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Abstract | Drying is widely known to be one of the common processes in the food industry to increase the shelf life of fruits and vegetables. Using osmosis-ultrasound before drying with hot air causes the preservation of nutrients in products and reduces heat energy to remove the produc water. In this study, after osmosis pretreatment, samples were put under an osmosis dehydration process. First, using Osmosis-ultrasound with 40.5% concentration in Sekanjabin solution then dried in an oven at a temperature of 70°C. The characteristics of solid gain, water and weight loss, shrinkage and rehydration were evaluated. The obtained results showed that by increasing the concentration of weight and water loss, solid gain increased. Accordingly, in a higher concentrated osmotic solution, the osmotic pressure, which is a key factor in mass transfer in the osmotic dehydration process, increases by increasing concentration, the percentage of solids gain increased; shrinkage and rehydration decreased. Conclusively, the drying of Rambutan by use of osmosis-ultrasound dehydration process when compared to osmotic dehydration, showed a significant decrease in the shrinkage of fruits resulting in rehydration, i.e., causing the percentage of solid gain, weight and water loss to be increased.
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			Introduction

			Drying of fruits has been considered as a way to improve the durability, and is one of the main methods which have been common for centuries. Unlike fresh vegetables which are kept only for a short period of time and in special circumstances, dried products can be kept a long time without reducing the nutritional value. Also, because of the low mass weight of dried fruits, they are easily and conveniently transported (Da Silva et al., 2017). The fruit used in this research for drying is Rambutan which is native to Southeast Asia, i.e., Malaysia, Indonesia and Thailand. In the Malay language, Rambutan means “hairy” derived from the hairy look of the fruit’s skin. Rambutan is of the Sapindaceae family, known scientifically as Nephelium lappaceum is a tropical fruit (Mokhtar et al., 2019; Sun et al., 2012). 

			Rambutan fruit is sweet, juicy, tastes like a grape and has a big core. Its fruit looks a lot like Lychee and Longan. Rambutan fruit is almost spherical and hairy. Thailand is the largest producer of Rambutan with 588.000 tons (55.5%) in 2005, followed by Indonesia with 320,000 tons (30.2%) and Malaysia with 126.300 tons (11.9%). These three countries have a total of 97% of the world’s Rambutan supply. Rambutan needs a tropical climate of, about 22-30°C, and a temperature below 10°C to produce fruits. The Rambutan tree is native to the tropics, isn’t deeply rooted, bears fruits 2 to 3 years after planting and fruiting ability is 8 to 10 years. Rambutan is rich in vitamin C and calcium, and is a good source of magnesium and potassium; in smaller amounts iron and fibre Azarpazhooh and Ramaswamy (2010).

			 

			To increase its conservation some methods such as canning, fermentation and freeze drying can be used. Among these methods, freeze drying produces a product of the highest quality, but is one of the most expensive methods. So, a simple and inexpensive method with low investment is required to increase the preservation of most perishable goods, and will be available for all consumers far from cultivated areas. Osmotic drying is one of these methods. Osmotic drying is one method of food preservation which can create better qualitative properties in the product. In the osmotic process, due to limited short time use of hot airflow to complete drying, not only does the desirable features of the product be preserved, but also, the need for heat energy deeply decreases to remove additional water from the product. Osmotic dehydration is used as a pre-process of some drying methods such as drying with hot air, vacuum drying, frying, canning and freezing. The basis of the drying process using the osmotic method is the placement of pieces of food in a hypertonic solution (sugar, salt or mixture of sugars and salts solution). These solutions typically have higher osmotic pressure and lower water activity when compared to the cellular environment of food. Since the cell wall of many foods can act as a semi-permeable membrane, then the driving force for water movement between the nutrient and osmotic solution is created. Of course, this wall won’t act completely selective and a sometimes dissolved solid in the osmotic liquid is leaked into the food. The Osmotic drying process is a multi-component mass transfer process, where the release of water from food simultaneously with solids in the osmotic solution, permeates into the tissue, i.e., the cells or intercellular spaces. Also, amounts of intercellular solution were removed from the sample and inserted into the osmotic solution (Maskouki et al., 2007).

