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ABSTRACT
Background: Due to their high perishability, we cannot store fruits in their fresh form for long. The different drying techniques have
affected the physical and nutritional qualities of the dried fruit pieces. Adoption of osmotic dehydration will help to protect and improve
the quality characteristics of the final products. 
Methods: Selected fruit slices, viz., apple, pineapple, guava, mango and banana, were subjected to sugar osmosis (60Bx for up to 48
hours), followed by drying in different drying methods, viz., open sun (ODT), solar tunnel (SDT) and hot air drying (CDT) and the
physical and chemical characteristics of the end products were analysed.
Result: The osmosis process improved the total soluble solids content, while CDT and SDT improved both the rehydration of the dried
fruit slices and the percentage of weight loss. The desirable physical attributes of the dried products significantly varied among the
different drying methods and within the fruit slices. The CDT-dried samples had better nutritional properties in terms of total phenol
content and antioxidant activity than did the other drying methods and fresh samples, except for vitamin C content, which was greater
in fresh fruit slices. The results recommended using CDT techniques in osmosis-treated fruit slices, which could improve fruits
physical and nutritional properties and be useful as good functional foods for a long time.
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INTRODUCTION
Fruit and vegetable production has steadily increased due
to rising global demand for fresh and healthy foods. The
production of fruits and vegetables plays a crucial role in
global food security by providing essential nutrients and
vitamins to the diet. These components include antioxidants,
natural colourants, vitamins and minerals and have added
advantages in promoting various health benefits to humans
(Lutz et al., 2015). Fruits and vegetables are grown world
wide, ranging from staples such as tomatoes, potatoes and
onions to tropical fruits such as bananas, mangoes and
pineapples. In 2021, the total fresh fruits and vegetables
were 909.6 million metric tons and 1154.6 million metric tons,
respectively (Statista, 2023a, 2023b). China and India are
among the worlds largest producers of fruits and vegetables.
In 2021-22, India produced 107.24 million metric tons of
fruits and 204.84 million metric tons of vegetables (NHB, 2023).

Due to improper postharvest handling, approximately
30-40% of the total production losses occurred. Additionally,
in developing countries such as India, these losses
constitute approximately 50% of the total production of fruits
and vegetables (Ramya and Jain, 2017). Fruit and vegetable
production during peak seasons is stopped before fruits
reach consumers due to the need for additional preservation
and storage facilities in the market. Many processing
techniques are employed to preserve fruits and vegetables,
which leads to enhanced shelf life while ensuring the safety
and quality of the end products (Chavan and Amarowicz,
2012; Mehta et al., 2017).

Drying and/or dehydration are among the most essential
and ancient techniques for preserving fruits and vegetables,
focusing on considerable savings in packaging, storing,
reducing shipping weight, etc. (Suresh Kumar and Sagar,
2016). In traditional drying methods, hot air is applied or
circulated in food media, which causes the exchange of heat
and mass in the media. Moreover, newer methods, such as
microwave-assisted drying, freezing, spraying and vacuum
drying, have been developed; additionally, these methods
involve highly sophisticated methods and do not require hot
air. Moreover, these novel techniques have enhanced
product quality through high energy use and high cost (Calín-
Sánchez et al., 2010; Adeyeye et al., 2022). Curing or
osmosis is a technique for preserving foods by the addition
of salt, sugar and spices and dehydration is the earliest form
of curing (Nummer and Brian, 2002). Osmotic dehydration
is the preferred preservation technology for most fruits and
vegetables. This drying process is widely applied in the
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preservation of food materials since it lowers the water
activity of fruits and vegetables by removing water from a
lower concentration of solute to a higher concentration
through a semipermeable membrane and subsequent
dehydration (moisture reduction process) (Tiwari, 2005).
However, osmotically dehydrated end product qualities are
affected by various factors such as preliminary treatments,
the concentration of the osmotic solution, the quality of the
raw material and its maturity, the shape and size of the slices,
the duration of the osmosis process, agitation, temperature,
additives, drying technique types and dehydration
parameters (temperature, relative humidity, heat sources
and duration of drying). Several studies have reported the
effect of osmosis on specific dehydration reactions in
selected fruits and vegetables (Defraeye, 2017; Lutz et al.,
2015; Mohammed and Siraj, 2020; Suresh Kumar and
Sagar, 2016). However, no studies have reported the
combined effect of osmotically treated fruits and various
traditional drying techniques.

