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Mathematical modelling of the osmotic dehydration of physalis
Modelagem matemática da desidratação osmótica da physalis

Abstract

Physalis was osmotically dehydrated with 60 °Bx sucrose or sorbitol solutions at 60 °C and with a mass ratio of sample 
to solution of 1:4, at atmospheric pressure or under vacuum at 150 mbar. The Crank’s, Peleg’s and Page’s models were tested 
to describe the mass transfer kinetics for water loss (WL) and solids gain (SG). The effective diffusivities of both water and 
solute were around 10-11 m2 s-1 under all conditions. Peleg’s model presented the best fit. The use of sorbitol as the osmotic 
agent resulted in an increase in the WL rate. In experiments with sucrose solutions, a higher WL was obtained under vacuum 
than at atmospheric pressure. The SG was particularly low during osmotic dehydration. Thus, the use of sorbitol as the 
osmotic agent was shown to be a promising alternative to sucrose.
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Resumo

Os frutos de Physalis foram desidratados osmoticamente com soluções de sacarose ou sorbitol de 60 °Bx, a 60 °C, e 
com uma razão de massa de amostra para massa de solução de 1:4, à pressão atmosférica ou a uma pressão de vácuo de 
150 mbar. Os modelos matemáticos de Crank, Peleg e Page foram testados para descrever as cinéticas de perda de água 
(WL) e ganho de sólidos (SG). A difusividade efetiva da água e do soluto foi cerca de 10-11 m2 s-1, para todas as condições. 
O modelo de Peleg apresentou o melhor ajuste. A utilização de sorbitol como agente osmótico resultou num aumento de WL. 
Nas experiências com soluções de sacarose, foi obtida uma maior WL em vácuo do que à pressão atmosférica. O SG foi 
particularmente reduzido durante a desidratação osmótica. Em conclusão, o sorbitol mostrou ser uma alternativa promissora 
à sacarose, enquanto agente osmótico.
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1 Introduction

Physalis, or cape gooseberry or golden berry 
(Physalis peruviana L.) is an exotic fruit which originated in South 
America, but is currently commercialised in several tropical 
and subtropical countries (İZLI et al., 2014; SALAZAR et al., 
2008; YILDIZ et al., 2015). The berries are annual or short‑lived 
perennial and the plant can grow to up to 1.8 m. The fruit is 
protected by an accrescent calyx and covered by a brilliant 
yellow peel (PUENTE et al., 2011).

The interest in physalis increased due to its nutritional 
composition and the presence of biologically active compounds 
that provide health benefits due to medicinal properties such 
as antispasmodic, diuretic, antiseptic, sedative, analgesic 
and antidiabetic activities (MUNIZ et al., 2015; PUENTE et al., 
2011; SALAZAR et al., 2008). The fruit contains 15% soluble 
solids, mainly sugars, and is an excellent source of bioactive 
compounds such as provitamin A, vitamin C, iron and some of 
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the B-complex vitamins (RAMADAN, 2011; SALAZAR et al., 
2008). The production of physalis has increased in recent 
years, but it is a highly perishable fruit with a recommended 
commercialization period of 12 hours after harvest, otherwise 
requiring special storage conditions (LUCHESE et al., 2015).

Osmotic dehydration (OD) allows for the preservation 
of fruits by reducing the initial water content by up to 50%. 
The osmotic agent most frequently used in the OD of 
fruits is sucrose because of its effectiveness, convenience 
and desirable flavour (LENART, 1996), although other 
solutes have been used in the osmotic process, such as 
sorbitol (BROCHIER et al., 2015; CHAUHAN et al., 2011; 
RODRÍGUEZ et al., 2013). Sorbitol is a prebiotic with proven 
health properties (CHANDRA; KUMARI, 2015; CHAUHAN et al., 
2011; PATEL; GOYAL, 2012). The beneficial health effects of 
prebiotics are associated with gut health maintenance, the 
prevention of colitis, inhibition of cancer, immune-potentiaton, 
the reduction of cardiovascular disease, the prevention of 
obesity and constipation, and the production of bacteriocins 
(PATEL; GOYAL, 2012). In addition, sorbitol is less caloric 
and has a relative sweetness of around 60% as compared 
to sucrose (SILVEIRA; JONAS, 2002).

Different models have been proposed with the objective 
of predicting the mass transfer kinetics of the OD process, 
and they may be classified as empirical, semi-empirical, 
mechanistic and phenomenological (ASSIS et al., 2016). 
A few studies have been published on the application of 
this technology to physalis (LUCHESE et al., 2015).

