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ABSTRACT

Drying seasonal fruit and vegetables are essential for safe storage and
preservation by reducing the moisture content to a certain level. In this study, green
mangoes and carrots were treated with an osmotic solution and followed by dried in
a micro oven-assisted convective dryer. The green mangoes sample was treated
with 10 % (w/w) NaCl solution for 4 h, and carrot slices were osmotically dehydrated
with 30 % honey (w/w) for 10 h. The moisture content was reduced after osmotic
treatment were 5.2 and 5 % for green mangoes and carrots, respectively. Moreover,
the behavior of convective and osmo-convective drying was investigated.
Furthermore, the curve for moisture %, drying rate, and convective drying were
plotted. The results show that the osmo-convective process reduced the time
consumption for the drying than regular convective drying at the same temperature.
It was reduced to 70 and 20 min for green mangoes and carrots, respectively.
Altogether, osmotic dehydration followed by convective drying is a commercially
acceptable process for the preservation of fruits and vegetables without altering the

nutrition value.
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CHAPTER-1

INTRODUCTION

In the typical human diet, fruits and vegetables play a significant role as
sources of nutraceuticals. The term "nutraceuticals” refers to substances that are
naturally present in foods or other ingestible forms and that have been shown to be
advantageous to the human body in terms of either improving physiological
performance beyond the effects of adequate nutrition or preventing or treating one
or more diseases in a way that is relevant to both an improved stage of health and
well-being and a decreased risk of disease. These ingredients may include
advantageous antioxidants, natural colourants (such carotenoids), minerals, and
vitamins, many of which may have additional benefits 2. India offers a diverse
spectrum of climatic and physio-geographical conditions, ensuring the availability of
most fruits and vegetables. An estimated 486 million tonnes of vegetables and 392
million tonnes of fruits are produced worldwide each year. India is the second-
largest producer of fruits and vegetables in the world, producing 90.534 million

tonnes of every year (National Horticulture Board 2015—-2016).

Although fruits and vegetables are produced during peak seasons, there are
insufficient preservation and storage facilities at those times, thus the market
becomes overstocked and gets rotten before it reaches the consumer. A lack of
postharvest handling up to consumption causes between 30—40% of the overall
yield in affluent countries to perish. However, postharvest losses in developing
nations like India were close to 50% of the total production of fruits and vegetables,
which has a negative impact on the consumers' access to fresh produce 3.
Transforming it into a variety of commodities for sale, such as slices, powder, juice,
or concentrate, would be one efficient way to lessen this enormous waste. The
advantages of processed products include a longer shelf life, greater bacterial
resistance, and less expensive handling, transportation, and storage. As a result,
it's essential to produce a finished good that is both healthful and of acceptable
quality for consumers 4. Food products are frequently preserved using a variety of
techniques, including smoking, dehydration, and minimal processing. It dried to
remove moisture, preserving and extending shelf life so that dried goods can be
sold year-round and, in the places, where these are not produced. Moreover, drying
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lowers the price of packaging, handling, and transportation in addition to reducing
bulk and weight. However, food quality alterations in terms of physical, sensory,

nutritional, and microbiological aspects could potentially result from drying °.
1.1 DRYING TECHNIQUES

Drying is a mass transfer technique used to reduce the bulk of agricultural
output by removing moisture from food products ©. Since drying requires the
transfer of heat, modern drying focused on use of less energy, improve drying

efficiency, and produce high-quality items at the lowest cost ”.

1.1.1 Natural drying

1.1.1.1 Solar drying

Since the beginnings of civilization, people have dried agricultural products
using the sun, a free and endless source of energy that is as old as the universe
itself. There are two types of solar drying: direct and indirect. This is a conventional
technique for drying food products using the sun. Before packing, foodstuff gets
dried off by being exposed to the sun for several days. In underdeveloped nations
where fuel is expensive and limited, this is fairly typical. Due to its simplicity and low
cost, sun drying is a widely used dehydration technique. Nonetheless, this drying
method has some significant drawbacks, including poor product quality, insect
attack, contamination with dust and filth, lengthy drying times, uncontrolled sunshine
exposure®. Moreover, low heat transmission rates due to condensation of
evaporated moisture. However, solar drying could be utilised to enhance the sun
drying process. A few types of solar dryers are chamber type, chimney type, and
wind-ventilated dryers. Again, in the indirect method of solar drying, heat is
produced by the solar system and directed into the foods to be dried by air
movement, heating the finished product with the top vented facility in the drying

chamber to remove the evaporated moisture °.
1.1.2 Artificial drying

1.1.2.1 Convective drying

The most popular technique for removing moisture from food items is
convective hot air drying of agricultural produce. Using modern heating equipment,

2



the convective method of drying is utilised to remove water. In order to properly
remove moisture hot air is used to transfer heat to the food products. Food drying

equipment could include a hot air tunnel dryer 0 tray dryer !, cabinet dryer 2.
1.1.2.2 Drying by radiation

It has been reported that long drying times and high hot air-drying
temperatures cause the loss of foods' heat-sensitive components. An alternate
technique to hot air drying that could be utilised to solve the issues is radiation
drying. Microwave radiation, which employs electromagnetic energy, is used to dry
food stuffs's. In order to spread microwave heat through space, electric and
magnetic fields are used. Microwave drying of food products has been discovered
to generate better-quality dried goods and to eliminate moisture from food products

more quickly and at a lower temperature!4.

