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ABSTRACT The present study was undertaken to study solar dehydration and storage behaviors of fenugreek and
coriander leaves under different conditions. Dehydration of coriander and fenugreek leaves was carried out in three
different conditions namely, open sun drying, and drying in solar cooker in covered and uncovered condition. The
highest dehydration temperature of 52.57oC was attained when vegetables were dried in the uncovered condition in
solar cooker. On an average, a 19-20oC temperature was noted inside the solar cooker higher than that of
atmospheric temperature. In respect to evaporation rate per unit area, solar cooker dehydration method was
significantly efficient over the open sun drying. Organoleptic scores during storage indicated that selected vegetables
were acceptable till six months of storage period. The results concluded that black cloth covered condition of solar
cooker drying was the best method for coriander leaves and for fenugreek leaves, all the methods of dehydration
were at par.

INTRODUCTION

 The relevance of solar energy as a drying
practice of agriculture products has tremendous
potential as it can easily provide the low tem-
perature heating essential for drying. The dry-
ing practice using solar energy ranges from tra-
ditional open sun dryings to solar dryers. Open
sun drying is widely used in many countries.
However, open sun drying has many problems
such as contamination by dust, insect, infesta-
tion, microbial attack and the required drying
time for a given sample is somewhat large. The
drying rate is slow and the quality of dried prod-
ucts is poor (Ghosal 2011). Fruits, vegetables
and their products are dried to enhance storage
stability, minimize packaging requirements and
reduce transport weight. Nonetheless, in India,
hardly any portion of perishables are dried, which
leads to enormous loss in terms of money and
labor, besides the steep rise in the prices of com-
modities during the off season. An optimal dry-
ing system for the preservation of fruits and
vegetables should be cost-effective, have a
shorter drying time and cause minimum damage
to the product (Brackett 1987; Sagar and Suresh
Kumar 2010). Therefore, the study was under-
taken with the following specific objectives.

1. To study solar dehydration and storage
behaviors of fenugreek and coriander
leaves under different conditions during
summer and winter season.

2. To compare observations of various crite-
ria of dehydration of fenugreek and

coriander leaves with the solar cooker and
open drying.

MATERIAL  AND  METHODS

The present study was undertaken to inves-
tigate the potential of preservation of coriander
and fenugreek leaves by means of sun drying
and solar cooker drying, which can be useful in
urban as well as rural areas to store coriander
and fenugreek leaves for more time. Dehydra-
tion of coriander and fenugreek leaves was car-
ried out in three conditions that is, open sun
drying, and drying in solar cooker in covered
and uncovered conditions. For the covered con-
dition of dehydration in a solar cooker, a black
colored cotton cloth was used for the experi-
ment. A domestic type solar cooker recommend-
ed by MEDA (Maharashtra Energy Development
Association, Pune) was selected for the experi-
ment. All the solar cookers were similar in size
that is, 49 x 49 x 16.5 cm with one reflector con-
sisting of rectangular enclosures insulated at
the sides and bottom and two glass covers on
top. Solar radiation entered through the top and
heated up the enclosures in which coriander and
fenugreek leaves were placed for dehydration.

The selected vegetables used in the study
were procured from the local market of Parbhani
city. Coriander and fenugreek leaves were
washed with running tap water and drained for
10 minute and only leaves were plucked by hand.
Plucked coriander and fenugreek leaves, each
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150 gm. were evenly spread on stainless steel
trays. Trays were kept for dehydration in three
conditions that is, open sun drying, and in solar
cooker covered and uncovered conditions. The
dehydration was carried to reduce moisture con-
tent by up to eight to ten percent from initial
moisture content. The dehydrated coriander and
fenugreek leaves were packaged in LDPE pouch-
es (400 gauges) with the help of a sealing ma-
chine and stored in stainless steel and plastic
containers at an ambient temperature. The mois-
ture content of fresh coriander and fenugreek
leaves was determined by the standard oven
drying method (AOAC 1991). The temperature
of open drying was measured using a laborato-
ry thermometer and for solar cooker drying, a
dialed thermometer was used. The weight of
coriander and fenugreek leaves was measured
using a digital top pan balance. Final moisture
content was measured by using an infrared mois-
ture balance. Moisture evaporation percentage
was calculated using the difference in the initial
and final moisture content. Evaporation rate,
moisture removed per unit area and evaporation
rate per unit area were calculated using the fol-
lowing formula (Nawle 1992).

