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inside a greenhouse 

Abstract

The single layer drying of groundnut samples was investigated in a greenhouse under natural 
and forced convection modes. The groundnuts were dried to final moisture level to 8-10% 
(w.b.). Four mathematical models were compared to describe the groundnut drying process. The 
performance of single layer drying models was studied by comparing the statistical parameters 
such as root mean square error (RMSE), reduced chi square (χ2), coefficient of correlation (R), 
and mean bias error (MBE) between predicted and experimental moisture ratios. Lewis model 
was observed to give the uppermost value of ‘R’ (0.99072 – 0.99766) and lowermost values 
of ‘χ2’ (0.05833 – 0.08984), ‘RMSE’ (0.08310 – 0.11118) and ‘MBE’ (0.00806 – 0.01279) for 
groundnut drying inside a greenhouse under both the natural and forced convection modes. 
Therefore, Lewis model was observed to be best for describing the drying performance of 
groundnuts under natural (NCGHD) and forced (FCGHD) convection greenhouse modes.

Introduction

Groundnut/Peanut (Arachis hypogaea), is one 
of the most important oilseed crop in India (Misra 
et al., 2000; Sahdev et al., 2016). It is highly rich in 
protein (20-50%), fat (40-50%) and edible oil (43-
55%) (Sahdev et al., 2015). Its food value in terms of 
protein, carbohydrate, fat and calorific value is better 
than milk, egg, mutton, beef, red gram etc. (Talawar, 
2004; Sahdev et al., 2018a). It was originated in South 
America and then spread to Brazil and now is grown 
in all sub-tropic and tropic nations in the world. It 
came into existence in India in sixteen century. India 
contributes 14.83% share of groundnut production 
in the world (USDA, 2017) and ranks second (6.3 
metric million tons) in the production of groundnut 
followed by China (17 metric million tons). Indian 
groundnut is very famous because of its taste, flavour 
and crunchiness. The exports of Indian groundnuts 
have reached about 5.38 metric million tons during 
2015-2016 (APEDA, 2017). 

Demand of food in the world is increasing with 
the reckless rise in the population. Agricultural land 
is also being converted into commercial buildings 
which further reduces the agricultural land and 
hence produce. The losses of agricultural products 
during post-harvest processes are also reported to 
be about 40% (El-Sebaii and Shalaby, 2012; Sahdev 

et al., 2018b). Hence, the urgent need is felt to save 
the agriculture products from post-harvest losses. 
Groundnuts (highly nutritious crop), during post-
harvest, required to be dried to its safe storage moisture 
level of 8-10% (w.b.) (Sahdev et al., 2015), or it will 
be infected with the fungus. Drying (moisture removal 
process from the interior of the product) is one of the 
most significant post-harvest process to hinder the 
growth of fungi. Farmers commonly use open sun 
drying (OSD) to dry groundnuts in which product 
is spread on ground under solar radiations. OSD, 
obviously, is the cheapest among all drying methods, 
but products dried under OSD are not meeting the 
international standards because of its limitations 
such as uncontrolled drying, discolouring due to 
ultraviolet radiations, dust, birds, animals etc. The 
losses during post-harvest process can be minimised 
by using proper and advanced drying method reduces 
the drying time as well as increases its quality. An 
advanced drying technique, i.e., greenhouse drying 
can be adopted which overcomes the limitations of 
OSD and improves the product quality. The product, 
under greenhouse drying, is placed in trays and 
receives the solar radiations through the UV plastic 
sheet and the moisture from the product is removed 
by natural or forced mode.    

Simulation models are also very helpful in 
designing a new dryer or in improving an existing 
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dryer for the drying of agricultural products. Many 
researchers have carried out the studies on the 
mathematical modelling and experimental studies 
on single layer drying phenomenon of different 
commodities are summarized in Table 1.

 It is found, from the vast literature, that the 
information on thin layer drying behaviour of 
groundnut under greenhouse is not available. 
Therefore, this study has been undertaken to fulfil the 
existing gap on thin layer modelling of groundnut. 
The chief objectives of this research are (a) to study 
the drying kinetics of groundnut in greenhouse 
drying under natural (NCGHD) and forced (FCGHD) 
convection modes, and (b) to study the most suitable 
drying model to describe the drying behaviour of 
groundnuts under given conditions. 

This study would be very helpful to predict the 
single layer drying behaviour of groundnut under 
NCGHD and FCGHD conditions.

