date cultivars. 
Apparent viscosities of the Suffri suspensions were consistently higher than those ofthe 
Serri suspensions at the same concentration and temperature. In addition, effect of 
suspension concentration on viscosity was more pronounced for the Serri suspensions as 
compared to the Suffi·i suspensions. The activation energy of flow (E,,) decreased 
consistently with increasing concentration for the suspension of the Serri cultivar, 
however it was inconsistent for the 25.53 and 22.34 (%TS) concentrations of the Suffi·i 
cultivar as clear from Table 3. Also there was no consistent trend for the constant 
parameter (~l UJ) as a function of concentration for the suspensions of the two date 
cultivars. However, the statistical correlation was adequate as evident from the high 
values of the correlation coefficient (R2). 
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Fig. 7. Variation of apparent viscosity with temperature and concentration for the Suffri slIspension at 
IOU S·1 shear rate. 
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Concentration of non-Newtonian liquid foods can affect their apparent 
\ iscosities significantly. The exponential modeL as shown in Eq.3 below. sllccessfully 

correlated apparent viscosity (~t a) with liquid food concentration (e) at constant shear 
rate and temperature as demonstrated by Rao et al. [17] for concentrated apple juice, by 
Hassan [191 for concentrated date extracts. and by Hassan and Hobani [201 for extracts 
uf Roselle (Hibiscus sabdarilla I.): 

~ta = ,Ltl·exp(a I'C) (3) 

\\here ,LII and al are constant parameters. Values of the constant parameters ~II and a I 
\\ere obtained by linear regression analysis of the linearized form of Eq.3. and results for 
the suspensions of the two date cultivars Suffri and Serri at the shear rate 100 S·I are 
shown in Table 4. Results for other shear rates can be similarly determined. 

Table -to (oll'otant paramcters of equation (3) at 100 s·' 
slIspensions of the date cllitivars SlIm'i and Seni 
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Combined effect oftemperature, concentration, and shear rate 
Several investigators combined the effects of temperature. concentration. and shear 

rate to render the following generalized apparent viscosity model [8,14-17. 20-22 J: 

(4) 

where A I to A.j are constant parameters. All experimental data (172 data points for each 
dale cultivar) covering the shear rate range 50 to 500 S-I, the temperature range 5 to 
55"C. and the suspension concentration range 22.34 to 29.79 (%TS). were fitted by 
multiple linear regression of the linearized form ofEqA [12J to determine the constant 
parameters Al to A.j. Results of the statistical analysis for the suspensions ofthe two date 
cultivars Suffri and Serri are shown in Table 5. The high values of the correlation 
enelTieien! (R2) and low values of the standard error of estimate (SEE) indicate the 
statistical adequacy of the two models. The two models should only be used within the 
experimental ranges investigated in this study. 

I'ahlr 5. 'Iodds of '\pparcnt viscosity as a function of temperature, concentration, and shear rate for the 
... uspcnsions of the two date cuitivars Suffri and Serri 
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