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Abstract

The bottle gourd is a common vegetable in India subcontinental. Osmotic dehydration increases the
storage ability of fruits and vegetables making them available throughout the year. Dehydrated products
also play a great role in processed foods of all kinds and the way to achieve high quality dehydrated
products are desired. The combination of osmosis with solar drying has been put forward, mainly for
tropical fruit. A 24-hour cycle has been suggested combining osmodehydration, performed during the
night, solar drying during the day. The well washed bottle gourd fruits were then peeled off with help of
stainless-steel hand peeler. Pieces of bottle gourd cubes (1cmxlcmxlcm) were then cut out using a ruler
and knife. The salt solution with 5, 10, 15, 20, and 25% (w/w) concentration were prepared. Bottle gourd
cubes were immersed in the osmotic reagents with a fruit to osmotic solution mass ratio of 10:1, 20:1 and
30:1 soaking experiments were conducted at 40°C, 50°C and 60°C in a 500 mi capacity water bath. The
osmotic dehydration was done for a period of 1, 3, 5, 7 and 9 h and replicated thrice. The dependent
variable studied was moisture content after dehydration. Moisture content of sample was determined by
standard air oven method (Ranganna, 1995). The minimum moisture content was 46.9% (wb) for
samples osmotically dehydrated at 60°C for 9 h at 30:1 fruit to osmotic solution at 25% concentration.
The moisture content of bottle gourd cubes observed decreases with higher concentration, temperature
and mass ratio. Solar drying characteristics of 9 h bottle gourd cubes at 60°C are determined by solar tray
dryer. During the process of solar drying of 9 h bottle gourds cubes, the air temperature inside the cabinet
varies 44 to 81°C. and relative humidity inside the chamber was measures 34 to 58 percent. The
minimum value of final moisture content of osmo-solar dried bottle gourd cubes was 8.3% at 60°C for
sample of 10:1 mass ratio and maximum value of final moisture content was 24.4% of at 60°C for 30:1
sample.

Keywords: Legeneria Siceraria, osmotic dehydration, osmo-solar drying

1. Introduction

In India cultivated area of bottle gourd is 149000 ha with a production of 2458000 metric ton
in 2015-16 (Horticultural statistics at a glance 2017) I, Its centre of origin has been located as
the coastal area of Malabar (North Kerala and humid Forest of Deharadun). The fossil records
indicate its culture in India even before 2000 BC. It is yellowish green, having the shape of
bottle. It has white pulp, with white seeds embedded in spongy flesh. They were fairly reach in
Ca, Fe and P (Herwig, 2004) I"1, The nutritional value of the kernels was equal or better the that
of cashew nut and almond kernels. Bottle gourd mostly cultivated Bihar, Uttar Pradesh,
Haryana, Madhya Pradesh, Chhattisgarh. In Chhattisgarh bottle gourd cultivated in 12890 ha
with production of 235890 MT in year 2015-16 (Horticultural statistics at a glance 2017) [,
Osmotic dehydration brings about substantial reduction in weight and volume, minimizing
packing, storage and transportation costs and enables storability of the product under ambient
temperatures, Dehydration increases the storage ability of fruits and vegetables making them
available throughout the year. The effects of osmotic dehydration as pre-treatment are mainly
related to the improvement of some nutritional, organoleptic and functional properties of the
product. As osmotic dehydration is effective at ambient temperature, heat damage to colour
and flavor is minimized.

Mechanical drying of agricultural products is an energy consuming operation in the post
harvesting technology. Greater emphasis is given to using solar energy sources in this process
due to the high prices and shortages of fossil fuels. For these purposes, a solar air heater. This
system can be used for drying various agricultural products like fruits and vegetables.
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The long period of sunshine and the use of solar power for
drying seems to be the best solution. This method also
maintains the best appearance of the fruits and vegetables.
The combination of osmosis with solar drying has been put
forward, mainly for tropical fruit. A 24-hour cycle has been
suggested combining osmodehydration, performed during the
night, solar drying during the day. Two-three-fold increase in
the throughput of typical solar dryer is feasible, while
enhancing the nutritional and organoleptic quality of the
fruits.
Keeping this in the mind the present study has been conducted
with the following objectives:
1. To study the moisture content characteristics of osmotic
dehydrated bottle gourd cubes.
2. To study the solar drying characteristics of 9 h
osmotically dehydrated samples of bottle gourd cubes at
60°C.