In this context, the present study aimed to assess the
impact of various traditional drying techniques, including
open sun drying, solar tunnel drying and hot air drying
methods on the physicochemical characteristics of the
selected osmotically treated fruit slices.

MATERIALS AND METHODS
Materials
Fully ripened fresh fruits, namely, apple, pineapple, mango,
guava and banana fruits and food-grade sucrose were
purchased from M/s. Kumaran Stores, Kinathukadavu,
Coimbatore, Tamil Nadu. All the fruits were washed
thoroughly in running drinkable water for 5 min. The
pineapple and banana fruits were peeled with a peeler. The
peeled fruits and other fruits, viz., apple, mango (seed
removed) and guava, were sliced into uniform cube-shaped

pieces. All the chemicals (analytical grade) used in this study
were procured from HiMedia Laboratory, Mumbai.

Osmotic dehydration treatments
A 60Bx osmotic solution was prepared by mixing sucrose
and distilled water. The individual fruit and liquid media were
set to 1:1 for 48 hours. The concentration of the osmotic
solution was measured at 6 hours intervals. After 48 hours
of osmosis treatment, the fruit slices were dried separately
in the open sun, solar, or hot air. In the ODT, the osmosis-
treated fruit slices were individually arranged into stainless
steel trays and kept in open sunlight from 8.00 AM to 5.00
PM every day. The temperature and relative humidity ranged
from 22±2C to 35±2C and 45±5% to 55±5%, respectively
and high temperature and low relative humidity were
observed mostly at 2.00 to 2.30 PM. Digital thermometers
(M/s. Thermco) and digital humidity probes (M/s. ThermoPro)
frequently measure temperature and relative humidity,
respectively. At the end of every day, the dried fruit slices
were kept in a closed container containing silica granules.
In the SDT, osmosis-treated fruit slices were arranged in
stainless steel trays and kept in a greenhouse-type solar
dryer. The temperature ranged from 30±2C to 55±2C and
the relative humidity ranged from 23±2% to 35±2%. The
CDT experiments were performed with a stainless steel tray
dryer model (M/s. Zigma Machinery, India) set at 60C with
an air velocity of 1.5 m/s. The pictures of the dried fruit slices
obtained using different drying techniques are presented in
Fig 1. All the drying processes were continuously carried
out to reach a moisture content of less than 20±2% of the
end product.

Method of analysis
Thickness, length and breadth
A digital Vernier caliper (M/s. 2 for the road, Punjab) was
used to measure the thickness, length and breadth of the

Fig 1: Appearance of the different dehydrated osmosis-treated fruit slices.

ODT- Open sun drying, SDT- Solar tunnel drying and CDT- Hot air (cabinet)
drying.
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fresh and different dried fruit slices. The value was calculated
from the mean value of ten sample measurements.

Rehydration ratio
The rehydration capacity of the dried samples was measured
by adding 2 g of dry sample to 50C water in a beaker and
incubating for 50 min in a water bath. The samples were
removed from the water bath and filtered through filter paper.
The rehydration ratio of the sample was calculated from
equation (1), as (Salehi, 2023) suggested.

Weight reduction
The percentage weight reduction of the samples was
calculated from Equation 2, as suggested by (Eren and
Kaymak-Ertekin, 2007).

Where:
F0 and Ft are the weight of an osmosis-treated fruit slice (g)
and the weight of a dried fruit slice (g), respectively.

Chemical characteristics
The moisture content of the samples was estimated by the
dry basis method as per the protocol of AOAC, (2012). The
total soluble solids (Dryzga et al., 2007) concentration was
measured by a portable digital refractometer (M/s. Hanna
Instruments, India). The vitamin C content was estimated
by the 2,6-dichorophenol-indophenol titration method
(Ranganna, 2005). The total phenolic content (TPC) and
antioxidant activity (AOAC, 2012) were estimated by the
Folin-Ciocalteau reagent and 2,2,diphenyl-1-picrylhydrazyl
(DPPH) assay methods and these values are expressed as
gallic acid equivalent (GAE) mg/100 g (Singleton et al., 1999)
and percentage of % of radical scavenging activity (% RSA)
(Lim et al., 2007), respectively, from the methanolic extracts
of the fresh and dried samples.

