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ABSTRACT
Osmotic dehydration is a viable process for the partial removal of water in which cellular materials are placed in
a concentrated solution of soluble solute. The initial results showed that the values of mass transfer terms (0.2
(g/g) water loss and 0.03 (g/g) solid gain) at the studied range of process variables including temperature of 33
ºC, sucrose concentration of 30% w/w and 180 min of immersion time were not in accordance with an efficient
osmotic dehydration process which 40–60% water loss and <10% solid gain are mostly aimed. Thus, feasibility
of ultrasonic wave in order to improve the rate of mass transfer was investigated. Ultrasonic treatment was
carried out with 20 kHz frequency in the amplitude range of 25-75% for different lengths of sonication time (1030 min). The highest amounts of water loss (0.42 (g/g)) and solid gain (0.073 (g/g)) were obtained by
application of ultrasonic treatment. These increases can be attributed to increased cell wall permeability,
facilitating transport of water and solute, as evidenced by the excess conductivity of ultrasonically treated
samples as compared with a control condition. The results revealed that ultrasonic technology can be carried out
to improve rate of mass transfer during osmotic dehydration.
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INTRODUCTION
Guava, Psidium guajava L., is native to the Caribbean and common throughout all warm areas which
has great amount of vitamins C (>3 times as much Vitamin C as an orange), A and B. Guava fruit, as other
tropical fruits, is highly perishable which needs preservation methods to increase its shelf-life [1]. Drying is the
most popular and well-known postharvest technology to increase shelf-life of tropical fruits which is perishable
and deteriorates rapidly after harvesting [2]. Hot air drying method has several drawbacks such as quality
deterioration of the final product, energy intensive and consequently cost intensive because it is a simultaneous
heat and mass transfer process accompanied by phase change [3]. Therefore, scientists and innovative food
centres try to develop new drying technologies with the aim to introduce new, safer, fresher and better quality
foods with longer life for local and export markets. In recent years, osmotic dehydration has received increasing
attention in field of fruits and vegetables preservation due to its potential to keep sensory and nutritional
properties similar to the fresh fruits as well as low temperature and energy requirements [4]. Generally, osmotic
dehydration is a low efficiency and slow process due to the fact that osmotic pressure is a sole driving force for
mass transfer during the dehydration process [5]. Several studies have shown that the structure/composition of
the material [6], the nature of the solutes [7] and the pretreatments such as freezing/thawing [8] are main factors
which could affect mass transfer rate during osmotic dehydration process. Non-thermal processes combined
with osmotic dehydration have been applied in order to improve processing efficiency and final product quality
due to the undesired physico-chemical and nutritional changes during traditional thermal pretreatments. It was
e-ISBN 978-967-960-322-4

162

International Conference on Agricultural and Food Engineering for Life (Cafei2012)
26-28 November 2012
claimed that the high intensity of ultrasonic waves can generate cavitation inside liquids which can affect mass
transfer due to the asymmetric implosions of the cavitation bubbles close to a solid surface [9]. In a solid
medium, the sound waves cause other series of effects include heating of the medium [10], structural effects
such as the ‘‘sponge effect’’ [11], acoustic streaming or micro-streaming [9] or the generation of micro-channels
[12] that can affect mass transfer. Due to the very different results obtained for different fruits, more studies on
the effect of power ultrasound on dehydration is still needed to evaluate for which type of fruits and vegetables
this technology is viable. The aim of this study was to investigate the feasibility of ultrasound waves to improve
the mass transfer rate during osmotic dehydration of seedless guava.