1.1.2.3 Freeze drying

According to IFT, "freeze-drying is the method through which the solvent
(mainly water) or suspension medium is crystallised at low temperature and
eliminated by sublimation. Water sublimates i.e directly changes from a solid state
to a gaseous state, without melting. Hence, freeze drying is a procedure involves
drying the food product through freezing and direct subtraction of solvents
accompanying with the food by sublimation?!®. Since technique requires dehydration
at low temperatures through freezing at lower pressure followed by sublimation of
the ice, freeze drying is also known as lyophilisation or cryodesiccation. This
distinguishes freeze drying from the majority of traditional procedures, which involve
the application of heat to remove water'3. Moreover, in the first phase of freeze
drying has been found to produce superior quality dried goods since there was no
liquid water present throughout the freezing process, the drying temperature was
low, processes involving microorganisms ceased, and the food products could be
successfully rehydrated. However, investigators observed that variation in the
rehydration property of freeze-dried products. Pectin cell breakdown, changes in
water crystal size, and porosity as a result of salt concentration imposed by water
absorption. As compared to other drying techniques, freeze-drying produces dried
foods of the finest quality due to the preservation of flavour and structural integrity.
Even though it is expensive, freeze drying is only utilised for high-value products

3



including seasonal fruits and vegetables, coffee, and consumables for the military,
astronauts/cosmonauts, and hikers®. Products that have been freeze-dried show
quick rehydration, good organoleptic properties, low chemical change, less volume
loss, greater retention of vitamins, antioxidants, and colourants, and minimum
chemical change. Despite the benefits, there are a number of drawbacks to freeze
drying, including expensive equipment costs and considerable energy usage during

the freezing, drying, and condensing processes.
1.1.2.4 Ultrasound drying

In comparison to traditional hot air drying, food could be dried using
ultrasound to improve the attributes and quality of the items. Ultrasonic energy can
be used on its own or in combination with other energies, such as hot air. Moreover,
by reducing temperature or treatment time, ultrasound enhances the quality of the
final product. The use of ultrasound to dry food speeds up the drying process and
uses less energy. Researchers noticed that the resulting product quality was
superior to that of control operations without ultrasonic enhancement due to the
slight "temperature impact”. It was also noted that the main barrier for industrial
application of ultrasonic technology was defined as the lack of an appropriate
method for generating power ultrasound in air'’. Bell pepper was dried an integrated
ultrasound freeze drying system that could be used to dry various food items. Many
researchers reported that the impart heating effect of the food stuffs when
ultrasound was applied continuously, even at low ambient pressure. Additionally,

the using of ultrasound minimized the drying time by 11.5%?8.
1.1.2.5 Other techniques for drying

Other artificial drying methods are dielectric drying, microwave drying, radio
frequency drying, electro-hydrodynamic drying, fluidized-bed drying, low-pressure
superheated steam drying etc. Microwave and radio frequency electromagnetic
energy directed and allowed to interact with food interiors, it rapidly raises the centre
temperature to promote drying of the food products!®. Microwave drying includes the
drying of foodstuffs using a microwave. Heat transfer occurs during the dehydration
of foods as microwave energy penetrated and heats it without forming thermal
gradients. Food products can absorb microwave radiation, which causes it to be



transformed into heat. However, microwave heating has a number of drawbacks,
including uneven material drying, shallow heat penetration, and the "puffing"

phenomena?.

In recent years, radio frequency drying, which involves heating food with
radio frequency radiation to provide quick and efficient thermal treatment for drying
purposes, has gained more popularity. On the basis of coupled mechanisms of
dipole rotation and conduction effects, radio frequency energy has been noticed to
volumetrically release heat within food, resulting the enhancement of the drying
process of food products?l. However, it has been discovered that radio frequency
thermal treatments can minimise the loss of thermal quality in drying items.
Moreover, non-uniform heating and runaway heating are the main drawbacks of
radio frequency heating, which can cause overheating in the corners, edges, and
core sections, especially in products with intermediate and high moisture contents.
Relative to conduction, radiation, or other methods of heat transmission, electro-
hydrodynamic drying is a new drying technique that is not as well-known. It is a non-
thermal drying method used to dry heat-sensitive materials. In this technique, drying
is performed by supplying a strong electric field to a single or a group of electrodes,
and to speed up the drying process, a plate electrode is also employed. Moreover,
quick evaporative cooling and dipole orientation in the electric field, drying is

accomplished at lower drying temperatures and entropies?2.

Food ingredients in granular form are dried using fluidized beds. It has a
number of benefits, including effective, affordable, and durable drying equipment.
This kind of drying enables efficient mass and heat transmission between the drying
medium and the food ingredients. Along with a faster drying rate, it also produces
high-quality dried food products. Food items such as waxy rice 23, sliced potatoes
24 maize 2° had dried using this technique. Several food products have been dried
using superheated steam. This process is environmentally friendly, reduces the risk
of fire and explosion, uses less energy, has a high drying rate, and yields dried
goods of excellent quality?®. However, there are significant drawbacks when used to
dry foods that are heat-sensitive. Furthermore, dry heat- and oxygen-sensitive items
have been exposed to superheated steam at low pressure, which has effectively

preserved the physical and chemical characteristics of such food products?’.



Table 1.1: Different drying techniques with their advantage and disadvantage

Drying techniques

Advantage

Disadvantage

Natural

drying

Artificial
drying

Solar

drying

Drying by

radiation

Freeze

drying

Sun is as old as the
universe itself and is a
free and an inexhaustible
source of energy

Sun drying is a commonly
used method of drying
due to its simplicity and

cheapness

Heat sensitive
components of foods are
lost as a result of long
drying time and high
temperature.