			Pre-treatment of ultrasound waves were used in this research. The use of ultrasound waves causes an increase in the penetration factor of moisture and reduces the drying process time. Ultrasound waves made by the cavitation phenomenon, create a series of rapid contractions and expansions, which is like pressing and releasing a sponge, and cause the withdrawal of water from the solid matrix, and on the other hand create micro-channels to facilitate mass transfer during drying by hot air (Maskouki et al., 2007). Drying with ultrasound is of high commercial importance. In this method, food is damaged less and dries with less moisture content. In this research, the combined pre-treatments of osmotic dehydration process with ultrasound in the drying process of Rambutan by hot air are reviewed. The goal of this study is to prepare a dried product of Rambutan with desirable qualitative features.

			Materials and Methods

			Sekanjabin: the product of Kimiya Khorasan was purchased from local market Iran. Sekanjabin one of the oldest Iranian drinks, is made of honey and vinegar. Sekanjabin is usually served in summer. It is sometimes seasoned with mint.

			Preparation

			Fresh Rambutan fruit was purchases from the local market in Iran. was refrigerated at 4°C until test time, to reduce the respiratory and biological activities of microbes. Rambutan was washed and peeled at the beginning of the test.

			Osmotic dehydration and ultrasound

			In this study, Sekanjabin syrup was used as an osmotic environment. The concentration of Sekanjabin was selected 40% to 50%. The temperature of the dehydration process was regulated, fixed and equated to the ambient temperature of 25°C, throughout the process and in all treatments. The ratio of fruit to the osmotic environment was determined 1:4 (Torreggiani and Bertolo, 2004). The tests were performed by the implementation of changing conditions (i.e., mixing the osmotic solution) at an interval of once per hour (Torreggiani and Bertolo, 2001). The fruit pieces were placed at the intervals of 0 and 30 min under ultrasound pre-process (25 kHz). Then, under the dehydration process without ultrasound. At 120 mins immersion, osmotic solution was continued and the exchange of hot air was performed by using a dryer equipped with an air circulating fan at a fixed temperature of 70°C for complementary drying.

			Measurement of initial moisture 

			Measurement of initial moisture of Rambutan was performed with oven method at a temperature of 105°C for 24 hours (AOAC DC, 1990).

			Calculation of parameter and the corresponding equations

			The rate of weight loss (WR), water loss (WL) and solid gain (SG), Rambutan slices were calculated based on their distribution in different stages (before osmotic dehydration, after osmosis and after drying in oven) by Equations 1, 2, 3.
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			Equation 1: Water loss:
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			Equation 2: Solid gain:

			Equation 3: Weight loss: 

			WR=WL-SG   ....(3)

			Shrinkage 

			To measure shrinkage, samples were firstly dried in the intended temperature and then shrinkage was determined by the following equation (Zecchi and Gerla, 2020; Sioholm and Gekas, 1995) Equation 4.
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			In this equation, VO - the volume of fresh Rambutan (Cm³); V - Volume of Rambutan after drying (Cm³); The volume of samples was calculated toluene displacement.

			Rehydration 

			Rehydration of sample was calculated by relative calculation of the increasing weight of the sample, after 3 hours’ immersion in distilled water at the ambient temperature, compared to the weight of the dried sample before immersion at the ambient temperature (Rene and Marin, 2009). 

			pH

			pH was measured by digital pH meter (Model 3510, Jenway manufacturing Company) (8).

			Information analysis methods

			This study was conducted in a factorial experiment with three replications. The comparison of Mean was determined using a 5% level Duncan test, the SAS Software version 9/2 used for variance analysis and drawing charts completed using Excel 2010.

			Results and Discussion

			Water loss

			According to Figure 1, concerning the impact of interaction on the concentration and dehydration environment, during osmosis-ultrasound dehydration on water loss in Rambutan fruit, the highest rate of water loss was seen during osmosis dehydration-ultrasound in 50% solution. The results indicated that the interaction of concentration and dehydration environment in osmotic mode is significant at 5% level. As shown in Figure 1, the samples which were exposed to ultrasound waves had a higher rate of water loss. This phenomenon is due to the creation of micro-channels and ease of water loss by the sample. Ultrasound mechanism was examined, with two cavitation and sponge effect phenomena. Both phenomena affected mass transfer. The results have shown that cavitation has a considerable role in the separation of water connected to food and sponge effect, which causes the formation of microscopic networks that accelerates the drainage of liquid. For this reason, ultrasound increases the efficiency of osmosis (21.4).