2. Materials and methods

The experiment work was carried out in the Department of
Agricultural Processing and Food Engineering, Indira Gandhi
Agricultural University, Raipur (C.G.).

2.1 Experimental plan
To meet the proposed research objectives, research outlines in
fig. 2.1 was followed in our experimental drying process.

Bottle gourd fruits

Cleaning and washing
(tap water)

Peeling

a

Preparation of 1 cm cubes

!

Osmotic dehydration (brine solution as osmotic agent)

!

Osmotically dehydrated product

!

Solar drying

Fig 2.1: Process Flow-chart for the experiment

2.2 Experimental set up for
dehydration experiments
Preliminary soaking experiments were conducted at 40, 50
and 60°C. The experimental set up consisted of glass beakers
of 500 ml capacity, a water bath of heating capacity 110°C
having temperature control arrangement (+2°C) and mercury

in glass thermometer (10 to 200°C).

preliminary osmotic

2.3 Experimental Procedure

Osmotic dehydration was carried out with commercially
available table salt (98% of minimum purity in sodium
chloride) as osmotic agent. Five concentration levels of salt
solution were used in this study to compare the effect of
concentration of osmotic agent on osmotic dehydration. The
salt solution with 5, 10, 15, 20, and 25% (w/w) concentration
were prepared and bottle gourd cubes were immersed in the
osmotic reagents with a fruit to osmotic solution mass ratio of
10;1, 20:1 and 30:1. The temperature of osmotic solution
were 40, 50 and 60°C. The osmotic dehydration done for a
period of 1, 3, 5, 7 and 9 h and repeated thrice. Afterwards
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samples were rinsed and wiped with tissues.

2.4 Variables and their ranges

The independent variables are type of osmotic solution salt,

initial moisture content, soaking temperature and soaking

time, mass ratio and concentration of osmotic agent.

e Type of Osmotic solution: Common salt (98% of min.
purity in Nacl)

e  Concentration of Osmatic agent: 5, 10, 15, 20, 25%(w/w)

e Time of osmotic dehydration: 1, 3,5, 7and 9 h

e Mass ratio (sample to osmotic solution): 1:10, 1:20 and
1:30.

e Temperature of osmotic solution: 40, 50 and 60°C.

The dependent variables studies were,
(a) Moisture content after dehydration

2.5 Measurement of dependent variables

2.5.1 Moisture content determination

Moisture content of the sample was determined by standard
air oven method (Ranganna 1995) '3, Test sample of 100g
was kept for 24 h in a hot air electric oven maintained at
105°C. After 24 h, sample was drawn from the oven and
placed in a desiccator for cooling. After cooling the weight of
the sample was taken precisely. The loss was determined and
moisture content was calculated using the following
expression:

W
M.C.,% (wb) =- x100
Wd + Wm

Where,

M.C. = Moisture content, %
W, = Weight of moisture,
Wq = Weight of dry matter.

2.6 Solar drying of bottle gourd cubes

In the present study, an attempt was made to analyses the
drying characteristics of the bottle gourd cubes using solar
tray dryer. A multi rack solar tray dryer was fabricated at
faculty of Agricultural Engineering, IGAU Raipur (C.G.) used
for drying of bottle gourd cubes. it consisted of a transparent
glass to transmit the solar radiations and three trays for
loading the produce. The cabinet of the dryer is made up of
Gl sheet with thermocol insulation fitted on the frame of iron
angle. The front portion fitted with glass is tilted at an angle
of 45°C to facilitate maximum exposure to the solar radiation.
The solar drying behavior of any biological material varies
with relative humidity (RH) of ambient air inside the dryer
cabinet, ambient air temperature and inside temperature of the
dryer, time of exposure to the sun light, size and shape of the
material, internal structure of biological material and
treatment of sample prior the drying.

The solar drying characteristics of bottle gourd cubes were
evaluated under the following parameters.

a. Inside temperature of dryer,

b. Relative humidity (RH)

c. Weight of sample at fixed intervals.