It's an alternative method
that could be used to
overcome the problems
encountered in hot air
drying

Superior quality dried
product as a result of
absence of liquid water
during freezing

Low temperature  of
drying with cessation of
reactions involving

microorganisms

Poor products quality as a
result of insect attack
Contamination with dust and
dirt

Long drying time and
unregulated exposure
sunlight

Poor heat transmission rate
because of condensation of

evaporated moisture

Scorching has been a
problem  with  microwave
heating due to reduced
moisture towards the end of

the drying process

Freeze drying is costly and
thereby used for drying high-
value products such as
seasonal fruits and
vegetables

Example: coffee and foods
used for military,
astronauts/cosmonauts

and/or hikers.




Ultrasound

drying

Osmotic

drying

Convective

drying

Application of ultrasound
to dry food shortens the
drying time

Reduces total energy

consumption

It involves removal of
water from plant tissues
by immersion in a
hypertonic solution which
results into a
concentration differential
between the moisture of
food to be dried and the
solution

Convective method of
drying is used to remove
water from agricultural
produce through heat
transfer in modern
heating equipment.

This involves the use of
hot air to transfer heat to
the food products and
remove moisture
effectively from the food

products

lack of an effective technology
for generating power
ultrasound in  air was
distinguished as the primary
constraint  for industrial
application of ultrasound

technology

the osmotic drying process is
economical

It depends on: temperature of
osmotic solution,
concentration of the osmotic
solution, osmotic agent used,
process duration and

geometry of food material

Heat sensitive components of
foods are lost as a result of
long drying time and high

temperature of hot air drying




1.2 OSMOTIC DEHYDRATION

Osmotic dehydration is a technique widely employed as a pre-treatment to
lessen the negative effects of convective drying in the third generation of drying?s.
Moreover, it is a quick and easy method that preserves the nutritional value, colour,
flavour, and texture of fruits and vegetables during processing. It has no adverse

effects on the body as there are no chemicals used in its preservation?°.

1.2.1 Principles of osmotic dehydration

The physico-chemical changes that occur in the product throughout the
dehydration process have been thoroughly explored in relation to emerging novel
techniques. Drying can enhance the quality of materials that might create value-
added chemicals during the drying process, such as spices, medicinal plants, herbs,
nuts, fruits, and vegetables in addition to protecting the product®°. In order to create
fruit and vegetable matrices to which functional components can be successfully
added, osmotic dehydration soaking seems to be a promising approach. This could
lead to the development of innovative functional goods and new economic
prospects. Due to its minimal treatment, the production of food with an intermediate
moisture content using osmotic dehydration has attracted a lot of consumer
attention recently3.

Foods like fruits and vegetables can be osmotically dehydrated by
submerging them in concentrated soluble solid solutions with increased osmotic
pressure and decreased water activity. Since food and the osmotic medium have
different chemical potentials for water, dehydration results from this. Moreover, the
process of osmotic dehydration results in simultaneous tissue shrinkage and mass
transfer. However, osmotic dehydration is a combination of water and solute
diffusion processes since it is difficult to develop a fully semi-permeable membrane

in food systems and occasionally solid diffusion occurs into the food32.



Since most food materials contain a considerable amount of water, the main
benefit is to limit the water activity of the food materials, hence reducing the growth
of microorganisms. Therefore, these are economical to store and transport. Although
phase shift is not required, osmotic dehydration is found to be an energy-efficient
approach of partial dehydration. Additional options include fortifying food with
substances that can change its structural, functional, and nutritional aspects, as well
as food composition that lowers water activity. Moreover, it works well at room
temperature, minimising the effects of oxidative changes and heat damage to

colour, texture, and flavour as well as the loss of volatile ingredients32.

Osmotic solution Product

water

Solutes (
-

L
(sugar)
products own selufes

[vitamins, orgamic acids,
minerals, ete.)

Fig: 1.1: Mechanism of osmotic dehydration

1.2.2 Mechanism of mass transfer through osmotic dehydration

A counter-current mass transfer takes place when the product interacts with
a low water activity solution during osmotic dehydration. Water is transferred from
the product to the solution, and in the opposite way, soluble solids from the osmotic
solution are incorporated into the food substance. The food industry has adopted a
pre-treatment method that involves the partial loss of water from plant tissues
caused by immersion in a hypertonic (osmaotic) solution, as shown in Figure 1.

Water from the tissue flows into the hypertonic solution when the osmotic
pressure is raised. Solutes from osmotic solutions reach the tissue through counter-
diffusion. Additionally, a lack of complete selectivity in the osmotic membrane it also
allows other solutes in the cells to leach into the osmotic solution. Furthermore,

depending on factors like temperature, concentration, size, geometry, and the ratio



of the solution to the material, the substance containing plant tissues will diffuse
water at a varying rate.

