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ABSTRACT
Study was conducted for selecting suitable osmotic treatment of beet root slices in a salt solution of

different concentrations followed by suitable drying methods such as tray drying, solar cabinet drying and sun
drying. Beetroot slices were dipped in osmotic solution, in a solution to sample ratio of 15:1 & 10:1 at 15% and 10%
concentrations respectively for dehydration period of 90 min at a temperature of 60oC in a hot air bath. The water
loss & weight reduction of osmotically treated beet root slices were increased with increase in concentration and
solute gain was decreased with increase in concentration. The quality of osmotic dehydrated beet root slices was
best at 15% salt concentration dried in tray dryer.
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Beta vulgaris, commonly known as
beetroot or beet which is the common American
English term for the vegetable is a flowering plant
species in the family Chenopodiaceae. Beta
vulgaris roots containing significant amounts of
vitamin C, while the leaves excellent source of
vitamin A. It is among the sweetest of vegetables,
containing more sugar even than carrots or sweet
corn (Pratibha singh et.al 2008). The content of
sugar in beetroot is not more than 10%.

Fresh beetroot is highly perishable which
needs preservation methods to increase its shelf-
life. One of the preservation methods ensuring
microbial safety of biological products is
drying but certain problems such as the
considerable shrinkage caused by cell collapse
following the loss of water, the poor re-hydration
characteristics of dried product and unfavourable
changes in colour, texture, flavor and nutritive value
may occur. Osmotic dehydration is one of the most
useful pre-treatments for drying of fruits and
vegetables

Osmotic dehydration is the process of
partial removal of water from the cellular materials
when placed in the concentrated solution of soluble
solute. Osmotic dehydration, which is effective
even at ambient temperature and saves the color,
flavor and texture of food from heat and is used
as a pre-treatment to improve the nutritional,
sensorial and functional properties of food (Sagar

2009). Sugar, glucose, fructose, corn syrup and
sodium chloride are the common osmotic agents.
The main process variables, such as concentration
and composition of osmotic solution, temperature,
immersion time, agitation, nature of food and its
geometry and solution to sample ratio are influence
on the mass transfer mechanism.

For achieving high yield of final product,
the kinetics of solid gain is more important than that
of water loss. Kinetics of water loss in osmotic
dehydration has been extensively studied for many
fruits, including blueberries (dermesonlouoglou et
al., 2005; Sodhi and Komal 2006). The quality traits
and nutritional value of osmo dried fruits and
vegetables can be modified depending on the
parameters of the dehydration process and osmotic
agent used (Mandala et al., 2005; Chiralt and Talens,
2005 ).  Hence the present study was carried out
to analyse the effect of solute concentration on
water loss, solute gain, weight reduction of beetroot
slices and also a suitable drying methods for
improving the quality of beetroot slices.

MATERIAL AND METHODS
Raw material:

Fresh beetroots of local variety were
procured from local market, Bapatla with an initial
moisture content of 89% (w.b.) were procured from
local market. Healthy and defects free beetroots
were sorted and selected for conducting experiment.



Osmotic agent:
Salt was used as osmotic agent and was

procured from local market to prepare osmotic
solution of 10% and 15% concentrations on the basis
of (%w/v).

Preparation of osmotic agent:
Osmotic solution was prepared by

dissolving calculated amount of salt in distilled water
so as to obtain required concentration at 60oC
temperature in hot water bath.

Preparation of sample for osmotic dehydration:
Procured beetroots were thoroughly

washed with water to remove dust and dirt particles
adhering to the surface. After washing, beetroots
were peeled by scraping with a sharp steel peeler
by manually and washed again to remove the
scrapped material on beetroots. The peeled
beetroots were cut into 3 mm thickness and 2-3
cm diameter slices manually by using sharp
stainless steel knife.

Experimental procedure for osmotic
dehydration:

Beetroot slices were dipped in osmotic
solution at 10% and 15% concentrations in a period
of 90 min at a temperature of 60°C in the hot water
bath. The constant temperature   60oC was
maintained during the process. After 90 min time,
samples were taken out from the solution and wiped
with tissue paper to remove traces of osmotic
solution adhering to beetroot slices and then dried
in different methods such as tray drying, solar
cabinet drying and sun drying.

Tray drying
Osmotically treated beetroot samples were

weighed by electrical balance. The beetroot
samples were spread in the form of thin layer (3mm
thickness) on aluminum trays. These aluminum
trays were put in air cross flow cabinet dryer at a
temperature of 60oC and time 8 h. The air velocity
in the cabinet dryer is 0.3 m/s to 2.3 m/s.

Solar cabinet drying:
             Solar cabinet dryer consists of an
enclosure with transparent cover and perforated
trays. The osmotically treated beetroot slices were

spread in the form of thin layer (3 mm thickness)
on perforated trays inside the dryer. Solar radiation
entering the enclosure is absorbed in the product
itself and the surrounding internal surfaces of the
enclosure. As a result, moisture is removed from
the product and the air inside is heated. Drying in
solar cabinet dryer was continued until the beetroot
slices were dried to approximately below 10% of
moisture content.

Sun drying
           About 500 g of osmotically treated beetroot
slices were taken and are spread uniformly with a
bed thickness of 3mm on a rectangular black color
polythene sheet. Then the samples were placed in
open sun for drying from 8.00 am to 5.00 pm during
April, 2011. During drying, the slices were frequently
stirred manually. Reduction in weight due to
moisture loss was recorded at every one-hour
interval during drying. The drying was continued
until there is no significant variation in the moisture
loss.