Statistical analysis
All measurements were taken in triplicate and the results
are presented as the mean values ± standard deviations
(SD) of triplicate samples. Statistical analysis was performed
using one-way analysis of variance (ANOVA) and the means

of the results for each experiment were compared using the
Duncan multiple comparison test (p<0.05). SPSS 21.0 (IBM
SPSS, Inc., Chicago, IL) statistical software was used for
the statistical analyses.

RESULTS AND DISCUSSION
Physicochemical characteristics of fresh fruit slices
The physicochemical characteristics of the selected fresh
fruit slices are presented in Table 1 (on a dry weight basis).
The physical characteristics, namely, length, width and
thickness, ranged from 23.2 to 62.1 mm, 19.9 to 43.4 mm
and 1.4 to 4.9 mm, respectively, in the selected fruit slices.
The thickness ranged from 3 to 10 mm in rectangular, ring,
or cube-shaped slices suitable for osmotic dehydration
(Chavan and Amarowicz, 2012). The moisture content of
the fruit slices ranged between 68.4 and 85.4% and the
moisture content significantly differed among the fruit slices.
The composition of the dry material in the fruit slices is the
reason for the variation in moisture content. The total soluble
solids of the fresh slices from apple, pineapple, guava,
mango and banana were contained 10.8, 17.6, 11.4, 21.2
and 24.2Bx, respectively. The total phenolic content
significantly differed among the selected fruit slices and the
phenolic content ranged between 32.07 mg GAE/100 g in
banana and 135.68 mg GAE/100 g in guava. The antioxidant
activity and vitamin C content significantly differed among
the fruit slices studied. Compared with all the other fruit slices
analyzed, the fresh guava slices exhibited the highest TPC,
antioxidant activity and vitamin C content at 135.68 mg GAE/
100 g, 48.25% RSA and 114.33 mg/100 g, respectively. The
chemical composition of the fruit slices may be attributed to
various factors, including agroclimatic factors, maturity,
variety, storage and postharvest practices (Rajapaksha
et al., 2021). Additionally, the percentage of RSA in terms of
antioxidant content was significantly correlated with the TPC
and vitamin C content. Similar results were reported for
various fruits cultivated in India (Singh et al., 2016).

Changes in total soluble solids during the osmosis
process
The changes in the total soluble solids concentration in the
osmosis solution and in the selected fruit slices are
presented in Fig 2 and Fig 3, respectively. The initial solution

Table 1: Physicochemical characteristics of fresh fruit slices.

Fruit Length Breadth Thickness Moisture
Total phenol Anti-oxidant

Vitamin C
slices (mm) (mm) (mm) content(%)

(mg GAE/100g activity
(mg/100g)

sample) (% of RSA)

Apple 62.1±1.54a 43.4±0.74a 2.5±0.06c 85.4±1.11a 109.52±0.75b 41.25±1.58b 63.33±0.71b

Pineapple 58.9±0.44b 19.9±0.45e 1.9±0.05d 80.3±0.60b 53.57±1.62d 39.84±0.11b 38.65±0.39d

Guava 56.9±0.54c 29.9±0.33c 4.9±0.12a 82.6±2.36b 135.68±0.25a 48.25±2.22a 114.33±3.03a

Mango 47.9±1.50d 35.3±1.15b 1.4±0.03e 75.2±2.20c 104.21±4.41c 28.03±0.42c 46.30±0.47c

Banana 23.2±0.63e 22.6±0.23d 2.8±0.07b 68.4±0.47d 32.07±1.01e 30.62±2.16d 16.60±0.34e

Each value is the Mean±SD of three replicate analysis (n=3); GAE - Gallic acid equivalent; RSA- Radical scavenging activity; The values
mentioned in superscripts are significantly different at p<0.05 in the same column.