Three different forms of counter mass transfer are listed by the osmotic
dehydration process,

e Water initially diffuses more quickly from the product into the solution, then
more slowly.

e Solutes moving from the solution to the finished product. It introduces a
preservative, another nutrient-dense substance, and also enhances the
product's flavour and texture.

e Leaching out of the own solute of product (such as sugar, organic acids,
minerals, vitamins, and so on), which is less significant than the first two types

of transfer but essential to the final product constitution

1.3 OSMO-CONVECTIVE DRYING

Convective hot air drying at high temperatures causes the product to undergo
physical and biological changes. These modifications typically have negative effects
on areas of product quality such vitamin degradation and browning reaction.
Therefore, choosing the right drying techniques and optimising the drying conditions
are crucial for enhancing product quality®*. In the food processing industry, osmotic
dehydration is an additional treatment and food preservation method. It minimizes
the impact that heat had upon flavour, colour, and enzymes browning. As it can be
done at low or ambient temperatures, it requires less energy than air or vacuum
drying. However, osmotic dehydration might not produce a product with a low
enough moisture content to make it shelf-stable, thus additional processing, like air
drying, vacuum drying, or freeze-drying, is required. As a result, a different drying
technique that combines osmosis with partial fruit dehydration has drawn interest in
recent years. It is a method for producing foods with intermediate levels of moisture
and foods that are shelf-stable as well as for use as a pre-treatment before drying

to minimise energy consumption and heat damage®®.
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CHAPTER-2

LITERATURE REVIEW

2.1 OSMOTIC PROCESS INFLUENCING PARAMETERS
2.1.1 Pre-treatment

Many researchers have used pre-treatments like blanching, sulfiting, alkaline
dipping, utilisation of high hydrostatic pressure, and freezing before osmotic
dehydration to decrease the detrimental alterations to biological components
resulting from conventional drying methods. Blanching and osmotic pre-treatments
of carrot slices prior to drying resulted in improved nutritional value and sensory
acceptability®®. However, the blanching pre-treatment of vegetable pieces at a
temperature of 100 °C for 10-30 s increased the efficient water and sucrose diffusion
coefficients. Consequently, pre-treating produce with sulphur dioxide or blanching37
can prevent fruit and vegetable discolouration®’. Slices of papaya and mango were
soaked in 0.4% ascorbic acid solution and 0.4% ascorbic acid + 0.1% KMS solution
for 30 minutes prior to osmotic dehydration, producing a highly satisfactory product.
Moreover, food materials that were immersed in acid or alkaline solutions prior to
drying retained their colour. Fruits and vegetables were protected from enzyme
browning by dipping them in a 1.0% citric acid solution before to osmotic

dehydration38,
2.1.2 Type of osmotic agent

Sucrose and sodium chloride are the most commonly used osmotic agents
in fruits and vegetables, respectively. Other osmotic agents include glucose,
fructose, lactose, dextrose, maltose, polysaccharides, maltodextrin, corn starch
syrup, and others. The osmotic agent used must be safe and tasty. Moreover, high
fructose corn syrup has a higher diffusivity during osmotic dehydration of apple than
sucrose. Because of the high velocity of molecule penetration, lower molecular
mass saccharides (glucose, fructose, sorbital, etc.) favour sugar uptake, so solid
enrichment rather than dehydration is the main effect of the process. As the dextrose
equivalent value increased, the water activity lowering capacity increased. There

were logarithmic relationships discovered between molecular weight and dextrose
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equivalent3®, However, as the solid con- tents increased, the diffusion coefficient
decreased*’. This was linked to the formation of a barrier layer, which was aided by

high molecular weight solutes, preventing the loss of natural fruit solutes?:.
2.1.3 Concentration of osmotic solution

The type of sugar and its concentration as an osmotic substance have a
significant impact on the kinetics of water removal, solid gain, and equilibrium water
content. Weight loss and dehydration aspects of the process are favoured by
increasing the molar mass of the solute, and both equilibrium and drying rate

increase with increasing osmotic syrup concentration?.
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Fig: 1.2: Osmotic process influencing parameters
2.1.4 Temperature of osmotic solution

Temperature has a significant impact on the rate of osmosis. This is the most
important factor influencing kinetics. Many researchers have conducted extensive
research on the temperature of the osmotic process*:. Water loss increases as
temperature rises, whereas solid gain is less affected by temperature. The rate of
osmosis increases the mass exchange and diffusion coefficient, but above 50 °C,
enzymatic browning and flavour deterioration occur. Ascorbic acid and chlorophyll
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retention are also significantly affected. High temperatures above 60°C alter tissue
properties, favouring the impregnation phenomenon and thus solid gain. Moreover,
water loss and solid gain increase in temperature up to 50 °C depending on the fruit
and variety, then fall sharply to become nearly constant at 60 °C, indicating a

negligible increase in the rate of sucrose diffusion above 60 °C#4,
2.1.5 Process duration

Increased immersion time results in greater moisture loss during osmotic
dehydration. Previous research found that the solid gain and weight loss of the
product during osmosis reach an equilibrium state with respect to time#°. Research
into the impact of duration on the osmotic process revealed that mass exchange
occurred at a faster rate during the first 2 hours, followed by a decrease in drying
rate during the remaining process time. At a concentration of 45% to 60% and a
temperature range of 20 to 50 °C, the apple slices lost about 25% of their water
within the first hour and 40% after the third hour of osmotic treatment*®. However,
the initial period of time is critical, because mass transfer phenomena seem to be

rapid and have a significant impact on the osmotic process further progression3.