MATERIALS AND METHODS
Raw Material
Fresh seedless guava (Psidium guajava L.) fruits were obtained from a local market (Serdang,
Malaysia) on daily basis prior to each set of experiments. Fruits were chosen at commercial maturity according
to their similarity of color, size, absence of surface defects and ripening grade (around 8 ºBrix). Before each
experiment fruits were washed, peeled and cut into 20±2 mm cubes manually using very sharp stainless steel
knife, and gently blotted with tissue paper to remove the excess of surface humidity. Care was exercised to
select only cubes that have same size to minimize the effect of sample size on the experimental data. The
dimensions of fruit cubes were measured by Mitutoyo digital caliper (±0.02 mm) (Mitutoyo, Waterbury, CT,
USA).
Ultrasound-assisted Osmotic Dehydration
The seedless guava cubes were treated in a 500 mL beaker filled with the sucrose solution (30% w/w)
by a 500 W ultrasonic equipment (Sonics & Materials Inc., Model VC505, Danbury, CT, USA) equipped with a
titanium ultrasonic probe (13 mm diameter) which fixed vertically at 1-2 cm from the samples. There was no
direct contact between the fruit and the sonotrode. The nominal frequency was 20 kHz. In order to change
ultrasonic intensities the power level was controlled by the variation of the amplitude of the piezo crystals.
Applied amplitudes were 25%, 50% and 75% of the maximal equipment power (500 W), corresponding to 125,
250 and 375 W. The corresponding ultrasound intensities were 94, 189 and 284 W/cm2. The immersed samples
in the osmotic solution were subjected to ultrasonic waves during a period of 10 to 30 min. The temperature of
the osmotic solution was maintained at 33 ºC throughout all treatments, and no significant increase in
temperature (less than 2 ºC) was observed during treatment due to circulation of water in water bath (Memmert,
WNE14. Memmert GmbH Co. KG, Germany). The ratio of fruit to osmotic solution was set at 1:10 (w/w). After
the treatments, the samples were removed from the syrup, rinsed in distilled water (below 30 s) eliminate the
excess solution adhered to the surface, and carefully blotted with tissue paper to remove the excess surface
water. Sampling was performed in time intervals of 15, 30, 45, 60, 120 and 180 min of osmotic dehydration.
The experimental set-up was shown in Fig 1. All experiments were performed in triplicate.

Fig. 1: Experimental set-up for ultrasonic treatment.
Determination of Water Loss (WL) and Solid Gain (SG)
The fresh and dehydrated seedless guava cubes after each contact time were placed in oven (Heraeus
Vacutherm VT6025, Germany) at 105 °C until constant weight (48 h) in order to measure the moisture and
solids content according to Association of Official Analytical Chemists (AOAC) method 931.04 (AOAC, 1990).
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In order to determine mass change, all samples were weighed before and after treatment using an analytical
balance (Mettler AJ 150, Switzerland) with accuracy of ±0.0001 g. From these data, water loss (WL) and solid
gain (SG) were determined in all the cases at different times, t, in agreement with the following expressions
[13].

where M0 is the initial mass of fresh sample (g), M is the mass of sample after time (t) of osmotic dehydration
(g), m is the dry mass of sample (g) after time (t) of osmotic dehydration, m0 is the initial dry mass of sample
(g).
Determination of Membrane Damage or Conductivity
Conductivity of the solution after the desired osmotic dehydration intervals measured using a
conductometer (model 30/10FT, Yellow Spring Instrument Co., Inc., USA) at 25 ºC. Measurements were done
in triplicate and average values were reported.