Rehydration ratio = 100
Rehydrated sample (g)

Dried sample (g)

....(2)Weight reduction =
F0 - Ft

F0

100

....(1)
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concentration of 60Bx immediately decreased after 6 hours
in the range from 46.2 to 38.1Bx, after which the
concentration gradually decreased in all the samples except
for the apple slices. The TSS values ranged from 42.0 to
36.4Bx, 39.9 to 32.8Bx, 42.3 to 32.7Bx, 42.3 to 32.2Bx,
42.3 to 31.8Bx, 40.6 to 31Bx and 29.8 to 39Bx in the
osmosis solution after 12, 18, 24, 30, 36, 42 and 48 hours,
respectively. A high decrease in the TSS concentration was
observed in the mango slices dipped in osmosis solution,
in which the TSS concentration ranged from 60 to 29.8Bx.
In contrast, the lowest decrease in TSS concentration was
observed in an osmotic solution containing banana slices
at 39Bx. The banana sample obtained the same results
(Fernandes and Rodrigues, 2007). The TSS values of the
apple slices containing osmotic solution at 6 hours
significantly differed at 12 and 18 hours but were not
significantly different at 24, 30, 36, 42, or 38 hours. After the
completion of the osmosis treatment, the fruit slices took up
soluble solids from the osmosis solution and the soluble
solids increased in concentrations ranging from 38.3±0.99
to 51.00±1.18Bx. The fruit slices were dipped in the solution
for a longer time and more soluble solids were transferred

to the product from the solution through the osmosis process
(Fernandes and Rodrigues, 2007). Different parameters,
such as treatment temperature and duration, the ratio of
the solution to sample, microbial contamination and
sanitation of the solution, maturity of the fruit, solid gain, the
chemical composition of the solution and immersed products
and the size and shape of the sample, influence the reduction
in TSS in the osmotic solution (Campos et al., 2012; Yadav
and Singh, 2014).

Effect of dehydration on physical characteristics
The physical characteristics of the fresh and dried fruit slices
were analyzed based on the attributes, namely, the length,
breadth and thickness of the fruit slices (Table 2). The
desirable physical characteristics of the dried products
significantly varied among the different drying methods. The
physical changes were significantly different among the
slices and dehydration techniques. The results showed that
the physical characteristics of the raw fruit slices were
significantly highest in the CBT group, followed by the SDT
and ODT groups. High decreases in physical characteristics
were noted in the CDT-dried guava slices, with 42.53%,

Fig 2: Changes in total soluble solids content during the osmotic process in the osmosis solution.

Fig 3: Total soluble solids (Bx) content of the fresh and osmosis-treated fruit slices.
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49.16% and 67.35% decreases in length, breadth and
thickness, respectively. The physical characteristics of the
osmotic-treated guava slices kept under CDT were greater
than those of the other fruit slices dried under the SDT and
ODT methods. Mohammed et al., 2020 reported that the
physical changes in mango and pineapple fruit slices
improved under the drying conditions of conventional solar
drying and improved solar drying techniques. The same
result was observed for the selected fruit slices in this study,
which were dried under solar tunnel drying. However, the
physical quality of the selected fruit slices was much
improved in the cabinet dryer. The size and shape of the

fruit slices strongly influence the quality of the dried product
(Defraeye, 2017). According to glass transition theory,
applying the above glass transition temperature to a material
leads to the collapse of the pore structure (Caballero et al., 2018).

Effect of dehydration on rehydration (%) and weight loss
Recovering water from dehydrated products is known as
rehydration (Tepe and Tepe, 2020). The effects of different
dehydration treatments and selected osmotic treatment fruit
slices on the rehydration percentage are shown in Fig 4.
Among the selected fruit slices, the rehydration percentage
was the highest in the CDT treatment, followed by the SDT

Fig 4: Impacts of dehydration techniques on the rehydration (%) of different osmosis-treated fruit slices.

Table 2: Physical characteristics of fresh and different dried osmotic fruit slices.

Fruit slices Particulars Length (mm) Breadth (mm) Thickness (mm)