2.1.6 Agitation during osmotic dehydration process

Since the lowering in resistance caused by the localised dilution process, the
osmotic mass transfer rate increases with agitation during the osmotic process. The
use of highly concentrated sugar solutions causes issues such as floatation of food
portions, which hinders contact between the osmotic solution and food materials,
reducing mass transfer rates. Agitation has been shown to reduce the rate of solid
gain over a longer process period*’. It could be caused by increased water loss,
which changes the solute concentration gradient within the food material. As solute
diffusion into the cell is slow, the majority of it accumulates as a thin subsurface
layer. The mass transfer rate of agitated and non-agitated samples was
investigated. Weight loss was greater in agitated samples than in non-agitated
samples. Stirring causes turbulence, which increases the rate of diffusion during the
process. Water loss was greater in the turbulent flow region than in the laminar flow

region. As a result, agitation is a useful complementary process for increasing the
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mass transfer rate by reducing the contact time between the food and the osmotic

solution?8,

Table 2.1: Osmo-convective drying of different fruits and vegetables

Sl no. Sample Osmotic treatment Convective drying Reference
Osmotic agent: 40 %
glucose solution Conventional cabinet
Room temperature dryer
i 12
1 Apple The . ma_tenal to Temperature: 105 °C
solution ratio was 1:20 . :
Time: 120 min
(w/w)
Time: 150 min
Osmotic agent:
. T
Cauliflower Sugar—salt, salt, and ray dr.yer
maintained
2. Mushroom sugar—salt plus Temperature: 60 °C 49
Greenpea MgHCOs P '
Time:5h
Osmotic agent: Sugar
syrups Convective tray dryer
: Temperature: 50 °C Temperature: 50-80 50
3. Sapota (Chikko) Time: 1 h °c
The ratio of syrup to Time:5h
sapota slice was 5:1
Slices thickness: 0.3
cm
Osmotic agent:
4 Fresh sweet Sugar, . jaggery, Cabinet dryer 51
oranges honey, stevia Temperature: 60 °C
Product/solution ratio
was 1:5
Temperature: 40 °C
Osmotic agent:
. sucralose solution
Yacon slices RoOM temperature Tray dryer
(Smallanthus P . Temperature: 60-80
5. e The material to o
sonchifolius) solution ratio was 1:20 c
Camila ' Time: 3 h 52
(Wiw)
Time: 2 h
Jackfruit Osmotic agent: Salt Tray dryer
6. (Artocarpus solution (15% Temperature: 50 - 70 1
heterophyllus) concentration) °C
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8.

Osmotic agent: 60%
sugar and 3% salt
Slices thickness: 10

Constant air flow
velocity: 1.5 m/s

Tray dryer
Temperature: 60-70

Carrot - o
Time: 3 h Time: 30 min
* Temperature: 60 °C
+ Forced air cabinet
dryer
; ] * Temperature: 50 + 1
Blueberries ) SUSCT;;:: agent: o
* Air velocity: 0.64
0.02 m/s
* Time: 30 min
 Slices size: lcm
xlcmxlcm
Beetroot « Time: 180 min . Tgmpergture: 65 °C
 Temperature: 55 °C « Air velocity: 1.6 m/s
» fruit to solution ratio
1:4 (w/w)

53

54

55

2.1.7 Sample to solution ratio

Another important parameter that influences osmosis is the solution-to-
sample ratio. Up to a certain point, a change in ratio affects mass transfer during
osmosis. The solution to sample ratio should be chosen carefully so that the driving
force for moisture removal remains until the end of the process. When osmotic
solutions become dilute, the driving force for water release decreases. As
dehydration progresses, the osmotic solution becomes increasingly dilute, acting as
a driving force for further water drop release*®. The majority of researchers used
sample-to-solution ratios ranging from 1:1 to 1.5 to study mass transfer kinetics by
monitoring in solution concentration and other factors. In osmotic dehydration,
increasing the osmotic solution to sample mass ratio resulted in an increase in both
solid gain and water loss. Most workers used a large solution to product ratio (at
least 30:1) to avoid significant dilution of the medium and subsequent decrease of
the (osmotic) driving force during the process, whereas some investigators used a
much lower solution to product ratio (4:1 or 3:1) to monitor mass transfer by following

changes in the concentration of the sugar solution. However, an optimum ratio is
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required because large ratios present practical difficulties in handling the syrup fruit

mixture for processing. For practical purposes, a ratio of 1:2 or 1:3 is ideal®®.

2.2 REUSE OF OSMOTIC SOLUTION

To make osmotic dehydration more economically appealing, the osmotic
solution must be reconcentrated in some way, either by evaporation or by adding
fresh osmotic reagent. It can be an efficient complementary processing step to
thermal dehydration in the overall chain of integrated food preparation. The
problems associated with used osmotic solutions are related to changes in
properties (pH, viscosity, water activity of solution, sensory properties (primarily
flavour and colour), and a raise in organic matters, which offers a substrate for
microbial growth®’. The type of processed material, type of reconcentration method,
pasteurisation parameters, process organisation, and individual adaptation to the
particular process influence the spent solution management. The solution that was
left over after osmotic treatment of fruits was suggested to be used in other food
preparations such as jams, syrup for fruit canning, mixing with fruit juices, fruity soft
drinks, pharmaceutical and food industries as natural additives, and feedstuffs

production®8,

2.3 APPLICATION OF OSMOTIC DEHYDRATION PROCESS

Osmotic dehydration is primarily used to improve the nutritional, organoleptic,
and functional qualities of a product. Since the process is carried out at room
temperature, heat damage to colour and flavour is reduced, and the sugar
surrounding fruit and vegetable pieces is concentrated, thereby preventing
discoloration*, Moreover, high-quality fruits and vegetables with functional qualities
suitable for various food systems are achieved through selective enrichment in
soluble solids and lowered acidity with little or no sulphur di oxide use. These
advantages can be obtained while using less energy than a standard drying
procedure. Furthermore, osmotic dehydration is a gentle processing technique with

higher organoleptic affinity for natural and dehydrated products®®.
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2.4 STORAGE OF OSMO-DEHYDRATED PRODUCTS

