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Abstract

Rheological properties of prickly pear juice froit cactus Qpuntia ficus indicapand impacts of temperature,
shearing rate and pH value on its viscosity weudistl using a rotational concentric cylinders viseter. The
results show that the viscosity of prickly pearcgidecreases with the increase of its temperahdeshearing
rate. The solution presents pseudo-plasticity fluilich shows the characters of shear thinningbews: first,
its viscosity decreases gradually as the temperahareases. The viscosity decreases sharply htdwd and
alkaline conditions, indicating that it is influesdtapparently by pH value.
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1. Introduction

Prickly pear Qpuntia ficus indica)figure 1) is one of the important commercial fsuin many countries and
very well adapted to the arid and semiarid clim@iglese et al.2002; Piga at. 2004). It is cultivated in
Morocco and grows in many other countries such axiéd, United States, South Africa, Australia, and
Mediterranean basin countries.

One of the most frequently utilized fruit and vead#é technologies is juice production. This juiadaich is a
complex mixture of vitamins, polyphenols, sugar,nemals include calcium, potassium, and magnesium,
ascorbic acid, fibers and free amino acids (Sepla\& Saenz 1990, Hasib &t 2006, Dehbet al. 2013), is an
excellent source of pigments such as the red-viodgacyanins and the yellow-orange betaxanthinstuSa
fruits, in contrast to red beetroot, may be usetbod without negative flavour impacts as thosewder from
beetroot extracts.

Knowledge of the viscosity is of primary importaricethe fruit juice industry, it is important in glity control,
storage and processing of foods, stability measentsn and in predicting texture (Abu-Jdayil et2004, El
batal etal. 2012). The accurate viscosity data over wide teatpee, pressure, pH, physical state of dispersion
and concentration regions are needed for a varesearch and engineering applications in any brafidbod
industry.

Physicochemical and rheological properties of nagel extracted fron@puntia spp.have been studied by
several research groups (Trachtenberg & Mayer 188#jenas ail. 1997; Medina-Torres et al. 2000; Majdoub
etal. 2001).

Mucilages and gums are heteropolysaccharides Wwiblogical properties that are of great interestafoumber

of applications. Biological sources of mucilage tthe@ve been studied include flaxseed gum, Alyssum
homolocarpum seed, nopal cactus (Opuntia ficuz@)diMedina-Torres et al.2000; Koocheki et al. 200@ng

et al. 2010; Leon-Martinez at. 2011). The demand for hydrocolloids with a spediinctionality has increased
recently in the foodstuffs industry (Koochekiat 2009). To satisfy this demand, research on newcessuof
polysaccharides, such as Hylocereus undatus, deded@he rheological properties of dragon fruit Igd¢greus
spp.) purees have been studied (Liaotrakoaal.et011); however, the properties of mucilage isadtem the
stalks of the plant have not been investigated.

Rheological properties of fruit juices also appeabe very much dependent in their varieties, stétépening,
concentration of juice/pulp and temperature vasiatiTherefore the present investigation was unkientgo
study the rheological properties of prickly peacguas a function of temperature, shear rates bhd p
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2. Materials and methods
2.1. Experimental device

The rheological characterization of Opuntia cachust juice solution has been performed using atiohal
rheometer, shear rate imposed (RM180, Figure. B)s Tnit basically consists of two concentric cglins
making, between them, a small annular space (daf) ¢ontains the test fluid whose viscosity is ® b
determined. The inner cylinder (bob) is driven @stant rotation speed by direct-current motor |evtiie outer
one (tube) is rigidly coupled to a measuring heaétlvmaintains it at rest.

A built-in microprocessor calculates the valuestfor viscosityn, with the aid of the measured torque, M, on
the bob, the set rotation spe€d,and the measurement system used, according forthela (1):

T 1)

Where D is the shear rate ands the shear stress, which are given, respectibsty

D=k,2 and 7T=kM )

kD and k,being conversion factors related to the geometith®fsystem.

To perform measurements at different temperattinesmmeasuring system (bob and tube) is soakeddd)dp a
thermostat tank thermally controlled and the sangbeperature is measured by a Pt100 probe imménsthe
substance.

More details related to the design, functioning asd of RM180 are given in (www.mapleinstrumentsico
2.2 . Production of juice and measurement of visgos

Opuntia ficus indica fruits samples were colleatieding the period in August 2010 in the region adirkdkesh
(Morocco), where they grow naturally. Three differéots of fruits were harvested, carefully washeth water
to remove the glochids and the obtained juice veagrifuged (4000 x g , 30min at 4°C) and the suatnmt
juice was stored at -20°C before being used (fi@)re

Conventional rheometrical tests, at different terapee, were carried out for cactus juice using RM180
above described. Before each measurement, a pae-&hB0 s-1 was applied to each sample. Thenpparant
shear rate was increased step by step from 10$0D0 s-1.

3. Result and discussion
3.1. Variation of the viscosity of O.F.I juice withe shear rate

The viscosity as a function of shear rate at ddffértemperatures is shown in Figure. 3. At low shate, the
viscosity was varied significantly in the temperatuange of 20-60 °C. At high shear rate, the &i#go
decreased with shear rate and its measurement baovane difficult as the material was spun out ef pkates at
high speed.

According to the figure above represented, and rgdlge for a given temperaturey evolves as a hyperbolic
function of D.