Evaporation rate  = TMR x 1 hr
         Dt

Where,
TMR

 = Total Moisture removed (gm)
Dt= Total drying time
Moisture removed TMR x 1 cm
per unit area   =

         Sa
Where,
TMR

 = Total Moisture removed (gm)
Sa = Total surface area used for drying (cm2)
Evaporation rate per  MR x 1
unit area      = (g/cm2/hr)

     Dt
Where,
MR

 = Moisture removed (g/ cm2)
Dt= Total drying time (hr)
The dehydrated coriander and fenugreek

leaves were stored for six months and the sen-
sory evaluation was done at the intervals of 2
months. Sensory evaluation of coriander and
fenugreek leaves was done in recipe form that is
in the form of wada and vegetable salad, re-
spectively. For the sensory evaluation panel, 10
semi-trained members from staff and students
of the department were selected and evaluated

for color, aroma, taste, texture and overall ac-
ceptability. A five-point scale was used for the
evaluation, where 5 represents highly acceptable
and 1 represents not acceptable (Patel 1994). The
samples were served to the similar panelists in
random order for evaluation after each interval of
two months. The data was evaluated statistically.

 RESULTS  AND  DISCUSSION

Observations of Dehydration of
Coriander Leaves and Shelf Life

Dehydration of coriander leaves was carried
out in a solar cooker and in direct sunlight during
the summer and winter season. Results indicated
that dehydration temperature attained in the solar
cooker was 42-52oC, which was 9-12oC higher than
the atmospheric temperature in both the seasons
of summer and winter (Table 1). There was no sig-
nificant difference found with respect to covered
and uncovered conditions of dehydration in the
winter season. Whereas, a significantly higher tem-
perature (52oC) was achieved in the summer sea-
son when dehydration was carried out in the un-
covered condition of solar cooker drying. Weight
of the coriander leaves after drying was the least in
case of the covered condition as compared to oth-
er two methods that is, uncovered condition in
solar cooker and open air-drying. Similarly, the fi-
nal moisture content of dehydrated coriander
leaves was least in case of the covered condition
in the solar cooker in summer (8.95%) and winter
(8.4%) season. The reason may be attributed to
the fact that moisture evaporation percentage was
found highest in case of the covered condition in
the solar cooker in the winter (73.80%) and summer
(72.35%) season.

The evaporation rate during dehydration of
coriander leaves was calculated in terms of mois-
ture loss per unit of time (g/hour). It was signif-
icantly higher in the solar cooker than open air-
drying in both the seasons. But there was no
significant difference between the covered and
uncovered condition of solar cooker drying. Sim-
ilarly, moisture removed per unit area (g/cm2) was
higher in the solar cooker than the open air-drying
condition. However, statistically the difference was
non-significant. Evaporation rate per unit area (g/
cm2/hour) was significantly higher in the solar cook-
er drying of coriander leaves in winter season. In
the summer season, though the values of evapo-
ration rate were higher for covered and uncovered
conditions of solar cooker drying, statistically, the
results were non-significant.
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Under constant drying conditions, evapora-
tion rate per unit area is always constant (when
surface moisture is removed). The whole drying
of coriander leaves took place in falling rate only
and there was no constant rate period in case of
solar cooker drying. Whereas constant rate pe-
riod was observed in case of open air-drying in
winter season. Variations in relative humidity and
evaporation rate during dehydration of corian-
der leaves were also observed. The relative hu-
midity and evaporation rate at the beginning of
drying were highest and it was indicated that
drying of coriander leaves took place in falling
rate. At the end of the drying period, the values
of relative humidity and evaporation rate were
minimum.

The observations of the dehydration of co-
riander leaves indicated that the moisture evap-
oration rate per unit of time and per unit of area
was highest in solar cooker drying in the cov-
ered condition during both the seasons. Results
obtained by Navale et al. (2014) also showed
that the drying time for cabinet solar drying was
found to be forty-three percent lesser than that
of open sun drying. The black cloth covered
condition for dehydration of coriander leaves in
the solar cooker is a more suitable condition than
the open air-drying. The organoleptic test re-
vealed that the covered condition in solar cook-
er drying was the best method of dehydration

for the retention of texture and aroma in the de-
hydrated coriander leaves. At the end of six
months of storage, all the samples of dehydrat-
ed coriander leaves were considered moderate-
ly undesirable for all sensory characteristics.
Statistically there was a highly significant effect
of duration of storage on the physical charac-
teristics of dehydrated coriander leaves.