Moisture removal of bottle gourd cubes were recorded with
the help of precise digital electronic balance with least count
of 0.1 g. observation of temperature, RH and weight of
sample cubes were recorded on observation sheet.
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3. Results and Discussion

3.1 Osmotic dehydration experiment

Bottle gourd cubes of 1cm size were subjected to osmatic
dehydration using commercial salt for osmatic solution of
different concentrations. The range of independent variables
were finalized on the basis of earlier work (Sereno et al.,
2004) M and preliminary trials conducted. The ranges were
temperature 40, 50 and 60°C, osmotic dehydration time 1, 3,
5, 7 and 9 h, mass ratio of osmatic solution to the bottle gourd
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cubes (fruit cube): 30:1, 20:1 and 10:1 and concentration of
osmotic solution 5, 10, 15, 20 and 25%.

3.1.1 Moisture studies

The moisture content of bottle gourd cubes was calculated
during osmotic dehydration experiment each after 1, 3, 5, 7
and 9 h respectively. The values of moisture content are
presented in Table 3.1 through 3.3.

Table 3.1: Mean values of moisture content (%, wb) of osmotically dehydrated bottle gourd at 40 Degree Celsius

Mass ratio

10:1

20:1

30:1

Mean

Concentration (%)

Concentration (%)

Concentration (%)

Concentration (%)

10

15

20

25

5

10

15

20

25

5

10

15

20

25

10

15

20

25

96.3

96.3

96.3

96.3

96.3

96.3

96.3

96.3

96.3

96.3

96.3

96.3

96.3

96.3

96.3

96.3

96.3

96.3

96.3

96.3

93.4

91.6

85.4

80.1

75.2

93.4

90.2

85.7

80.2

74.8

93.0

84.1

82.3

73.4

67.4

93.3

88.6

84.5

77.9

72.5

92.2

88.3

82.8

713

62.8

914

85.9

82.4

71.9

62.8

91.9

82.8

89.2

72.1

62.6

91.8

85.7

84.8

71.8

62.7

91.6

85.3

79.1

75.3

56.4

90.8

84.2

775

75.0

58.2

914

82.5

78.9

67.2

57.3

91.3

84.0

78.5

725

57.3

90.6

82.3

75.2

59.6

53.2

90.1

82.2

73.8

65.1

51.7

90.8

82.2

78.1

64.8

52.6

90.5

82.2

75.7

63.2

52.5

89.6

80.7

73.2

56.2

53.7

88.8

80.1

72.9

62.5

52.8

84.6

80.3

77.8

65.2

51.7

87.7

80.4

74.6

61.3

52.7

Z|lo|N|lo|w|k|o

92.3

87.4

82.0

73.1

66.3

91.8

86.5

81.4

75.2

66.1

91.3

84.7

83.8

73.2

64.7

Table 3.2: Mean values of moisture content (%, wb) of osmotically dehydrated bottle gourd at 50 Degree Celsius

Mass ratio

10:1

20:1

30:1

Mean

Concentration (%)

Concentration (%)

Concentration (%)

Concentration (%)

10

15

20

25

5

10

15

20

25

5

10

15

20

25

10

15

20

25

96.0

96.0

96.0

96.0

96.0

96.0

96.0

96.0

96.0

96.0

96.0

96.0

96.0

96.0

96.0

96.0

96.0

96.0

96.0

96.0

92.2

88.8

85.1

80.5

75.6

92.6

88.1

85.3

79.2

75.5

92.1

83.7

81.6

73.8

65.9

92.3

86.9

84.0

77.8

72.3

90.6

86.6

81.8

72.2

62.1

91.6

86.3

81.9

72.0

61.8

91.3

81.2

78.4

71.2

60.5

91.2

84.7

80.7

71.8

61.5

90.6

845

77.3

66.3

58.3

90.3

84.3

78.2

63.3

67.4

92.3

815

75.2

78.2

65.6

91.1

83.4

76.9

69.3

63.8

89.6

82.2

74.3

59.2

51.9

88.6

82.4

73.8

59.1

51.7

88.0

81.7

72.8

65.1

51.2

88.7

82.1

73.6

61.1

51.6

88.6

80.5

72.1

55.8

52.3

89.3

80.4

73.1

56.5

51.2

84.3

80.2

72.3

60.6

49.3

87.4

80.4

72.5

57.6

50.9

Z|o|N|u|w|r|o

91.3

86.4

81.1

71.7

66.0

914

86.3

81.4

71.0

67.3

90.7

84.1

79.4

74.2

64.8

Table 3.3: Mean values of moisture content (%, wb) of osmotically dehydrated bottle gourd at 60 Degree Celsius