			The effect of different concentrations of the Sekanjabin osmotic solution, on water loss, showed that it had a significant effect on the water loss in the Rambutan fruit (P<0/05). In reviewing the effect of different concentrations of Sekanjabin osmotic solution, water loss was observed; by increasing the concentration of the osmotic solution, water loss was dramatically increased. The highest water loss can be attributed to a high concentration of osmotic solution because osmotic pressure increases in higher concentrations of osmotic solution. As a result of higher osmotic pressure, osmotic moisture loss is more (12). Expressed that the increase of water loss is due to an increase in cell damage and the deformation of cells to outflow moisture from food. Tested the effect of ultrasound on strawberries under osmosis which results indicated that the use of ultrasound caused water loss.
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			Figure 1: The interaction of concentration and dehydration environment on water loss of Rambutan fruit during dehydration process.

			Solid gain 

			According to Figure 2, concerning the interaction of concentration and dehydration environment, during osmosis dehydration and osmosis-ultrasound on the solid gain. The highest rate of solid gain was observed during osmosis-ultrasound dehydration in 50% solution, for the Rambutan fruit. The results indicated that such interactions of the concentration and dehydration environment in osmotic mode is significant at 5% level. 

			Figure 2 further shows that solid gain was increased. Using ultrasound, the highest solid gain in the osmosis-ultrasound mode is at 50% concentration. By using ultrasound, the solid gain of the osmotic solution increases. Also, due to the microscopic channel, osmosis-ultrasound pre-treatment shows, the existence of solids in 50% concentration. The solid gain was increased because ultrasound can be attributed to the destruction of the cell membranes, as well as the creation of pores in the cell walls (12). The number of solids in 50% concentrations has been increased when compared to 40%. By increasing concentration, the intensity of moisture removal is increased; have caused changes in the physical properties of the tissue. This intensifies the penetration of solid molecules, which resulted in an increase of osmotic agents into the tissue. According to statistical reports, the osmosis-ultrasound mode is 0/003 (g / 100 g solids); has the most solid gain in 50% concentration. In the osmotic mode it’s 0/001 (g / 100 g solids) in 40% concentration, the lowest solid gain was observed, (p <0.05); Showing significant difference.
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			Figure 2: The interaction of concentration and dehydration environment on solid gain of Rambutan fruit during dehydration process.

			Eshraghi et al. (2011) obtained similar results in their studies of the effect of ultrasound pre-treatment on drying fresh Kiwi slices. The results showed that absorption increases by intensifying ultrasound. Examined the effect of the immersion time in osmosis and ultrasound, on features of cellular structures of Papaya during dehydration. The results indicated that the destruction of cellular tissue by ultrasound causes an increase in solid gain. Rezagah et al. (2009) showed that solid gain was increased by increasing the osmotic concentration.

			Weight loss

			Based on the interaction between the concentration and dehydration environment, during osmosis dehydration and osmosis-ultrasound on weight loss in Rambutan fruit, the highest rate of weight loss was observed, in a 50% solution of osmosis-ultrasound dehydration. The results indicated that the time, type and concentration of dehydration environment in osmotic mode is significant at 5% level. Also, the effect of concentration on osmotic dehydration environment at 5% level was significant to the weight loss of the Rambutan fruit (P<0/05).

			According to Figure 3, weight loss increased by increasing the osmotic solution concentration. Due to the change in pores of cellular structures, ultrasound and osmosis was used, which caused increased water disposal, having a direct relation with weight loss. Based on the interaction of the concentration and dehydration environment, on the weight loss of Rambutan fruit, the highest weight loss was seen in dehydration environment with 50% concentration and the least in dehydration environment with 40%, showing a significant difference. Using higher concentrations can cause higher dehydration, and consequently, weight loss to increase. The results when compared, found that the average maximum weight loss is related to osmosis-ultrasound dehydration in 50% solution with an amount of 0/087 (g / g fresh sample) and the least related to 40% concentration with osmosis dehydration with an amount of 0/009 (g / g fresh sample).
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			Figure 3: The interaction of time, type and dehydration environment on weight loss of Rambutan fruit during dehydration process.