Apple Fresh 62.1±1.17a 43.4±0.33a 2.5±0.02a

ODT 52.4±1.46b 37.2±0.35b 1.7±0.01b

SDT 48.0±0.16c 35.0±0.90c 1.7±0.01b

CDT 40.1±0.79d 32.3±0.35d 1.2±0.05c

Pineapple Fresh 58.9±1.46a 19.9±0.20a 1.9±0.02a

ODT 54.1±0.59b 16.0±0.39b 1.5±0.01b

SDT 47.4±0.26c 13.4±0.34c 1.5±0.04b

CDT 37.6±0.56d 11.5±0.05d 1.3±0.01c

Guava Fresh 56.91.24a 29.9±0.09a 4.9±0.15a

ODT 42.2±0.40b 26.5±0.11b 3.6±0.03b

SDT 34.9±0.78c 20.4±0.22c 3.4±0.05c

CDT 32.7±0.38d 15.2±0.24d 1.6±0.00d

Mango Fresh 47.90.96a 35.3±0.55a 1.4±0.04a

ODT 45.3±0.40b 23.6±0.79b 1.2±0.01b

SDT 44.5±0.36c 21.3±0.17c 1.1±0.02c

CDT 43.4±0.09d 17.7±0.31d 0.9±0.02d

Banana Fresh 23.2±0.11a 22.6±0.07a 2.8±0.08a

ODT 21.3±0.32b 19.4±0.65b 2.3±0.02b

SDT 21.2±0.42b 19.6±0.53b 1.6±0.05c

CDT 20.1±0.37c 17.8±0.47c 1.2±0.04d

Each value is the Mean±SD of three replicate analysis (n=3); The values mentioned in superscripts are significantly different at p<0.05
in the same column within the fruit slices; ODT- Open sun drying, SDT- Solar tunnel drying and CDT- Hot air (cabinet) drying.
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and ODT treatments. Compared with those of other fruit
slices, the guava slices were highly rehydrated by all the
dehydration techniques (153% in ODT, 261% in SDT and
262% in CDT), while the lowest rehydration was found in
the mango slices, which were dried in the ODT. The solid
content of the osmosis-treated mango slices was greater
than that of the other fruit slices, resulting in a lower
rehydration rate. This can be explained by the contraction
of the samples produced by temperature in the fruit slices
by various drying times and soluble solids. According to
subsequent studies, rehydration characteristics are affected
by the physical properties of the dried product, drying
conditions and soluble solids (Ramallo and Mascheroni,
2012; Tepe and Tepe, 2020).

The weight reduction of the samples is presented in
Fig 5. For the ODT, SDT and CDT groups, the weight loss
ranged from 1.4±0.53 to 26.5±1.41, 15.4±0.83 to 40.5±0.98
and 17.4±1.12 to 41.5±1.56, respectively. The most
significant decrease in weight reduction occurs in the
samples subjected to CDT due to the constant temperature
application, leading to a higher evaporation rate in the food
material (Beigi, 2016). Similarly, the CDT-dried apple slices
lost 41.5% of their weight. Similar results were observed
from the studies of Hosseini et al. (2019); Russo et al. (2019);
Suresh et al. (2016).

Effect of dehydration on chemical characteristics
The moisture content, TPC, AOA and vitamin C content of
fresh and different dehydrated fruit slices are shown in Table 3

(on a dry weight basis). The moisture content and vitamin C
content were significantly reduced. Moreover, the TPC and
AOA improved in the fresh and dehydrated samples
depending on the type of fruit slices and dehydration
technique. Compared to those of the selected dehydration
techniques, CDT (5.2±0.03 to 5.8±0.07) and SDT (6.2±0.11
to 8.2±0.07) had the lowest moisture content with ODT
(15.8±0.24 to 24.4±0.30) in the samples. Air temperature
had a significant influence on moisture content during
dehydration. Due to the shorter drying time, the CDT
samples had superior quality to the other dehydration and
fresh slice samples in terms of the TPC and AOA content.
The temperature during the drying process causes changes
in the physical, chemical and biological composition of fresh
and dehydrated fruit slices (Mohammed et al., 2020). A large
improvement in TPC and AOA was noted in the pineapple
(53.57±1.34 to 215.61±1.17 mg GAE/100 g in TPC and
39.84±2.12 to 81.642.28% RSA in AOA) and banana slices
(32.07±0.22 to 188.87±0.12 mg GAE/100 g in TPC and
30.62±0.62 to 59.451.33% RSA in AOA) compared with other
fruit slices, which were dehydrated in the CDT. These
changes could be related to the release of bound phenolics
and the hydrolysis of complex phenolics, which result in the
production of low-molecular-weight molecules (Raja et al.,
2019). Similar results were reported by Lutz et al., 2015;
Chaudhary et al. (2019); Mohammed et al. (2020).

According to the DPPH analysis for AOA, all the
dehydrated samples had greater AOAs than did the fresh

Table 3: Chemical characteristics of fresh and different dried osmotic fruit slices.

