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ABSTRACT
Effort were made to determine the effect of drying time on drying rate, during fluidized bed
drying (FBD) of beetroot. Three set of temperature was taken for the research viz. 60 oC, 67.5
o
C and 75oC along with the air velocity likewise 9 m/s, 10.5 m/s and 12 m/s. It was observed
that the beetroot samples obtained from the FBD system had lower final moisture content.
Thus for a particular temperature, the initial drying rate after 5 min drying was higher for
higher air velocities and at a particular air velocity, the initial drying rate after 5 min drying
was also higher for higher air temperature.
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Drying is the oldest method of preserving food. Compared with other methods, drying is
quite simple. Dried foods keep well because the moisture content is so low that spoilage
organisms cannot grow. Drying will never replace canning and freezing because these
methods do a better job of retaining the taste, appearance, and nutritive value of fresh food.
But drying is an excellent way to preserve foods that can add variety to meals and provide
delicious & nutritious food. One of the biggest advantages of dried foods is that they take
much less storage space than canned or frozen foods. Although solar drying is a popular and
very inexpensive method. Dependable solar dehydration of foods requires 3 to 5 consecutive
days when the temperature is 95 ºF (35 ºC) and the humidity is very low hence solar drying is
thus not feasible (www.aces.uiuc.edu).
The fluidized bed drying technique holds an important position among modern drying
methods. It is widely used mainly for granular materials and also applicable in the drying of
solution, pastes and liquids sprayed on the fluidized inert bed the principle of operation of the
fluidized bed dryer is to provide sufficient air pressure to fluidize a thin bed of grain/product,
giving excellent air/grain contact. Above a certain pressure, related to the weight per unit area
of the grain bed, the pressure drop across the bed becomes constant, with volume flow rate,
so that the fast drying can occur.
In, fluidized bed drying process, the drying completed mostly in falling rate period that can
be subdivided into unsaturated surface drying region and internal movement of moisturecontrol region (Kumar and Khan, 2015).
Fluidized bed drying has been recognized as a smooth, uniform drying method, capable of
drying down to very low residual moisture content with a high degree of efficiency (Borgolte
and Simon, 1981). This process is characterized by high moisture and heat transfer rates and
excellent thermal control capacity compared with conventional drying processes (Vanecek et
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INTRODUCTION

al., 1966; Hovmand, 1987). It is also a very convenient method for drying heat sensitive food
materials as it prevents them from overheating due to mixing (Gibert et al., 1980).
Beetroot (Beta vulgaris L.) is crop belonging to the Chenopodiaceae family having, bright
crimson colour. It is famous for its juice value and medicinal properties; and known by
several common names like beet, chard, spinach beet. sea beet. garden beet, white beet and
Chukander (in Hindi). Beetroot gives the best value from June to November, and for storing,
the beetroot leaves should be cut 50 mm above the root. They will keep for 4-5 days when
refrigerated in the vegetable crisper (Yashwant, 2015).
MATERIALS AND METHODS
Raw materials
Good quality fresh beetroot of sanguina variety was procured from the local market of
Aligarh, Uttar Pradesh, India. The damaged, immature and dried fruits were removed
manually by visual inspection while beetroot of uniform size free from pest and disease was
taken for experiment.
Experimental plan
After cleaning of beetroot, it was washed, peeled and sliced. Then FBD system was used for
drying of beetroots (mentioned in Fig. 1). The entire experimental studies were conducted in
the laboratories of the Department of Post Harvest and Technology, A.M.U. Aligarh where
well-established facilities are available.
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Drying
The experiment for the samples (size 500 g) was carried out until constant weight is achieved
using inlet hot air temperature 60 ºC, 67.50 ºC and 75 ºC at air velocity 9, 10.50 and 12 m/s
for each temperature. The sample weighed after each 5 min interval for determining the
moisture content. Drying time was observed, 80-105 min depending upon the inlet air
temperature and air velocity. Beetroot dried in fluidized bed dryer is shown in Fig. 2.