RESULTS AND DISCUSSIONS
Effect of Ultrasonic Treatment on Water Loss and Solid Gain during Osmotic Dehydration
The experimental results obtained for WL and SG after osmotic dehydration with/without ultrasound
treatment were illustrated in Figs 2 and 3, respectively. As expected, the treated samples showed higher SG and
WL than non-treated fruit. The statistical analysis showed that there is no significant difference between 30 and
40 min of sonication time (p > 0.05) for all terms of mass transfer (data not shown). Thus, ultrasound should
apply for 10-30 min. This finding is consistent with those obtained by Fernandes and Rodrigues [14] and
Azoubel et al. [15].
Fig 2 plotted SG as a function of ultrasonic wave’s intensities and lengths of sonication time during
osmotic dehydration. In the graph, as ultrasonic wave’s intensities and duration of ultrasonic treatment increase,
SG by seedless guava samples also increased. According to Table 1, the highest amount of solid content for
ultrasound-assisted osmotic dehydration was equal to 0.073 (g/g) ±0.009 while it was 0.040 (g/g) ±0.010 in
absence of ultrasonic treatment. These findings are consistent with that of Fernandes and Rodrigues[14] who
found that solid uptake increased up to 27.9%, 34.1% and 10% for papaya, pineapple and sapota by ultrasound
treatment, respectively. This probably occurred due to the cellular tissue modification (intracellular adhesion) as
a result of ultrasonic treatment which leads to collapse of cellular structure and flow of the solute to the fruit
tissue. In addition, formation of micro-channels facilitates the transfer of solids through the tissue by decreasing
resistance of the tissue to the flow of large molecules, such as sucrose molecules.
Fig 3 clearly shows the WL during the osmotic dehydration process with/without ultrasound at
different ultrasonic wave’s intensities and sonication times. The variation of WL as well as SG in ultrasonic
experiments significantly (p<0.05) depended on the intensity of ultrasound wave and duration of ultrasonic
treatment. Seedless guava lost 0.19 (g/g) ±0.020 of water during osmotic dehydration in absence of ultrasound
while the WL of ultrasonically treated seedless guava at ultrasound intensities of 94 and 284 W/cm2 for 30 min
of sonication time were 0.37 (g/g) ±0.010 and 0.42 (g/g) ±0.008, respectively (Table 1). Thus, the highest
applied ultrasound intensity produced an intensive dehydration due to an alteration in the structure of seedless
guavas tissue, allowing more water movement from the tissue to the sucrose solution. Similar findings further
supported by Fernandes and Rodrigues[14] which reported 3.2%, 14.1% and 13.2% of WL during ultrasoundassisted osmotic dehydration of papaya, pineapple and sapota, respectively.
The WL/SG is an adequate index to assess the efficiency of osmotic process allowing prediction of the water
and solute transfers’ relationship inside the food. The final WL/SG values were evaluated at each experimental
condition and reflected in Table 1. It is obvious that with increase of ultrasound wave’s intensity the WL/SG
ratio increase indicating a high efficiency of water removal with minimal solid uptake. Furthermore, increase the
length of sonication treatment decrease the efficiency of the process which indicates the deep structural changes
in product tissue. It is worthy of note that lost of membrane selectivity signifies more pronounced solid intake
by the product which is often undesirable.
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Fig. 2: Effect of ultrasonic wave’s intensity on solid gain (A) 94 W/cm2 (B) 189 W/cm2 (C) 284
W/cm2 at different time of exposure (♦) 10 (■) 20 (▲) 30 min.
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Fig. 3: Effect of ultrasonic wave’s intensity on water loss (A) 94 W/cm2 (B) 189W/cm2 (C) 284
W/cm2 at different time of exposure (♦) 10 (■) 20 (▲) 30 min.
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Table 1: Experimental solid gain, water loss and WL/SG values after 180 min of ultrasonic-assisted osmotic
dehydration and untreated seedless guava.
Ultrasound intensity
Sonication time
SG (g/g)
WL (g/g)
WL/SG
(W/cm2)
(min)
Untreated
0.040±0.010
0.19±0.020
4.75
10
0.057±0.010
0.33±0.010
5.78
94
20
0.061±0.007
0.35±0.011
5.73
30
0.066±0.011
0.37±0.010
5.60
10
0.060±0.002
0.35±0.009
5.83
189
20
0.064±0.010
0.37±0.014
5.78
30
0.069±0.007
0.39±0.007
5.65
10
0.065±0.002
0.38±0.012
5.84
20
0.068±0.002
0.40±0.007
5.88
284
30
0.073±0.009
0.42±0.008
5.75
Results were expressed as value ± standard deviation(S.D.).
Influence of the Ultrasound Treatment on Membrane Integrity
Leaching of cell constituents into the osmotic solution was determined by measuring conductivity of
the medium which will give more information on the cellular integrity. The conductivity of osmotic solution at
the end of the process without ultrasound treatment was 2.82±0.15 µs/cm. Fig 5 presents the conductivity of the
solution containing treated samples. It is obvious that with higher ultrasonic wave’s intensity and duration of
sonication the tissue damage becomes more significant, which is indicated by the increase of conductivity of the
products (9.2±0.15 µs/cm). Furthermore, a similar trend of the solution conductivity to WL is expected due to
the fact that the cell constituents are released during WL. This is confirmed by results shown in Fig 2 and Table
1, which show the highest selectivity of tissue treated with higher ultrasonic wave’s intensity and duration of
exposure.

Fig.4: Effect of ultrasonic treatment on relative conductivity.