By addressing the issues of fruit glut seasons, most vegetables and fruits
could be made available year around. To prevent moisture absorption from the
atmosphere and other contaminations, osmo- dried foods are packaged in high-
quality airtight containers and food grade cans. Packaging of osmo-dehydrated
products should be done with laminated polypropylene pouches and aluminium foil.
Furthermore, due to the reduced weight and volume of osmo-dehydrated food,
significant cost savings in packaging and distribution may be possible, resulting in
easier handling and transportation to the market. Osmo-dehydrated food can be
stored at room temperature for 6 months to a year. Chemical reactions and the
growth of toxin-producing microorganisms cease at lower water activity levels. The
main concern for improving osmo-dehydrated food products is their microbial load,
which may affect the shelf life of packaged products, particularly cut fruits. As a
result, without any additional processing steps, the approach for reducing microbial
load could reduce postharvest losses while maintaining costs, thereby adding value
to food products. A suitable combination of water activity and pH was discovered to
be very effective in controlling microbes in food. It has been discovered, for example,
that pre-treatment with acid solutions inactivated Escherichia coli in dehydrated
apples. The use of citric acid in various kinds of cut fruit and vegetables has been
extensively accepted as a successful method of lowering the surface pH. The
combination of low pH and water activity reduces microbial loads significantly. Water
activity is an essential factor that affects microbial ecology and is critical for osmo-
dehydrated product shelf life. It is identified as the accessible moisture content of a

packaged food.
2.5 ECONOMICAL BENEFITS OF OSMOTIC DEHYDRATION

Over the last three decades, much research has been conducted on osmotic
dehydration, and it has been discovered that it is one of the best methods for
preservation because it does not destroy many nutritional parameters such as
colour, flavour, and texture. Considering the significance of the field and its future
potential, the European Commission has funded a project called "Improving food
quality by applying osmotic treatments in conventional and new processes (FAIR-
CT96-1118)" led by Professor W.E.L. Spiess of the Federal Research Centre for
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Nutrition in Karlsruhe, Germany, and involving 13 other European countries®. The
method is indeed very simple, cost effective (energy requirements are 2-3 times
lower than in conventional drying), and useful for producing safe, stable, nutritious,
tasty, economical, and concentrated fruit products. It was discovered that combining
the osmotic process with air or vacuum drying was less expensive than freeze-
drying. The osmotic dehydration will be an important step in many processing
operations in the future because it reflects a potential energy savings and an

enhancement in overall food product quality®°.
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CHAPTER-3
AIM AND SCOPE

Based on literature review taking account all the advantages of osmo-
convective drying this research was conducted. In this experiment green mangoes
and carrots were selected. As, mango is a well-known tropical fruit that is widely
grown. The fruit is high in antioxidants and should be included in one's daily diet
because of its health benefits, which include a lower risk of cardiovascular disease,
anti-cancer, and anti-viral properties. It also contains a large quantity of 3-carotene,
a carotenoid, that is responsible for the typical yellow colour of the mangoes.
Furthermore, as a provitamin A and antioxidant, 3 -carotene is extremely beneficial
for human consumption.

On the other hand, Carrot is one of the most important root vegetable crops
and is extremely nutritious, containing significant amounts of vitamins B1, B2, B6,
and B12. It also contains a variety of essential minerals. Carrots have the largest 3
-carotene content of any human nutrition, with approximately 5-8 mg of 3 -carotene
per 100 g. Carrot pigment 3 -carotene is a precursor to vitamin A. Carrots also have
a high fibre content, which helps to maintain a balanced diet.

This research involves a combination of convective and osmo-convective
drying of mangoes and carrots. This study includes osmotic treatment with salt

solution and honey solution followed by drying.

The specific objectives of this research include,

+« To study the drying characteristics of mango and carrot without treating
osmotic solution.

% To study the osmotic behavior of mango and carrot.

¢ To study the drying characteristics of mango and carrot treated with osmotic

solution.
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CHAPTER-4

MATERIAL AND METHOD

4.1 MATERIALS

Fresh green mangoes (Mangifera indica) and carrots (Daucus carota) were
procured from the local vegetable market at Madhavaram, Chennai, India (13.09°
N, 80.13°E). The reagents used in the experiments were NaCl (purity: 99%) and
Honey (purity: 100%). These were supplied by Merck India Ltd., Mumbai and local
supermarket at Chennai, India. All experimental solutions were prepared with
purified drinking water, which was obtained from the Livpure Smart Water Purifier

unit.

4.2 SAMPLE PREPARATION

The mangoes and carrots were washed thoroughly with tape water to remove
all the dirt and debris. These were peeled off and cut in small pieces with a sharp
knife. The average size of the mangoes and carrots were 30*10*10 mm and 5mm
slices respectively. These samples weighted and used for further convective drying
and osmo-convective drying. A stock solution of osmotic agent was prepared by
dissolving accurately weighed amounts of NaCl and honey in purified drinking water.
The desirable experimental concentrations of solutions were prepared by diluting

the stock solution with purified water according to necessity.