Fruit slices Particulars
Moisture Total phenol Antioxidant activity Vitamin C

content (%) (mg GAE/100 g) (% of RSA) (mg/100 g)

Apple Fresh 85.4±2.42a 109.52±0.56d 41.25±0.72d 63.33±1.08a

ODT 20.6±0.39b 131.52±0.62c 55.23±0.15c 32.38±0.55b

SDT 6.6±0.17c 169.87±1.94b 65.58±0.82b 32.00±0.78b

CDT 5.6±0.05c 253.53±0.17a 77.56±1.27a 20.67±0.38c

Pineapple Fresh 80.3±0.93a 53.57±1.34d 39.84±2.12d 38.65±0.55a

ODT 24.4±0.30b 96.96±0.91c 57.65±0.69c 21.45±0.60b

SDT 8.2±0.07c 128.63±0.56b 69.92±0.92b 18.32±0.07c

CDT 5.2±0.03d 215.61±1.17a 81.64±2.28a 16.67±0.08d

Guava Fresh 82.6±1.52a 135.68±5.18c 48.25±1.86d 114.33±2.02a

ODT 15.8±0.24b 133.32±0.70c 56.60±0.73c 88.62±0.90b

SDT 6.2±0.11c 166.77±2.96b 65.78±1.25b 86.32±0.76c

CDT 5.8±0.07c 264.59±1.28a 80.46±2.63a 61.32±0.08d

Mango Fresh 75.2±1.74a 104.21±4.72d 28.03±1.16d 56.30±0.19a

ODT 17.2±0.46b 134.42±3.34c 37.96±0.32c 53.60±1.50b

SDT 6.9±0.10c 179.72±2.53b 49.21±0.48b 48.32±0.39c

CDT 5.7±0.07d 262.04±1.53a 59.92±1.55a 26.67±0.42d

Banana Fresh 68.4±0.51a 32.07±0.22d 30.62±0.62d 16.60±0.05a

ODT 21.8±0.18b 66.52±0.70c 33.14±0.77c 10.33±0.27b

SDT 7.8±0.21c 104.02±1.44b 42.57±1.07b 8.00±0.10c

CDT 5.8±0.04d 188.87±0.12a 59.45±1.33a 5.12±0.15d

Each value is the Mean±SD of three replicate analysis (n=3); The values mentioned in superscripts are significantly different at p<0.05
in the same column within the fruit slices; GAE- Gallic acid equivalent; RSA- Radical Scavenging Activity; ODT- Open sun drying, SDT
- Solar tunnel drying and CDT- Hot air (cabinet) drying.
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samples. The dry fruit slices exhibited greater AOAs in CDT,
followed by those in SDT, ODT and fresh fruit slices. This
could be due to various factors, such as changes in
antioxidant components, the formation of new substances
from the Maillard reaction and the inactivation of oxidative
and hydrolytic enzymes (Lutz et al., 2015).

Higher ascorbic acid concentrations were obtained in
the fresh fruit slices and decreased during the drying process
in the order CDT<SDT<ODT. This is because the loss of
vitamin C is accelerated by air and heat. Vitamin C
degradation depends on the temperature and duration of
exposure to drying (Rokib et al., 2021). Vitamin C is heat
sensitive and loss of vitamin C occurs during prolonged
exposure to temperatures greater than 55C (Raja et al.,
2019).

CONCLUSION
This study investigated how different traditional drying
processes affect the physicochemical properties of sugar
osmosis-treated fruit slices. Drying techniques, viz., ODT,
SDT and CDT, were studied. During the osmosis treatment,
the fruit slices take soluble solids from the osmosis solution
and increase the TSS concentration. The physical
characteristics such as length, breadth and thickness,
significantly differed within the selected osmosis-treated fruit
slices and drying techniques compared with those of the
fresh samples. The results also indicated that drying in a
CDT could improve the rehydration and weight reduction
percentage of the dried fruit slices. The results showed that
the moisture content was strongly reduced in the CDT and
SDT groups, which was reflected in the physical
characteristics of the dried fruit slices. However, compared
with those in other drying and raw fruit slices, the vitamin C
content was strongly reduced in CDT and SDT, while the
TPC and AOA were increased in CDT. The hot air traditional
drying process is a simple technique for obtaining better
sources of natural antioxidants and phenolic compounds
from osmosis-treated dehydrated products. Hence, among
the traditional drying methods, hot air drying techniques are
suitable for producing osmosis-treated fruit slices with

improved physical and nutritional properties and are free
from any environmental contamination.