Mass ratio

10:1

20:1

30:1

Mean

Concentration (%)

Concentration (%)

Concentration (%)

Concentration (%)

5

10

15

20

25

5

10

15

20

25

5

10

15

20

25

10

15

20

25

95.6

95.6

95.6

95.6

95.6

95.6

95.6

95.6

95.6

95.6

95.6

95.6

95.6

95.6

95.6

95.6

95.6

95.6

95.6

95.6

92.2

88.5

85.6

82.1

68.3

91.3

87.5

84.8

76.8

67.7

89.0

82.3

70.8

70.4

68.9

90.8

86.1

80.4

76.4

68.3

914

87.3

81.9

71.2

54.9

90.1

86.4

81.2

71.9

60.9

89.2

80.0

76.3

69.0

60.9

90.2

84.6

79.8

70.7

58.9

89.3

84.2

78.3

66.3

53.8

88.6

84.2

76.6

74.4

56.4

88.5

80.4

744

63.7

55.2

88.8

82.9

76.4

68.1

55.1

87.5

82.2

73.9

56.8

51.7

86.5

81.9

74.2

59.1

50.8

88.1

80.2

72.3

59.3

53.2

87.4

814

73.5

58.4

51.9

89.1

81.3

71.9

54.6

50.1

86.8

79.8

72.2

55.0

49.9

82.1

78.2

69.1

514

46.9

86.0

79.8

71.1

53.7

49.0

Z|o|N|u|w|k|o

90.9

86.5

81.2

71.1

62.4

89.8

85.9

80.8

721

63.6

88.8

82.8

76.4

68.2

63.5

As can be observed that as the concentration of osmotic
solution increased the loss of moisture increased. The value of
moisture content at 60°C temperature were 89.1%, 86.8%,
82.1% (wb) at 5% concentration; 81.3%, 79.8%, 78.2% (wb)
at 10% concentration; 71.9%, 72.2%, 69.1% (wb) at 15%
concentration; 54.6%, 55.0%, 51.4%% (wb) at 20%
concentration; 50.1%, 49.9%, 46.9%% (wb) at 25%
concentration of the mass ratio of 10:1, 20:1 and 30:1
respectively after a period of 9 h of dehydration. The rate of
loss of moisture content also increased beyond 10%
concentration of osmotic solution. This was due to the fact
with the increase in salt concentration the osmotic pressure
difference increases which cause in the driving force.

The effect of dehydration time on loss of moisture indicates
that the as the time increases the loss of moisture increases.
This was true for all the combination of mass ratio and
temperature set. The values of moisture content at 25%

concentration of osmotic solution were 68.3%, 67.7%, 68.9%
after 1 h dehydration; 54.9%, 60.9%, 60.9% (wb) after 3 h;
53.8%, 56.4%, and 55.2% (wb) after 5 h; 51.7%, 50.8% and
53.2% (wb) after 7 h; 50.1%, 49.9% and 46.9% (wb) after 9 h
of dehydration for the mass ratio of 10:1, 20:1 and 30:1
respectively for the osmotic temperature of 60°C. Further, at
the initial stage of drying the rate of moisture migration
(removal) was higher as depicted from the figures which
gradually reduced as the drying time progressed. The highest
removal of moisture was in the initial stage of dehydration
i.e.,, upto 1 h of dehydration as compared to final stage of
dehydration i.e., from 3 to 9 h in the case of 60°C and similar
trend were followed for 50°C and 40°C. Similarly, while
comparing different osmotic temperatures for the same set of
mass ratio (30:1) the value of moisture content at 25%
concentration of osmotic solution were 46.9% (wb) 60°C;
49.3% at 50°C; 51.7% (wb) at 40°C which were dehydrated
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for 9 h. This suggested that at same concentration of osmotic
solution, higher temperature is responsible for higher removal
of moisture from the sample.