4.3 OSMOTIC TREATMENT

Previously weighted mango pieces were subjected to osmotic treatment in
10 % NaCl solution, at room temperature of 305 °C. Moreover, the material to
solution ratio was 1:10 (w/w) and samples were kept submerged for 4 h. Similarly,
the slices of carrots were immersed into 30% of honey solution for 10 h with a ratio
of 1:10 (w/w) sample to osmotic solution. The solution containing samples was
stirred manually at a regular interval to make it uniform.
Furthermore, the solutions were drained after osmotic treatment. The samples were
blotted with tissue paper to remove the excess of osmotic solution from their surface

and weighed.
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Fig: 4.1: Process flow diagram of convective and osmo-convective drying of

mango and carrot
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4.4 CONVECTIVE DRYING

Convective drying of the samples without osmotic treatment and with osmotic
treatment was carried out in micro oven assisted convective dryer. The samples
were placed in one layer on a tray and dried at 110 °C for 180 min.

r 1 ’
: )
®
L |
Salt sblution

Honey solution \_j

Osmotic treatment of carrot Convective drying Osmotic treatment of green mango

Fig: 4.2: Experimental setup for osmo-convective drying of green mangoes

e

and carrots
4.5 QUALITY EVALUTION

All the sample including before and after osmotic treatment and the
dehydrated product quality was evaluated in Scientific Food Testing Services Pvt
Ltd. (13.07 °N, 80.15 °E). The different testing was carried out by using specific
method to determine the moisture and nutritive parameters for mango and carrot
samples. All the testing methods are listed below,
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Table 4.1: Test methods applied for quality evalution

Sl no. Test parameters Test method

1. Moisture FSSAI Lab Manual, Fruits & Veg Products 4.1

SFTS/FCL/SOP/003 Issue No: 01

2. Fat

Issue date: 03.01.2015
3. Crude Fiber IS 10226 (Part-1)

SFTS/FCL/SOP/002 Issue No: 01

4, Protein

Issue date: 03.01.2015
5. Carbohydrates IS 1656

Food Energy Method of analysis and

6. Energy

Conversion Factor (FAO)

4.6 DRYING CHARACTERISTICS

4.6.1 Moisture content

The moisture content of fresh and osmotically dehydrated green mango and
carrot samples was determined using the AOAC (1984) method. It was obtained by
taking a small amount sample and estimating the moisture content by recording the
weights using the equation below,

W; —

W,
x 100
A ®

% moisture content =

Where, W1 and W2 indicates mass of original sample and dry sample.
4.6.2 Drying rate

The moisture content of this study was analysed to determine the

amount of moisture lost from a sample of green mango and carrot over a specific
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time interval. The drying rate of the samples was calculated using the mass balance

eqguation,

. WML (Kg)
" Time interval (min) x DM (Kg)

(2)

Where, WML signifies [Initial weight of sample — Weight of sample after time (t)] and DM
implies Dry material.

4.6.3 Water content

The following equation is used to estimate the water content of green mango
and carrot during dehydration at a specific temperature,
w,—-WwW, Kgwater

. = X
Watr content (d.b) W, Kg DM 3)
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CHAPTER-5

RESULT AND DISCUSSIONS

5.1 DRYING CHARACTERISTICS
5.1.1 Effect of moisture % of convective and osmo-convective drying

The variation of moisture % with time for green mango is duplicates in Figure
5.3. It has been found that the initial moisture content in green mango was 75%.
After osmotic treatment the moisture content reduction was 5.2%. In case of
convective drying moisture removed up to 2% in 120 min. However, in osmo-

convective drying 1.6% sample moisture left after drying within 110 min.

Green mango

= 50 - —@— Osmo-convective drying
—— Convective drying

0 20 40 o6 80 100 120 140 160 180
Time(min)

Fig 5.1: Moisture % (w.b) during osmo-convective drying and convective

drying for green mango

On the other hand, moisture % during convective and osmo-convective
drying is displays in Figure 5.3. Initial moisture content in carrot was tested 88 %.
Whereas, after osmotic dehydration in honey solution the moisture content reduction

was 5 %. In convective drying moisture removed up to 2 % in 160 min. Nevertheless,
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in osmo-convective drying 0.5 % sample moisture remain after drying within 140
min. In comparison to direct convective drying, osmotic pre-treatments reduced the

rates of complementary convective drying and increased the total dehydration time.

90 4
Carrot
75 4
= : :
2 60- ¥— Osmo-convective drying
< —a— Convective drying
X
=]
o 45
=
Z 304 *
-51 o \
9
- " ) \N\-
r g °
0- o3

0 20 40 60 80 100 120 140 160 18
Time(min)
Fig: 5.2: Moisture % (w.b) during osmo-convective drying and

convective drying for carrot

5.1.2 Drying rate curve for convective and osmo-convective drying

The weight of green mango slices was determined after a subsequent time
interval. The drying rate at different time was evaluated by using water content,
amount of moisture removed and the drying rate equation. Here, the drying rate
curve was plotted against water content [Kg water/Kg DM] represented in Figure
5.5. From the drying rate curve, it can be justified that the green mango pieces were
dried in falling rate period. The constant rate period was unidentified for both the
convective and osmo-convective drying. Falling rate period drying implies that the
internal mass transfer was done by diffusion.

Similarly, the weight of carrot slices was evaluated after a regular time
interval. From the drying rate curve in Figure 5.6, it can be justified that the carrot
pieces were dried in falling rate period. Again, the constant rate period was
unidentified for both the convective and osmo-convective drying of carrots.
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Moreover, falling rate period drying implies that the internal mass transfer was done
by diffusion.