ACKNOWLEDGEMENT
The authors would like to thank the Amrita School of
Agricultural Sciences, Amrita Vishwa Vidyapeetham, for
facilitating this study.

Conflict of interest
The authors declare that they have no conflict of interest.

REFERENCES
Adeyeye, S.A.O., Ashaolu, T.J. and Babu, A.S. (2022). Food drying:

A review. Agricultural Reviews. 1(8). doi: 10.18805/ag.R-
2537.

AOAC. (2012). Official Methods of Analysis (Vol. 19th Edition): The
Association of Official Analytical Chemists, Gaithersburg,
MD, USA.

Beigi, M. (2016). Influence of drying air parameters on mass transfer
characteristics of apple slices. Heat and Mass Transfer.
52(10): 2213-2221.

Caballero Cerón, C., Serment Moreno, V., Velazquez, G., Torres,
J.A. and Welti Chanes, J. (2018). Hygroscopic properties
and glass transition of dehydrated mango, apple and
banana. J. Food Sci. Technol. 55: 540-549.

Calín-Sánchez, Á. Lipan, L. Cano-Lamadrid, M. Kharaghani, A.
Masztalerz, K. Carbonell-Barrachina, Á.A. and Figiel, A
(2020). Comparison of Traditional and Novel Drying
Techniques and Its Effect on Quality of Fruits, Vegetables
and Aromatic Herbs. Foods. 9(9): 1261.

Campos, C.D.M., Sato, A.C.K., Tonon, R.V., Hubinger, M.D. and
Cunha, R.L.D. (2012). Effect of process variables on the
osmotic dehydration of star-fruit slices. Food Sci. Tech.
32: 357-365.

Chaudhary, V., Kumar, V., Singh, B., Kumar, R. and Kumar, V.
(2019). Impact of different drying methods on sensory
properties of osmotic dehydrated pineapple slices. Asian
Journal of Dairy and Food Research 38(1): 73-76. doi:
10.18805/ajdfr.DR-1434.

Chavan, U. and Amarowicz, R. (2012). Osmotic dehydration
process for preservation of fruits and vegetables. J. Food
Res. 1(2): 202-209.

Assessing the Physicochemical Characteristics: A Comparative Analysis of Various Drying Methods in Osmotic Treated Fruit...

Fig 5: Impacts of dehydration techniques on the weight reduction (%) of different osmosis-treated fruit slices.



        Asian Journal of Dairy and Food Research8

Defraeye, T. (2017). Impact of size and shape of fresh-cut fruit on
the drying time and fruit quality. J. Food Eng. 210: 35-41.

Dryzga, M.D., Yano, B.L. andrus, A.K. and Mattsson, J.L. (2007).
Evaluation of the safety and nutritional equivalence of a
genetically modified cottonseed meal in a 90-day dietary
toxicity study in rats. Food Chem Toxicol. 45(10): 1994-
2004. doi:10.1016/j.fct.2007.04.017.

Eren, İ. and Kaymak-Ertekin, F. (2007). Optimization of osmotic
dehydration of potato using response surface methodology.
J. Food Eng. 79(1): 344-352.

Fernandes, F.A. and Rodrigues, S. (2007). Ultrasound as pre-
treatment for drying of fruits: Dehydration of banana. J.
Food Eng. 82(2): 261-267.

Hosseini, S.F., Nahvi, Z. and Zandi, M. (2019). Antioxidant peptide-
loaded electrospun chitosan/poly (vinyl alcohol) nanofibrous
mat intended for food biopackaging purposes. Food
Hydrocoll. 89: 637-648.

Lim, Y., Lim, T. and Tee, J. (2007). Antioxidant properties of several
tropical fruits: A comparative study. Food Chem. 103(3):
1003-1008.

Lutz, M., Hernández, J. and Henríquez, C. (2015). Phenolic content
and antioxidant capacity in fresh and dry fruits and
vegetables grown in Chile. CyTA J. Food. 13(4): 541-
547.

Mehta, D., Sharma, A., Yadav, N., Alam, T. and Bhardwaj, A. (2017).
Comparative studies on dehydration of mint (Mentha
arvensis) by open sun drying, solar drying and hot air
cabinet drying.  Asian Journal of  Dairy and Food
Research 36(2): 150-155. doi: 10.18805/ajdfr.v36i02.7961.