Observations of Dehydration of Fenugreek
Leaves and Shelf Life

Observations of dehydration of fenugreek
leaves carried out in the solar cooker and direct
sunlight in two different seasons of summer and
winter indicated that the dehydration tempera-
ture attained in the solar cooker (44o-45oC) in the
winter season was 13o-15oC was higher than that
of the atmospheric temperature (31oC). Where-
as, in the summer season it was 19o-20oC higher
in the solar cooker (51o-52oC) than the atmo-
spheric temperature (33oC). Ghosal (2011) also
reported that the outlet temperatures in the dry-
er were found to be around 8-9oC higher than
that of the ambient air temperature.

There was no significant difference found in
dehydration temperatures in covered and un-
covered conditions of solar cooker drying.
Weight of the dehydrated sample of fenugreek
leaves did not differ significantly as per the con-

Table 1: Observations of various criteria of dehydration of coriander leaves in different conditions
during summer and winter season

Treat- Tempe Weight Moisture Final Evapora Moisture Evapo-
ments rature (Oc) after  evapora- moisture tion rate removed ration

drying (g)  tion (%) content (%) (g/hr) per unit rate per
area (g/cm2) unit area

(g/cm2/hr)

Winter
T 1 32.81 28.98 72.95 9.8 6.364 0.0805 0.007
T 2 45.36 28.71 73.8 8.95 15.487 0.082 0.0171
T 3 45.26 28.84 73.7 9.05 15.45 0.081 0.0171
F value 22.00** NS NS 20.44** 9.534* NS 9.471*

SE± 1.53 1.37 1.456 0.102 1.702 0.00154 0.00189
CD 5.31 4.75 5.031 0.354 5.881 0.00535 0.00654

Summer
T 1 42.95 29.21 71.5 9.25 11.071 0.0794 0.0122
T 2 51.6 28.86 72.35 8.4 21.112 0.0803 0.0234
T 3 52.57 29.16 71.8 8.95 20.952 0.0797 0.0232
F value 338.20** NS NS 10.79* 14.98** NS 15.003
SE± 0.287 0.0884 0.232 0.131 1.485 0.00032 0.00165
CD 0.993 0.305 0.802 0.453 5.133 0.00113 0.0057

T1 – Open air drying * Significant at 5% level of significance
T2 – Covered condition in solar cooker ** Significant at 1% level of significance
T3 – Uncovered condition in solar cooker NS – Non significant
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dition of drying in both the seasons. Whereas,
moisture evaporation percentage was similar in
all the three conditions of drying in the summer
and winter season (Table 2).

Final moisture content of dehydrated
fenugreek leaves was not significantly different
in open air-drying and solar cooker drying in the
winter season. But during the summer, it was
significantly higher in the covered condition in
the solar cooker because the dehydration tem-
perature observed in the covered condition in
the solar cooker was higher than that of the un-
covered condition.

Evaporation rate (g/hour) during dehydra-
tion of fenugreek leaves in solar cooker was sig-
nificantly higher than that of open air-drying in
both the seasons of summer and winter. A simi-
lar trend was found in case of moisture removed
per unit area (g/cm2) and evaporation rate per
unit area (g/cm2/hour). The drying rate of
fenugreek leaves under different drying condi-
tions showed a faster rate of drying in case of
the solar cooker than open air-drying. Open air-
drying necessarily had to be carried out over a
period of two days to achieve the final moisture
content. The whole drying process took place
at a falling rate only and there was no constant
rate period in case of solar cooker dehydration.
These observations are in line with those re-

ported by Pande et al. (2000). A comparative
study conducted by Singh et al. (1997) revealed
that green leafy vegetables did not have any
constant rate-drying period and the whole dry-
ing process took place in falling rate. The litera-
ture available supports the present study results
that the constant rate period was absent during
dehydration of fenugreek leaves. Data illustrat-
ed that relative humidity had no significant in-
fluence on evaporation rate. This was due to the
intense heat and limited air circulation inside the
solar cooker. From the above results, it can be
said that at the end of the experiment, the dehy-
drated samples of fenugreek leaves were almost
similar in terms of final weight and moisture con-
tent under all the selected conditions. Whereas
in terms of the evaporation rate, moisture re-
moved per unit area and evaporation rate per
unit area, the solar cooker drying was a superior
method for drying fenugreek leaves than open
air-drying. There was not much difference found
in covered and uncovered conditions of solar
cooker drying.