The objectives of this study were: i) to carry out 
the osmotic dehydration of physalis, using sucrose and 
sorbitol as the solutes (60 °Bx), with a mass ratio of sample 
to solution of 1:4 and temperature of 60 °C, and study the 
effect of the pressure (1 bar and 150 mbar) on the mass 
transfer kinetics of WL and SG; ii) to test the adequacy 
of the fit of some mathematical models (Crank’s, Peleg’s, 
Page’s) to describe the WL and SG of the fruit.

2 Material and methods

2.1 Samples

Physalis (Physalis peruviana L.) with diameters of 
15.7 ± 2.7 mm were purchased from a local market and 
stored at 4 °C. The fruits were washed and sanitized for 
5 minutes in an aqueous solution containing 7500 ppm 
active chlorine. The soluble solids content of the physalis 
was determined using a hand refractometer (Atago, China) 
and the water activity using the equipment Aqualab Series 3 
(Decagon Devices Inc., Pullmam, Washington, USA).

All determinations were carried out in triplicate.

2.2 Osmotic dehydration

The experiments were carried out at atmospheric 
pressure and under vacuum. The osmotic solutions were 
prepared with ultra-pure water and sucrose or sorbitol 
(Fagron Iberica, Spain) at 60 °Bx. The physalis fruits were 

immersed in the osmotic solution in Erlenmeyer flasks 
(250 mL) for the experiments at atmospheric pressure, 
or in vacuum containers for the vacuum treatment (Lacor, 
Spain). The experiments were carried out using a 1:4 mass 
ratio of sample to solution. A vacuum of 150 mbar was 
established through the septum in the vacuum containers 
using a vacuum diaphragm pump (Vacuubrand ME 4C NT, 
Lab Unlimited, UK). The vessels were placed in a floor 
standing shaking incubator (SI-300C, Wiggenhauser, 
Germany) and shaken at 50 rpm and 60 °C.

Samples (approximately 3 g) were removed from 
the solution after different time intervals (every 2 hours for 
the first 10 hours, and then every 5 hours up to 30 hours). 
The samples were rinsed with ultra-pure water to remove 
the solution adhered to the surface and blotted with tissue 
paper to remove the excess of water from the surface.

2.3 Osmotic dehydration parameters and 
mathematical models

The parameters of water loss (WL) and sugar gain 
(SG) were determined respectively using the following 
Equations 1 and 2:

−
= w0 w

0

w wWL
w

	 (1)

−
= s s0

0

w wSG
w

	 (2)

where ww0 is the initial moisture content, ww is the moisture 
content at time t, w0 is the initial weight of the sample, 
ws is the solids content at time t and ws0 is the initial solids 
content of the sample, all in g.

The Crank’s, Peleg’s and Page’s models were used 
to fit the experimental data.

2.3.1 Crank’s model

In the present work, mathematical solutions to 
problems of unidirectional diffusion in the unsteady state 
were considered for the geometry of a sphere. In this case 
the diffusion is radial and WL and SG were calculated 
using the following Equation 3:
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where WL∞ and SG∞ are, respectively, the values for water 
loss and solids gain at equilibrium; De is the effective 
diffusivity of water or solute; and r is the average radius 
of the fruit (7.85 ± 1.35 mm).

2.3.2 Peleg’s model

WL and SG were calculated using the following 
Equation 4:

=
+1 2

tWL or SG
k k .t

	 (4)
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where k1 and k2 are the Peleg’s constants for WL and SG, 
respectively.

2.3.3 Page’s model

WL and SG were calculated using the following 
Equation 5:

( )
∞ ∞

= − − BWL SGor 1 exp A.t
WL SG

	 (5)

where A and B are the Page’s constants for WL and SG, 
respectively.

2.4 Moisture content

The moisture content of physalis was determined by 
drying in an oven (FP115, Binder, Tuttlingen, Germany) at 
105 °C to constant weight (HORWITZ, 2002). The determinations 
were carried out in triplicate.

2.5 Statistical analysis

The statistical analysis was carried out using 
Microsoft Excel 2000 (Microsoft Corporation, USA) and 
IBM SPSS Statistics 20.0 for Windows (2012, SPSS Inc., 
Chicago, USA). 