Mohammed, S., Edna, M. and Siraj, K. (2020). The effect of traditional
and improved solar drying methods on the sensory quality
and nutritional composition of fruits: A case of mangoes
and pineapples. Heliyon. 6(6).

NHB. (2023). Annual report of 2021-2022. Retrieved from National
Horticulture Board, Ministry of Agriculture and Farmers
Welfare, Government of India: https://www.nhb.gov.in/pdf/
Final202122.pdf.

Nummer, B.A. and Brian, A. (2002). Historical origins of food preservation.
National Center for Home Food Preservation. University
of Illinois Extension.

Raja, K.S., Taip, F.S., Azmi, M.M.Z. and Shishir, M.R.I. (2019).
Effect of pre-treatment and different drying methods on
the physicochemical properties of Carica papaya L. leaf
powder. J. Saudi Soc. Agric. Sci. 8(2): 150-156.

Rajapaksha, L., Gunathilake, D., Pathirana, S. and Fernando, T.
(2021). Reducing post-harvest losses in f ruits and
vegetables for ensuring food security- Case of Sri Lanka.
MOJ Food Process Technols. 9(1): 7-16.

Ramallo, L.A. and Mascheroni, R.H. (2012). Quality evaluation of
pineapple fruit during drying process. Food Bioprod.
Process. 90(2): 275-283.

Assessing the Physicochemical Characteristics: A Comparative Analysis of Various Drying Methods in Osmotic Treated Fruit...

Ramya, V. and Jain, N. (2017). A review on osmotic dehydration of
fruits and vegetables: An integrated approach. J. Food
Process Eng. 40(3): e12440.

Ranganna, S. (2005). Handbook of analysis and quality control for
fruit and vegetable products: Tata McGraw-Hills Education,
New Delhi, India.

Rokib, S.N., Yeasmen, N., Bhuiyan, M.H.R., Tasmim, T., Aziz, M.G.,
Alim, M.A. and Islam, M.N. (2021). Hyphenated study
on drying kinetics and ascorbic acid degradation of guava
(Psidium guajava L.) fruit. J. Food Process Eng. 44(5):
e13665.

Russo, P., Adiletta, G., Di Matteo, M., Farina, V., Corona, O. and
Cinquanta, L. (2019). Drying kinetics and physico-
chemical quality of mango slices. Chem. Eng. 75: 109-
114.

Salehi, F. (2023). Recent advances in the ultrasound-assisted
osmotic dehydration of agricultural products: A review.
Food Biosci. 51: 102307.

Singh, J.P., Kaur, A., Shevkani, K. and Singh, N. (2016). Composition,
bioactive compounds and antioxidant activity of common
Indian fruits and vegetables. J. Food Sci. Technol. 53:
4056-4066.

Singleton, V.L., Orthofer, R. and Lamuela-Raventós, R.M. (1999).
[14] Analys is of  total phenols and other oxidation
substrates and antioxidants by means of folin-ciocalteu
reagent. In Methods in enzymology (Vol. 299, pp. 152-
178): Elsevier.

Statista. (2023a). Global production of fresh fruit from 1990 to 2021.
Retrieved from https://www.statista.com/statistics/26226
6/global-production-of-fresh-fruit/.

Statista. (2023b). Global production volume of vegetables from 2000
to 2021. Retrieved from https://www.statista.com/statistics
/264059/production-volume-of-vegetables-and-melons-
worldwide-since-1990/#:~:text=This%20statistic%20
depicts%20the%20total and%20melons%20were%20
produced%20worldwide.

Suresh Kumar, P. and Sagar, V. (2016). Effect of packaging materials
and storage temperature on quality of osmosis dehydrated
guava slices during storage. Proc. Natl. Acad. Sci. India
B- Biol. Sci. 86: 869-876.

Tepe, T.K. and Tepe, B. (2020). The comparison of drying and
rehydration characteristics of intermittent-microwave and
hot-air dried-apple slices. Heat and Mass Transfer. 56(11):
3047-3057.

Tiwari, R. (2005). Application of osmo-air dehydration for processing
of tropical fruits in rural areas. Indian Food Industry 24(6):
62-69.

Yadav, A.K. and Singh, S.V. (2014). Osmotic dehydration of fruits
and vegetables:  A review. J. Food Sci. Technol. 51: 1654-
1673.