Sensory evaluation indicated that the color
of fenugreek leaves in case of solar cooker de-
hydration in the uncovered condition was not
acceptable and the texture of the dehydrated
fenugreek leaves in case of open air-drying and
covered condition in solar cooker drying was

Table 2:  Observations of various criteria of dehydration of fenugreek leaves in different conditions
during summer and  winter season

Treat- Tempe Weight Moisture Final Evapora Moisture Evapo-
ments rature (Oc) after  evapora- moisture tion rate removed ration

drying (g)  tion (%) content (%) (g/hr) per unit rate per
area (g/cm2) unit area

(g/cm2/hr)

Winter
T 1 31.175 29.41 76.55 9.5 6.378 0.0849 0.0072
T 2 45.76 28.43 77.05 9 10.318 0.0835 0.0132
T 3 44.73 28.66 76.55 9.5 11.857 0.085 0.0131
F value 5.62* NS NS NS 8.32* NS 39.74**

SE± 3.43 1.119 0.534 0.408 0.979 6.158 0.00056
CD 11.85 3.868 1.84 1.41 3.385 0.00212 0.00195

Summer
T 1 33.071 28.045 76.6 9 11.844 0.0845 0.0131
T 2 51.1 28.66 75.6 10 18.9 0.0835 0.0205
T 3 52.155 30.165 76.5 9.1 15.3 0.0845 0.0169
F value 58.56** NS NS 273.00** 160.43** NS 109.41**

SE± 1.401 1.015 3.28 0.0333 0.278 0.00028 0.00035
CD 4.843 3.507 1.134 0.115 0.962 0.0004 0.00122

T1 – Open air drying * Significant at 5% level of significance
T2 – Covered condition in solar cooker ** Significant at 1% level of significance
T3 – Uncovered condition in solar cooker NS – Non significant
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less acceptable. Hence, it can be concluded that
the method of dehydration and duration of stor-
age had significant effects on the acceptability
of physical characteristics of dehydrated
fenugreek leaves. Further, it can be stated that
at the end of six months of storage, all sensory
characteristics scores were at par as all the de-
hydrated methods. Hence, no selected dehydra-
tion method is recommended for the dehydra-
tion of fenugreek leaves.

CONCLUSION

It can be concluded that the black cloth cov-
ered condition of solar cooker drying was the
best method for coriander leaves and all the
methods of dehydration were at par for fenugreek
leaves.

RECOMMENDATIONS

It is recommended that dehydration of green
leafy vegetables in the solar cooker is feasible
and these vegetables can be stored for six
months.

REFERENCES

AOAC 1991. Author Association of Official Analytical
Chemists. Washington DC: AOAC.

Brackett RE 1987. Microbial consequence of minimal-
ly processed fruits and vegetables.  J Food Quality,
10: 195-206.

Ghosal MK 2011. Fabrication and performance study
of a photovoltaic integrated solar dryer. Interna-
tional J Agricultural Engineering, 4: 74 -77.

Navale SR, Upasni S, Harpale VM, Mohite KC 2014.
Effect of solar drying on the nutritive value of
fenugreek leaves. International J Engineering and
Advanced Technology (IJEAT), 4: 133 .

Nawale EM 1992.  Solar Energy Utilization for Khoa
Production. MSc Thesis, Unpublished. Parbhani:
Marathwada Agriculture University.

 Patel SP 1994. Feasibility of Solar Cooker for Dehy-
dration of Selected Vegetables. MSc Thesis, Unpub-
lished. Parbhani: Marathwada Agriculture Universi-
ty.

Pande VK, Sonune AV, Philip SK 2000. Solar drying of
coriander and methi leaves. J Food Sci Technol, 37:
592-595.

Sagar VR, Suresh Kumar P 2010. Recent advances in
drying and dehydration and vegetables: A review. J
Food Sci Technol, 47: 15–26.

Singh  H, Bawa AS, Ahmed J 1997. Dehydration char-
acteristics of some green leafy vegetables. Indian
Food Packer, 51: 7-8.

Paper received for publication on May 2013
Paper accepted for publication on November 2016