CONCLUSIONS
In the current study, the influence of ultrasound wave intensity and sonication time on the mass transfer
rate during osmotic dehydration was investigated. Results indicated that ultrasonic treatment facilitates the
enhancement of mass transfer during osmotic dehydration by increasing SG and WL, as evidenced by
conductivity of solution. Due to fixed processing temperature, it can be concluded that this ultrasonic system
seems to generate mechanical effects (nonthermal) rather than temperature effects. Applied ultrasonic intensity
and length of sonication, however, should be chosen with much care as too high-intensity might result in quality
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loss. Therefore, further experiments are needed to determine the effects of ultrasound on the sensorial (excessive
loss of texture and changes of color and flavor) and nutritional quality (namely vitamin C) attributes.

ACKNOWLEDGMENT
The authors are grateful for the financial support received from the Ministry of Higher Education
through the Fundamental Research Grant Scheme (FRGS) and Universiti Putra Malaysia for this project.

REFERENCES
[1] Andrade, S. A. C., Metri, J. C. B. and Guerra N. B. (2003) Desidratação Osmótica do Jenipapo (Genipa
americana L.). Ciência e Tecnologia de Alimentos 23: 276-281.
[2] Nguyen, M.H. and Price, W. E. (2007) Air-drying of banana: influence of experimental parameters, slab
thickness, banana maturity and harvesting season." Journal of Food Engineering 79: 200–207.
[3] Mujumdar, A. S. and Menon, A. S. (1995) Drying of solids: principles, classification, and selection of
dryers, In: Mujumdar, A.S. (Eds.), Handbook of Industrial Drying, Marcel Dekker, New York.
[4] García-Martínez, E., Martínez-Monzó, J., Camacho, M. M. and Martínez-Navarrete N. (2002) Osmotic
Solution as Ingredient in New Product Formulation. Food Research International 35: 307-312.
[5] Deng, Y. and Zhao, Y. (2008) Effect of pulsed vacuum and ultrasound osmopretreatments on glass
transition temperature, texture, microstructure and calcium penetration of dried apples (Fuji). LWT- Food
Science and Technology 41: 1575-1585.
[6] Mauro, M. A. and Menegalli, F. C. (2003) Evaluation of water and sucrose diffusion coefficients in potato
tissue during osmotic concentration. Journal of Food Engineering 57: 367–374.
[7] Saurel, R., Raoult-Wack, A. L., Rios G., and Guilbert, S. (1994) Mass transfer phenomena during osmotic
dehydration of apple I. Fresh plant tissue. International Journal of Food Science and Technology 29: 531–
542.
[8] Gonzalez-Mendez, N. F., Gros, J. B., Poma, J. P. and Ramos, E. (1985) Influencia de la congelacion sobre
la difusion del cloruro solido en el musculo Logissimus dorsi del puerco. Revista de Agroquı´mica y
Tecnologia de Alimentos 25: 279–285.
[9] Mason, T. J. and Cordemans, E. D. (1996) Ultrasonic intensification of chemical processing and related
operations: A review. Trans IchemE, 74: 511–516.
[10] Mason, T. J. and Lorimer, J. P. (2002) Applied sonochemistry. The uses of power ultrasound in chemistry
and processing, Weinheim: Wiley-VCH.
[11] Stojanovic, J. and Silva, J. L. (2007) Influence of osmotic concentration, continuous high frequency
ultrasound and dehydration on antioxidants, colour and chemical properties of rabbiteye blueberries. Food
Chemistry 101: 898-906.
[12] Carcel, J. A., Benedito, J., Rossello, C., and Mulet, A. (2007) Influence of ultrasound intensity on mass
transfer in apple immersed in a sucrose solution. Journal of Food Engineering 78: 472-479.
[13] Panagiotou, N. M., Karanthonos, V. T. and Maroulis, Z. B. (1999) Effect of osmotic rehydration of fruits.
Journal of Food Science and Technology I7: 175–189.
[14] Fernandes, F. A. N. and Rodrigues, S. (2008) Application of Ultrasound and Ultrasound-Assisted Osmotic
Dehydration in Drying of Fruits. Drying Technology 26: 1509–1516.
[15] Azoubel, P. M., Baima, M. A. M., Amorim, M. R. and Oliveira, S. S. B (2010) Effect of ultrasound on
banana cv Pacovan drying kinetics. Journal of Food Engineering 97: 194-198.

e-ISBN 978-967-960-322-4

168