			Maskouki et al. (2007) found that ultrasound alone is not effective in a short time and contact time of the product. The osmotic solution indicated an increase in water removal from the product; as a result of increasing contact time, osmotic agents can be more penetrable in a banana tissue. Which enables added water removal, i.e., more weight loss is observed.

			Rehydration 

			According to the interaction of the concentration and dehydration environment, during osmosis-ultrasound dehydration on rehydration in Rambutan fruit. The highest rate of rehydration was observed, during osmosis-ultrasound dehydration in 40% solution with a significant difference in (P<0.05) level. Such that, according to statistical reports in 40% concentration and osmosis-ultrasound dehydration of 2/55 (g/g), has the most rehydration. Concentration and osmotic mode in 50%, of 1/95 (g/g) showed the least rehydration; has a significant difference statistically (p<0.05). 
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			Figure 4: The interaction of concentration and rehydration environment on rehydration of Rambutan fruit during hydration process.

			Less rehydration in osmotic mode compared to osmosis-ultrasound is due to solid gain in the osmosis process, in which the rate of rehydration will be decreased by samples. The concentration of the osmotic solution was effective on the rate of rehydration. Ultrasound waves caused an increase in rehydration as compared to osmotic mode (without ultrasound). This is due to the formation of microscopic channels obtained from the cavitation and sponge effect phenomenon. Therefore, dried samples by ultrasound have more porous tissues than dried samples by osmotic solution (without ultrasound) and can show better water absorption (4). Jambrak et al. (2006) used ultrasonic waves to accelerate the drying of Button Mushrooms, Brussels sprouts and Cauliflower. In other words, by increasing ultrasound and creating more microscopic channels resulting from cavitation, the sample has a more porous tissue when compared to the control sample. It can also absorb water better than the control sample; increase the rehydration of the control sample than dried samples with ultrasonic waves.

			Shrinkage

			According to the interreaction of the concentration and dehydration environment, during osmosis-ultrasound dehydration on the shrinkage in Rambutan fruit, the highest rate of shrinkage was observed during osmosis-ultrasound dehydration in 40% solution, i.e., a significant difference in (p<0.05) level. According to statistics, a 40% concentration with an osmotic mode of 0/87 (g/g) showed the most shrinkage; a 50% concentration with an osmosis-ultrasound mode of 0/78 (g/g) the least. This shows a significant statistical difference (p<0.05). The interaction of concentration and dehydration on shrinkage, in Figure 5 of osmosis dehydration, with and without ultrasound, was examined. The maximum shrinkage is under 40% osmosis concentration. Comparisons between the average shrinkage and different treatments showed that 40% concentration has the highest shrinkage, as compared to other treatments. 
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			Figure 5: The interaction of concentration and dehydration environment on shrinkage of Rambutan fruit during dehydration process.

			By studying the effect of different concentrations on shrinkage, it was seen that by increasing the concentration, the shrinkage of fruit was significantly increased. As shown in Figure 5, the simultaneous use of ultrasound and osmosis caused the shrinkage’s osmosis to lessen; as a result, the creation of microscopic channels by ultrasound. This in-turn makes removing moisture through microscopic channels faster and easier. The placement of the sugar solids (Sekanjabin) into Rambutan using 50% concentration caused less shrinkage than the 40% concentration. This is due to the osmotic pressure and the input of more solution solid (Sekanjabin) into the intercellular space of the sample. This has caused the continuity of solution solid while increasing the mechanical resistance of the Rambutan’s cellular tissue (5).

			The Shrinkage of tissue was directly related to the intensity of the osmosis process. By increasing the solid gain during the osmosis process, the rate of shrinkage was reduced, due to the increase in tissue resistance caused by the penetration of sugar (Solids which penetrate intra-contextual space prevents shrinkage by filling empty spaces and channels). Eshraghi et al. (2011), Shousler et al. (2012) examined that, the use of ultrasound, causes a reduction in shrinkage when compared to the control sample. Ferando and Space (2003) showed that due to the displacement of removed water from strawberry tissue with the absorbed sucrose; by increasing the concentration of a Sucrose osmotic solution, the cell’s shrinkage was reduced. Nito et al. (2004) shared further insights on the results obtained in this research.