Determination of moisture content (w.b.):
The moisture content was determined and

expressed in wet basis by using the following
equation.
  Moisture content (% w.b.) =
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Water loss (%):
Water loss was determined by the following
equation (Hawkes and Flink., 1978).
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Solute gain (%):
Solute gain was determined by the following

equation (Hawkes and Flink., 1978).
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Table 1. Water loss, Solute gain and Weight reduction at different concentrations.

Salt
Concentration (%w/v)

10
15

Time (min.)

90
90

Temperature (oC)

60
60

Water loss(%)

17.56
25.06

Solute
gain(%)

4.14
3.81

Weight reduction
(%)

13.42
21.25

Fig.1. Variation of moisture content against drying time in different drying methods at 10% salt
         concentration.

Fig.2 Variation of moisture content against drying time in different drying methods at 15% salt concentration.

Fig.3 Sensory evaluation of osmotic dehydrated beetroot slices at 10% salt concentration.
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Weight reduction (%):
            Weight reduction was determine by the
following formula (Hawkes and Flink., 1978)
Weight reduction   =   Water loss,% – Solute
gain, %

Sensory evaluation of osmotic dehydrated
beetroots:
          The osmotic dehydrated beetroot slices were
tested for acceptability by sensory evaluation. The
sensory quality was evaluated by a panel of 10
members, trained to score the quality attributes of
beetroots slices. Samples were scored for overall
visual quality using a hedonic scale. The Hedonic
scale used for the testing of various quality
parameters like color, taste, flavor, appearance and
overall acceptability is taken as below (Joshi,
2006).

RESULTS AND DISCUSSION
Effect of osmotic concentration on water loss,
solute gain and weight reduction:
Water loss:

The water loss was increased from 17.56
to 25.06% with increase in concentration from 10
to 15 % (%w/v) at 60ºC, at 90 min process duration
as shown in Table 1, due to decrease in moisture
contents and weights of beetroot slices after the
osmosis.

Solute gain:
The solute gain was decreased with

increase in osmotic solution concentration might be
due to lower viscosity of more concentrated salt
solution. The solute gain was decreased from 4.14
to 3.81 % with increase in concentration from 10
to 15% (%w/v) at 60ºC, at 90 min process duration
as shown in Table 1.

Weight reduction:
The weight reduction was increased with

increase in osmotic solution concentration might be
due to the water activity of the osmotic solution
which decreases with the increase in solute
concentration in the osmotic solution. The weight
reduction was increased from 13.42 to 21.25 %
with increase in concentration from 10 to 15% (%w/
v) at 60ºC, at 90 min process duration as shown in
Table 1.

Effect of drying methods on moisture content
of beetroot slices at 10% concentration:

It was observed that the moisture content
of osmotic dehydrated beetroot slices samples
decreases with increase in drying time in all drying
methods. The moisture content of osmotically
dehydrated beetroot slices samples was decreased
from 81.35 to 11 %, 81.35 to 17.37% and 81.35 to
19.04% in tray drying, solar cabinet drying and sun
drying in total drying period of 8, 10, 16 h
respectively as shown in Fig.1. This shows that the
reduction in moisture content was more in tray
drying in a drying period of 8 h.

Fig.4 Sensory evaluation of osmotic dehydrated beetroot slices at 15% salt concentration.
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Effect of drying methods on moisture content
of beetroot slices at 15% concentration:

It was observed that the moisture content
of osmotic dehydrated beetroot slices samples
decreases with increase in drying time in all drying
methods. The moisture content of osmotically
dehydrated beetroot slices samples was decreased
from 76.03 to 10.65%, 76.03 to 16.25% and 76.03
to 18.25% in tray drying, solar cabinet drying and
sun drying in total drying period of 6, 8, 16 h
respectively as shown in Fig.2. This shows that the
reduction in moisture content was more in tray
drying in a drying period of 6 h.

Sensory evaluation of osmotic dehydrated
beetroot slices at 10% concentration:
            A sensory evaluation method adopted for
the analysis of acceptability of the osmotic
dehydrated beetroot slices with the help of a hedonic
scale and the results suggested that the overall
acceptability is better when beetroot slices were
dried in tray dryer. The color (7.8), taste (8), flavour
(7.6), appearance (7.4) and overall acceptability
(7.7)  was observed a high rating in tray drying
followed by solar cabinet drying and sun drying as
shown in Fig.3. This shows that the quality of
osmotic dehydrated beetroot slices was better in
tray drying compared to solar cabinet drying and
sun drying

Sensory evaluation of osmotic dehydrated
beetroot slices at 15% salt Concentration:

The color (8.0), taste (8.2), flavour (8.0),
appearance (8.3) and overall acceptability (8.4)  is
observed a high rating in tray drying followed by
solar cabinet drying and  as shown in Fig.4. This
shows that the quality of osmotic dehydrated
beetroot slices was better in tray drying compared
to solar cabinet drying and sun drying.

CONCLUSIONS
The optimum concentration for osmotic

dehydration of beetroot slices were 15% (% w/v)
among 10% and 15% concentrations. The water
loss was increased from 17.56 to 25.06 % with
increase in concentration from 10 to 15 % (%w/v)
at 60ºC, at 90 min process duration. The solute gain

was decreased from 4.14 to 3.81 % with increase
in concentration from 10 to 15% (%w/v) at 60ºC,
at 90 min process duration. The colour, taste,
flavour, appearance and overall acceptability  is
observed a high rating in tray drying followed by
solar cabinet drying and sun drying. Finally, it can
be concluded that the quality of osmotic dehydrated
beetroot slices was best at 15% salt concentration
dried in tray dryer.
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