Fig. 1: Fluidized bed drying system (in working condition)
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Drying rate analysis
Drying rate was calculated using following equation as suggested by Jain and Singh (1997) –
D.R. = Wt-Wt+Dt
Dt x Wd
Where, D.R. = Average drying rate, g of average water
removed/min/g of dry matter
Wt
= Weight of sample at time t, g
Wt+Dt = Weight of sample at any time t+Dt, g
Dt
= Time interval, min
Wd
= Weight of bone dry material, g

Fig. 2: Fluidized bed dried beetroots (Kumar, 2010)
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The effect of drying rates of samples under fluidized bed drying are shown in Fig. 3 to 5
which indicate that the drying rate decreased with the increase in drying time. After some
period, drying rate decreased rapidly with the increase in drying time and then decreased
gradually and attained zero drying rates. The drying rate at all the air temperatures and air
velocities combination for all the samples at 5 minutes interval. The moisture content of
beetroots was relatively higher during the initial phase of drying, which resulted in higher
absorption of heat and led to an increased product temperature and higher drying rate due to
higher moisture diffusion. As the drying of beetroots sample progressed, the loss of moisture
in the product decreased the absorption of heat and resulted in fall of drying rate during later
part of the drying.
At 60 °C air temperature and air velocity of 9 m/s, the drying rate of beetroots was 0.238
g/min/g of dry matter at the end of first 5 minutes drying while at the same temperature when
air velocities were 10.50 m/s and 12 m/s, the drying rates were 0.300 and 0.306 g/min/g of
dry matter respectively at the end of first 5 minutes drying. At 60 °C air temperature and air
velocity of 9 m/s the drying rate of beetroots was decreased rapidly up to 40-45 min drying
time and then decreased gradually and attained zero drying rates at the end of 105 min drying
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but at the same temperature when air velocities were 10.50 m/s and 12 m/s the samples
attained zero drying rates at the end of 95 min in both air velocities.
At 67.50 °C air temperature and air velocity of 9 m/s, the drying rate of beetroots was 0.306 g
/ min / g. of dry matter at the end of first 5 min drying but at the same temperature when air
velocities were 10.50 m/s and 12 m/s the drying rates were respectively 0.300 and 0.274 g /
min / g of dry matter at the end of first 5 min drying. At 67.50 °C air temperature and air
velocity of 9 m/s the drying rate of beetroots was decreased rapidly up to 35 - 40 min drying
time and then decreased gradually and attained zero drying rates at the end of 95 min drying
but at the same temperature when air velocities were 10.50 m/s and 12 m/s the samples
attained zero drying rates at the end of 95 min in both air velocities (up to lower moisture
level).
At 75 °C air temperature and air velocity of 9 m/s, the drying rate of beetroots was 0.344
g/min/g of dry matter at the end of first 5 min drying and at the same temperature when air
velocities were 10.50 m/s and 12 m/s the drying rate values were respectively 0.334 and
0.280 g / min / g of dry matter at the end of first 5 min drying. At 75 °C air temperature and
air velocity of 9 m/s the drying rate of beetroots was decreased rapidly up to 40-45 min
drying time and then decreased gradually and attained zero drying rates at the end of 80 min
drying but at the same temperature when air velocities were 10.50 m/s and 12 m/s the
samples attained zero drying rates at the end of 80 min in both samples (up to lower moisture
level). Similar fashion was observed by Kumar et al. (2012).
Thus for a particular temperature, the initial drying rate after 5 min drying was higher for
higher air velocities and at a particular air velocity, the initial drying rate after 5 min drying
was also higher for higher air temperature. Drying rate vs Drying time
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Fig. 3: Effect of air velocity on drying rate of beetroots during drying at inlet
air temperature 60 ºC during FBD
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Fig. 4: Effect of air velocity on drying rate of beetroots during drying at inlet
air temperature 67.50 ºC during FBD
Drying rate vs Drying time
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Fig. 5: Effect of air velocity on drying rate of beetroots during drying at inlet
air temperature 75 ºC during FBD

In the present preliminary study, beetroot has been dried by fluidized bed dryer. The samples
dried in fluidized bed drying is faster in the combination of high temperature (75oC) and high
air velocity (12 m/s) as compare to set of low temperature (60 oC) and low air velocity
(9m/s). In fluidized bed dryer, moisture is lost in good extent as well as higher drying rate
with lower final moisture content, as per the results obtained. Thus, it can be seen that
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For the same temperature, if air velocity will increase then drying rate will increase as per
Kumar et al. (2014). In that case faster drying rate will reduce the drying time.

fluidized bed dryer is a very feasible drying technique for increasing the shelf life of fruits
and vegetables especially for the commercial purpose as compare to conventional drying
system like tray dryer.
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