The experimental data showed a non-Newtonian bebavor the Opuntia juice (Figure. 4), that retalits
pseudoplastic characteristic, indicated by the evaliithe flow behaviour index (n), being less thafTable 1).

This fact indicates that the pseudo-plastic behraaskhibited by agueous solution of O.F.I derivatban be well
quantified by the following power-law model, duegimally to Ostwald-de Waele:

n=k D™
Where n and K are the flow behavior and consisténdgxes, respectively. Then, the degree of sheanihg
for O.F.l juice solution could be measured by th&ug of n, which almost constant when the pseudsetigity
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increases. From the results listed in Table 1, s1tha values ranging from 0,27 to 0,32 are obsefwethree
derivative solutions, showing their shear-thinngmgperty.

Table 1: Flow behavior index (n), consistency indi€x and corresponding linear regression coefficig@RC)
for different temperatures (T).

T(°C) n K (Pa .S) LRC
20 0.27 11.44 0.988
30 0.29 6.818 0.995
40 0.29 5.177 0.984
50 0.30 3.609 0.979
60 0.32 2.642 0.975

3.2. Effect of temperature on viscosity of O.Fdgu

Temperature has significant effect on rheologidalracteristics of concentrated food products. #slme seen
from Figure 5, It indicates that an increase inderature, over a range of 20—60 °C, reduce theosiscof
O.F.I juice solution, which indicates the therm@eedent behavior of such a solution, at a conslagar rate..
This result corroborates the microscopic model igbitls viscosity according to which this quantity &
decreasing function of the temperature (Guyon.&B8tl).

This expresses the dependence of the temperafart ef the shear rate and can be explained bfattehat at
weak strain rates the molecular structural disirgggn is not complete, which opens the way totémperature
to manifest its effect, while at strong rates ohist the intermolecular liaisons are completelykiero and the
temperature cannot bring more effect.

However, the effect of temperature on consistengfficients obtained at of opuntia juice is illegtd in Figure
6. Temperature dependency of consistency coeffifiem shear at different shear rate is generaljyressed by
Arrhenius relationship Egs. (3):

K= AT exp (E[/RT) 3)

Where K is the consistency coefficient at sheag,rahd A, are the pre exponential constant§; &d is the

corresponding activation energy values; R is thearsal gas constant and T is absolute tempergAhimed
2004).

In this study K undergoes a decrease with this tifyafike the viscosity. Such trends can be apphea, with a
linear regression coefficient (LRC) of about 0,988,

K =22.15" exp (-0.03'T) 4)
In terms of rheological parameters n, the tempesaéifect is illustrated in Figure 7. It is to obse that n

almost remains constant with the augmentation efllich means that the temperature acts such thgigbudo-
plastic behavior tends to be Newtonian

n=0.001"T + 0.25 (5)
The last empirical relation is as an approximatibithe Arrhenius model provided the temperatureatian is
relatively small, which is the case in this study.
3.3. Influence of pH on O.F.I juice solution visitps

The viscosity variations with pH are displayed igute 8 for T=18 °C and three various values ofghear rate.
First, lower shear rate induces highest viscostatever the pH value imposed by the experiencmeagioned
before. On the other hand, the viscosity evolupogsents a maximum at pH=5 for the 10s value ofstiear
rate. And after this value of pH, the viscosity idased gradually.

The reduction of the viscosity at acidic conditionay be explained by the ionization carboxyl groabseve the
pH 8. A comparable argument was given by Trachten8eMayer (1982) who explained the increase in the
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intrinsic viscosity, but in this case the studyésried out on mucilage with the pH. Medina-Tor¢2800) also
studied the pH effect on apparent viscosity of Qauficus indica and concluded that such increaas related
to conformational changes in the molecule of theitage. Huei Chen & Yuu Chen (2001) as well repabteat
increase in pH, increased the apparent viscositiieofjreen laver mucilage.

However for the two other shear rates it obserhad the viscosity was not varied significantly ire tpH range
of 3-9. The maximum viscosity results in alkalesgeof the solution.

4. [Conclusions

In this study the influence of shear rate, tempeeaaind pH on viscosity of juice of Opuntia Ficodita (O.F.I)
has been investigated by experimental way. Theesponding main conclusions are summarized in the
following:

- The O.F.l juice exhibits a pseudo-plastic behgwince its effective viscosity is a decreasingction of the
shear rate, and therefore can be classified as-aN®wtonian fluid.

- The O.F.l solution is a thermo-dependent fluidaim much as its effective viscosity decreases with
temperature, depending on whether the shear rideés or higher.

- The effect of the pH is such that the viscosityDdr.I juice reaches a maximum at a pH value ofplfor the
10s value of the shear rate

In short, O.F.l juice can be made to reach the bssful effect according to its rheological progetirough
suitable processing technology in concrete prodegiractice.
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Figure 1. Prickly pear (Opuntia ficus indich.)
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Figure 2. Torsion Couette viscometer used

Figure 3: Centrifuged prickly pear juice
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Figured: Effect of shear rate'@) on the apparent viscosityy)( of O.F.I solution for different temperatures
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Figure. 5: Evolution of the effective viscosity) vith the temperature for different values of shear rate
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Figure. 7: Variation of the behavior index) with the temperature (T).
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Figure .8: pH effect on O.F.l juice viscosity for differehesr rates
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