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Introduction: In industrial operations, a product is submitted to a range of shear rates. The knowledge of the
changes in rheology with temperature, frequency and shear rate is needed to design the equipment of operations.
The lemon juice is used extensively in the food industry. Information about rheological and physicochemical
properties is important for scale up and optimization of processes such as transport and storage of concentrated
lemon in commercial applications. The aim of this study was toevaluate the rheological and physicochemical
properties of the concentrated lemon produced using vacuum evaporator.

Materials and Methods: Lemon juice was concentrated to 25, 35, 45, 55 and 65 Brix by a rotary evaporator
under vacuum at 65°C. The content of soluble solids in terms of brix using refractometer, pH, acidity in terms of
citric acid, color in terms of a* , b* and L*, flow behavior and viscoelasticity as function of strain, frequency and
temperature using rheometer were investigated. Mean comparison carried out using the least significant
difference.

Results&Discussion: As brix increased, pH reduced and acidity increased. An increase in the concentration
resulted in a decrease in L* and b* parameters and an increase in a* parameter. Enzymatic browning in this
study could be ignored due to the sensitivity of enzymes to temperatures above 50°C. Millard's non-enzymatic
browning (formation of hydroxyl methyl furfural and its polymerization) and the degradation of pigments might
be a major contributor to color variation, although a decrease in moisture content and an increase in soluble
solids are other reasons for darkening of color. Based on coefficient of determination (R?) and root mean square
error (RMSE), we could state that the Newtonian and Bingham models had the best fit with laboratory data of
the stress-strain obtained for the control sample with the 7Brix, and the samples with 25 and 35 Brix. Newtonian
and Bingham viscosity increased as brix increased (p<0.05). However, the observed yield stress in these samples
is very low and can be indicative of their viscous behavior. Herschel-Bulkley model, despite it had the high R?,
had a higher RMSE than the cross model. In addition, the yield stress for the sample with 65 brix was a negative
number, which is meaningless rheologically. Therefore, the Herschel-Bulkley model is not a suitable model.
Therefore, the cross model with high R?, low RMSE and concept parameters was superior model for samples
with 45, 55 and 65 brix. Using cross model, viscosity values were obtained at infinite and zero shear rates. As
brix increased, viscosity values increased at zero shear rates. The viscosity values at infinite shear rates were
very small in 65 brix. The increase in viscosity at infinite and zero shear rates with increasing of brix can be
attributed to an increase in pectin concentration and also the presence of sugar. Increasing in viscosity at low
shear rates in the cross model can be due to interactions between small particles as a result of van der waals
forces or electrostatic forces between negatively charged pectins and positively charged proteins. At high shear
rates, hydrodynamic forces are effective on the rheological fluid. The area of the hysteresis ring was very small
in samples with low brix. Higher brixes (55 and 65) indicated higher hysteresis. Increasing in the hysteresis
indicates an increase in the time dependence. Therefore, samples showed higher thixotropic behavior in higher
brixs. Thixotropic behavior may be due to the internal structure of juice that is formed by physical interactions
between soluble solids, sugars and proteins. In strain sweep, with increasing of the brix, the values of both
viscous and elastic modules increased (p<0.05). In frequency and strain sweep, viscose modulus was greater than
the elastic modulus and was not observed any crossover between them. This behavior is an indicative of dilute
material. In acidic state, hydrolysis of polysaccharides is a barrier in formation of a network due to molecular
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fluidity in the matrix. In fact, due to the low concentration of pectin and sucrose in the low brixes, the gel is not
formed, but with the increase of the brix, which increases the concentration of pectin and sucrose, the ability in
formation of gel increased. However, no gel was formed in any of the samples. The dependence of the viscous
modulus on the frequency in the range of 161 0 Hz to 117 Hz, in three samples with 45, 55 and 65 brix, fit well
with the power law model. Model parameters showed the dependence of the viscous modulus on the frequency
increased with increasing of brix, which can be attributed to an increase in the concentration of pectin. In total
amplitude of temperature, viscose modulus was greater than the elastic modulus. Complex modulus and complex
viscosity increased in samples as brix increased. Reducing of viscose and elastic modules and complex viscosity
with increasing in temperature indicates that the material's resistance to flow decreases with increasing
temperature. As the brix increased, the area of the hysteresis loop between the structural destruction and the
formation of the structure increased. That is, the ability of the structure return decreased with increasing in brix
during decreasing of temperature.
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