			pH

			According to the impact of the interaction in the concentration and dehydration environment, during the osmosis-ultrasound dehydration on the pH in Rambutan fruit, the highest rate was observed during osmosis-ultrasound mode in 40% solution (Figure 6). The results indicated that the interaction of the concentration and dehydration environment in osmosis-ultrasound mode was significant at 5% level. Sugar and acid material (acetic acid) was absorbed from the osmotic solution into the tissue of fruit; caused an increase in acidity and a reduction in pH. Absorbed organic acids from the osmotic solution, can cause a reduction in the pH of the product while reducing the activity of the Phenolase enzyme; the rate of browning. Given that the time of drying samples caused by dehydration with ultrasound was less than osmotic dehydration, the samples were less exposed to the hot air of the oven. Consequently, a lesser amount of sugar remained in the Rambutan fruit; was converted to organic acids in ultrasound. The rate of acidity was reduced in ultrasound, and the pH was increased (5). Eshraghi et al. (2011) stated in their study, on the effect of ultrasound in the drying of fresh kiwi slices, that by increasing the time of ultrasound time taken to reach 20% moisture was reduced, i.e., drying time was reduced and samples dried in a shorter time period. Investigated that the increasing pH is associated with an increase of temperature, and drying time by using different temperatures during drying apple fruit roll.

			Showed that by drying Rambutan by the dehydration process using the osmosis-ultrasound method as compared to osmotic dehydration, caused a percentage of water loss, solid gain and weight loss to be reduced. By using ultrasound, the shrinkage was reduced, and rehydration increased. With an increase in the osmotic concentration weight loss, water loss and solid gain were also increased. Higher concentrations created more osmotic pressure, which caused a faster removal of moisture from the samples. By increasing the concentration, the percentage of solid gain was increased; consequently, shrinkage and rehydration were reduced.
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			Figure 6: The interaction of concentration and dehydration environment of pH of Rambutan fruit during dehydration process.
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			Figure 7: Schematic Diagram of Osmotic dehydration of fruits and vegetables

			Conclusions and Recommendations

			In this study, after the osmosis-ultrasound pre-treatment, the samples were dried in a hot air oven. Water and weight loss, solid gain, shrinkage and rehydration were evaluated the whole results. The effect of different concentrations of the Sekanjabin osmotic solution, on water loss, showed that it had a significant effect on the water loss in the Rambutan fruits. Pre-treatment of ultrasound waves were used in this research. The use of ultrasound waves causes an increase in the penetration factor of moisture and reduces the drying process time.
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Abstract | Drying is widely known to be one of the common processes in the food industry to increase the
shelf life of fruits and vegetables. Using osmosis-ultrasound before drying with hot air causes the preservation
of nutrients in products and reduces heat energy to remove the produc water. In this study, after osmosis
pretreatment, samples were put under an osmosis dehydration process. First, using Osmosis-ultrasound with
40.5% concentration in Sekanjabin solution then dried in an oven ata temperature of 70°C. The characteristics
of solid gain, water and weight loss, shrinkage and rehydration were evaluated. The obtained results showed
that by increasing the concentration of weight and water loss, solid gain increased. Accordingly, in a higher
concentrated osmotic solution, the osmotic pressure, which is a key factor in mass transfer in the osmotic
dehydration process, increases by increasing concentration, the percentage of solids gain increased; shrinkage
and rehydration decreased. Conclusively, the drying of Rambutan by use of osmosis-ultrasound dehydration
process when compared to osmotic dehydration, showed a significant decrease in the shrinkage of fruits
resulting in rehydration, i.e., causing the percentage of solid gain, weight and water loss to be increased.
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Introduction products can be kept a long time without reducing
the nutritional value. Also, because of the low mass
weight of dried fruits, they are easily and conveniently
transported (Da Silva ez a/., 2017). The fruit used in

this research for drying is Rambutan which is native

Drying of fruits has been considered as a way to
improve the durability, and is one of the main
methods which have been common for centuries.

Unlike fresh vegetables which are kept only for a short

period of time and in special circumstances, dried

to Southeast Asia, i.e., Malaysia, Indonesia and
Thailand. In the Malay language, Rambutan means
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