The model parameters were estimated by non-linear 
regression procedures and the margin of error of the 
estimates calculated at 95% (margin of error = half the 
width of the confidence interval at 95%). The regressions 
were also assessed by ANOVA. The adequacy of each 
model fit was evaluated from the determination coefficient 
(R2) and by the analysis of the residuals. The randomness 
and homoscedasticity of the residuals were assessed 
by a visual inspection of their dispersion vs. the values 
predicted by the model. The normality of the residuals was 
evaluated using the Kolmogorov-Smirnov test.

All the tests and analyses were carried out with a 
significance level of 5%.

3 Results and discussion

The soluble solids content, moisture content and 
water activity values of the fresh physalis were 15 ± 2 °Bx, 
4.645 ± 0.220 kg water kg-1 DM and 0.988 ± 0.003, 
respectively. During the osmotic dehydration of most fruits, 
a rapid water loss can be noted during the first two hours 
of the process (ASSIS et al., 2017; SILVA et al., 2012). 
However, physalis did not present this behaviour. In Figure 1 
a low rate of WL can be observed in the early phase of the 
process. This can be explained by the low permeability to 
fluid exchange of the surface of physalis (PUENTE et al., 
2011; RAMADAN, 2011). Under the experimental conditions 
used for the OD of physalis, a low solute gain was observed 
during the whole process, besides presenting great 
variability of the data. Luchese  et  al. (2015) observed 
the same behaviour during the OD of physalis at 40 °C 
with 40% and 70% sucrose concentrations. This may be 
explained by the low permeability of the periderm of the 
fruit. The De values of the water and of the solute during 
the OD process were calculated using the four terms of 
Equation 3. Table 1 shows the values obtained for this 
parameter and for R2. The values for the De of WL were 
between 3.34 x 10-11 and 8.69 x 10-11 m2 s-1. These values 
are close to those (1.4 and 2.9 x 10-10 m2 s-1) obtained by 
Luchese et al. (2015) in the OD of physalis. No difference 
in De was observed for the different osmotic agents and 
pressures used. With respect to the SG, the R2-values 
of the fit were rather low, but the other assumptions for 
the adequacy of the models (residual values normally 
distributed and distributed randomly around zero) were 
satisfied. The De values obtained for the SG varied from 
2.56 x 10-11 to 5.40 x 10-11 m2 s-1. No significant differences 
were observed between the De of samples submitted to 
the different conditions, due to the high margins of error 
of the values.

The Peleg’s and Page’s models were able to describe 
the mass transfer kinetics of the osmotic dehydration of 
physalis well under the conditions used. Thus, the best 

Figure 1. Experimental data and fit of Peleg’s model for the WL and SG of physalis osmotically dehydrated in sucrose or sorbitol 
solutions at atmospheric pressure or under vacuum (150 mbar) at 60 °C.
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fit was selected based on the precision of the parameter 
estimation, calculated from the Standard Half Width 
(SHW = margin of error/ parameter value) at 95% confidence. 
The Peleg’s model described the kinetics of the OD of 
physalis with the highest precision of parameter estimates 
(i.e. lowest SHW) for all the conditions used (Table 1). 
The values for WL and the fit of the Peleg’s model for the 
WL of physalis osmotically dehydrated in 60 °Bx sucrose 
or sorbitol solutions at atmospheric pressure or under 
vacuum (150 mbar) at 60 °C, and using a mass ratio of 
sample to solution of 1:4, are presented in Figure 1.

Since the parameter k is related to the initial mass 
transfer rate during OD, it can be observed that the initial 
rate of WL was higher in experiments with sorbitol (lower k), 
although the equilibrium values were not significantly different 
between the two solutes. When different pressures were 
used, significant differences were noted only in experiments 
using the sucrose solution. Thus, it was observed that 
the initial rate of WL in the OD under vacuum was higher 
than at atmospheric pressure, and the equilibrium value 
(WL∞) was lower.

Since the Page’s and Peleg’s models could not 
describe the SG at either atmospheric pressure or vacuum 
pressure, the fits were not shown.

4 Conclusion

The Crank’s, Peleg’s and Page’s models fitted the 
values for the water content of physalis well during osmotic 
dehydration. The effective diffusivities of the water and 
solute of the fruit during this process were about 10-11 m2 s-1, 
and the osmotic agent and pressure used did not affect 
this parameter.

The use of sorbitol can accelerate the initial rate 
of water loss (WL). Therefore the use of sorbitol as the 
osmotic agent in OD is a promising alternative to replace 
sucrose. The use of vacuum only increased the rate of WL 
in physalis osmotically dehydrated with a sucrose solution.
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