3.2 Solar drying characteristics of bottle gourd cubes

During the process of drying of (9 h) bottle gourd cubes, the
air temperature on black polythene sheet was observed to vary
from 39 to 55°C, and inside the cabinet it varies from 44 to
81°C, the relative humidity of the ambient air and inside the
chamber was measured to be 36 to 61%, and 34 to 58%,
respectively. Maximum inside temperature of dryer samples

http://www.chemijournal.com

of mass ratio of 10:1, 20:1 and 30:1 of 9 h was measured 81°C
at 2:30 pm, 81°C at 3:00 pm and, 81°C respectively. And the
maximum RH for bottle gourd samples of mass ratio 10:1,
20:1 and 30:1 of 9 h, inside the chamber was measured 62%,
61% and 61%, respectively. The RH increased initially for 2 h
of drying and after that it reduces with higher drying period.
The drying behavior of bottle gourd cubes of different mass
ratio (10:1,20:1 and 30:1) and different concentration (5%,
10%, 15%, 20% and 25%) at temperature of 60°C for solar
tray drying is presented in Fig. 3.1 as a plot of moisture
content versus drying time.

100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

m.C.

=il 5% CONC === 10% Conc

SRS S S S S S
\;»'-Q\;f-” FF P

Time

15% Conc === 2% Conc === 75% Conc

100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

m.C.

9.

—@—5% Conc =——@=10% Conc

Time

15% Conc =——@=—20% Conc =—@=—25% Conc

90.00
80.00
70.00
60.00

U 50.00

= 40.00
30.00
20.00
10.00

0.00

=—@=15% Conc =—@=10% Conc

w

x’”"“‘m f»”’o) o v;"

15% Conc =—@=20% Conc ==@=25% Conc

Fig 3.1: Solar drying of osmotically dehydrated samples of bottle gourd at 60°C. For mass ratio of 10:1, (b) for the mass ratio of 20:1 and (c) for
mass ratio of 30:1.

~953~


http://www.chemijournal.com/

International Journal of Chemical Studies

The ambient temperature was measured at an interval of 15
min. for first 2 hours, at 30 min. for next 2 hours and at hourly
for rest of drying period for all treatment. The effect of drying
time on moisture removal of sample were higher at initial
period of 2-3 h in all treatment and it lowers for high drying
time. Not much variation was observed in the drying behavior
of bottle gourd cubes however the final moisture content of
the samples was differed slightly. The final moisture content
of 10:1, 9 h samples were recorded 8.3%, 13.4%, 15.1%,
18.7% and 20.6% for 20:1, 9 h samples were recorded to be
8.7%, 8.6%, 14.2%, 19.3% and 21.5% and for 30:1, 9 h
samples 12.4%, 15.6%, 17.3%,20.4% and 24.4% recorded.
The minimum value of final moisture content of osmo-solar
dried bottle gourd cubes was 8.3% at 60°C for sample of 10:1
mass ratio and maximum value of final moisture content was
24.4% at 60°C for 30:1 sample.

4. Conclusion

Based on the result reported in previous chapter, following

conclusions were drawn

1. The maximum moisture content observed was 93.4%
(wb) for samples osmotically dehydrated at 40°C for 1 h
at 10:1 fruit to osmotic solution at 5% concentration. The
minimum moisture content was 46.9 % (wb) for samples
osmotically dehydrated at 60°C for 9 h at 30:1 fruit to
osmotic solution at 25% concentration.

2. During the process of solar drying of 9 h bottle gourds
cubes, the air temperature inside the cabinet varies 44 to
81°C. and relative humidity inside the chamber was
measures 34 to 58 percent.

3. The effect of drying time on moisture removal of sample
were higher at initial period of 2-3 h and it lowers for
high drying time. The RH increased initially for 2 h of
drying and after that it reduces with higher drying period.

4. The minimum value of final moisture content of osmo-
solar dried bottle gourd cubes was 8.3% at 60°C for
sample of 10:1 mass ratio and maximum value of final
moisture content was 24.4% of at 60°C for 30:1 sample.
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