—&— Osmo-convective drying.  Green mango
—&— Convective drying

(O8]
1

[\
1

Drying rate(Kg water/Kg DM*h)

(e}
1

OTO ' OTS ' 170 ' lTS ' ZTO ' 2?5
Water content [Kg water/Kg DM|

Fig: 5.3: Osmo-convective and convective drying rate curve for green mango
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Carrot —a— Convective drying
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1

B
1

[\
1

Drying rate(Kg water/Kg DM*h)

o
1

0 1 2 3 - 5 6 7
Water content |[Kg water/Kg DM|

Fig: 5.4. Osmo-convective and convective drying rate curve for carrot
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5.1.3 Drying curve for convective and osmo-convective drying

The drying curve of green mango for convective and osmo-convective drying
are presented in Figure 5.7. It shows the water content in the sample decrease with
increase in the initial time period and slow down after a certain time and lastly
approached almost constant. For convective drying the water content reached
almost constant of 0.08 Kg Water/Kg DM at 180min.On the other hand, in osmo-

convective drying the water content was 0.053 Kg Water/Kg DM in 110min.
— 3-5

Green mango

w
=]
e

g
N
1
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~—a— Convective drying

g
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=
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1 L 1

=
S
[

Water content |[Kg water/Kg DM
W

0 20 40 60 80 100 120 140 160 180
Time(min)

Fig: 5.5: Osmo-convective and convective drying curve for green mango

Again, the drying curve of carrot for convective and osmo-convective drying
are shown in Figure 5.8. It also displays the water content in the sample decrease
with increase in the initial time period. After a certain time, the moisture removal
was slow down and lastly approached almost constant. For convective drying the
water content reached almost constant of 0.166 Kg Water/Kg DM at 160min.
However, in osmo-convective drying the water content was 0.029 Kg Water/Kg
DM in 140min.
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Fig: 5.6: Osmo-convective and convective drying curve for carrot
5.2 NUTRITION VALUE ANALYSIS

In general, the retention of ascorbic acid is used to gauge the overall
nutritional quality of processed foods. Due to its high water solubility, sensitivity to
heat, and oxidation state, this nutrient is quite prone to degradation®!. The nutritional
value of osmo-convective dried mango and carrot were evaluated by measuring
different nutrient constituent viz. Fat, Crude Fiber, Protein, Carbohydrates and
energy. According to USAD the nutritional quality of fresh mango compared with the
osmo-convective dried products. It is represented in Table 5.1. It has been shown
that all the nutrients value of processed product remains almost unchanged or
increased. Therefore, it could be help to meet the normal vegetable diet. In fresh
mango, the value of Fat and Crude Fiber was found 0.4 and 0.94 g/100g. Whereas,
17.5% of Fat, 18.1% of Crude Fiber increased in osmo-convective dried mango.
Moreover, Protein and Carbohydrate content of processed mango was increased
by 2 and 4.1 times as compared to the fresh samples. Again, the energy content in
the samples after osmotically dehydrated samples was 260 Kcal/100g, which is
significantly more than the same quantity of fresh mango (0.6 Kcal/100g).
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Table 5.1: Nutritive value of fresh and osmo-convective dried mango

Osmo-
_ Fresh green ) )
Sl no. Nutrients convective Unit
mango _
dried mango
1. Fat 0.40 0.47 9/100g
2. Crude Fiber 0.94 1.11 g/100g
3. Protein 0.82 1.64 g/100g
4, Carbohydrates 15 62.3 g/100g
5. Energy 0.60 260 Kcal/100g

Table 5.2: Nutritive value of fresh and osmo-convective dried carrot

Osmo-
Sl no. Nutrients Fresh carrot convective Unit
dried Carrot

1. Fat 0.2 0.26 g/100g
2. Crude Fiber 1.2 1.94 9/100g
3. Protein 0.9 2.50 9/100g
4. Carbohydrates 10 59.9 g/100g
5. Energy 0.41 252 Kcal/100g

The composition of the carrot before and after osmo- convective dehydration
is listed in Table 5.2. The nutritional quantity of the processed carrots was also
increased than fresh carrots. It has been observed that the carrots after drying
contains 0.26 g/100 g of Fat and 1.94 g/100 g of Crude Fiber, which is 30 and 74 %
more than fresh carrots. Additionally, the processed samples had 2.78 and 5.99 %
increases in protein (2.50 g/100 g) and carbohydrates (59.9 g/100 g), respectively,
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compared to the fresh samples. The carrots in fresh condition had 0.41 kcal/ 100 g
energy. However, the energy in carrots after osmo-convective drying increased to
252 Kcal/100 g. This results for both mangoes and carrots cleared that osmo-

convective drying is a useful technique for preservation without altering the quality
of the nutrients.
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CHAPTER-6
CONCLUSION

Osmotic dehydration is a quick and efficient method for treating and
preserving mangoes and carrots for long-term storage. In this research work,
osmotic solution of salt and honey were used for green mangoes and carrots
respectively, followed by dried in a micro wave assisted convective dryer. The
quality and nutritional value of the food product were also evaluated by various
testing (Moisture, Fat, Crude Fiber, Protein, Carbohydrates and Energy) and
experimental results. Both the convective and osmo-convective data of green
mango and carrot from the experiment used to plot the moisture% curve, drying rate
curve, and drying curve. For mango, without osmotic dehydration the sample is dried
at 110 °C for 180min, whereas in osmo-convective drying it was only 110 min.
Again, for carrot, convective drying required 160 min and osmo-convective drying is
completed within 140 min. Therefore, osmo-convective drying enhances the cost
effectiveness by utilizing less energy than convective drying. Moreover, osmotically
dried significantly increased the nutritional quality of the fresh samples of green
mangoes and carrots. Overall the osmo-convective drying using salt and honey
solution is most suitable for commercial purpose to preserved mangoes and carrots
for off-season. Therefore, this method could be applied to other vegetables and

fruits for extending shelf life for the preservation.
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