Materials and Methods

Experimental set-up and instrumentation
An even span roof type greenhouse of 120×80 

cm2 active floor area was made-up of plastic pipe and 
an Ultra Violet film cover of two hundred microns. 
It’s central and wall heights were kept as 60 cm and 
40 cm respectively. An air vent of 20×20 cm2 (for 
natural mode) was provided at the roof for air out. 
A fan (1340 rpm, 5 m/s rated velocity and 22.5 cm 
sweep diameter) was installed on the east side wall of 
the FCGHD condition. The orientation of greenhouse 
was kept east-west for maximum utilization of solar 
radiations. The experimental set up was located on 
the roof of a two floor building to get the maximum 
exposure to solar radiations. 

For each mode of drying, groundnut samples in 
single thin layer were kept in a rectangular wire mesh 
tray of sizes 0.15×0.25 m2 (Sample 1), 0.25×0.40 
m2 (Sample 2) and 0.35×0.60 m2 (Sample 3). An 
electronic digital weighing balance (Smart: made in 
India, capacity: 6 kg, least count: 0.1 g) was used for 
measuring the mass of moisture evaporated. The wind 
velocity was measured with an anemometer (Lutron: 
AM-4201, least count: 0.1 m/s2). The difference of 
two successive readings of the weighing balance 
gave the water evaporated during that time interval 
and was used in the determination of moisture ratio 
(MR).  

Sample preparation and experimental procedure
Fresh groundnuts were procured from the farmer 

and cleaned to remove immature and broken pods. 
Groundnut samples required for experimentation 

Table 1. Summary of thin layer drying phenomenon of 
various commodities
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were remoistened by soaking in water for twelve 
hours and then conditioned in shed for one hour 
to remove the extra moisture. The experiments 
were performed during April, 2016 in the weather 
conditions of Rohtak (28o54’N 76o34’E), India. 
Wire mesh tray of sizes 0.15×0.25 m2 (Sample 1), 
0.25×0.40 m2 (Sample 2) and 0.35×0.60 m2 (Sample 
3) were used to accommodate the groundnut samples 
over the digital weighing balance. Observations 
were recorded hourly. The two consecutive values of 
weighing balance directly gave the water evaporated 
during that time interval. The groundnut samples 
were dried up to the safe storage moisture level of 
8 – 10% (w.b.).  

The experimental data obtained for the groundnut 
weight were used for the drying kinetics of groundnut 
in terms of moisture removal rate. The moisture 
content data for both experimental modes were 
converted into moisture ratio (MR) and were used for 
different drying models as defined below:

a.	 Lewis model (Lewis,1921):  
b.	 Page model (Page, 1949):  
c.	 Modified Page model (Yaldiz et al., 2001):
	   
d.	 Henderson and Pabis model (Henderson and 	

	 Pabis, 1961):  

Where ‘a’ and ‘n’ are constants (dimensionless) 
and ‘k’ is the drying constant (1/h), ‘t’ is the time 
(hrs). The MR of groundnut during drying was 
estimated by Equation (1) (Dejchanchaiwong et al., 
2016)

						      (1)

Where ‘Mt’ is the moisture content at drying time 
(% d.b.), ‘Mi’ is the initial moisture level (%, d.b.), 
‘Me ’ is the equilibrium moisture level (% d.b.), The 
root mean square error (RMSE), reduced chi square 
(χ2), coefficient of correlation (R), and mean bias error 
(MBE) were considered to be the primary criterion to 
define the consistency of the best single layer drying 
model. These parameters can be evaluated using 
Equations (2) to (5) (Shringi et al., 2014; Kumar, 
2016)

 						      (2)

 						    
						      (3)

 		            				  
						      (4)

						      (5)

Where MRexp,i  is the experimentally calculated 
moisture ratio (MR) and MRpre,i is the predicted MR 
for the model. N and n  are the number of observations 
and constants respectively. The model suitability 
was evaluated by considering the higher value of R 
and least values of RMSE, χ2, and MBE. The drying 
rate, i.e., DR was defined as the amount of moisture 
evaporated over time and is evaluated using Equation 
(6) (Meisami-asl and Rafiee, 2009):

 							     
						      (6)

Where ‘Mt’ is the moisture content at drying time 
‘t’ and ‘Mt+td  is the moisture content at drying time 
‘t+dt’.

Results and Discussion

The data obtained from experiment for the 
groundnut samples under natural (NCGHD) and 
forced convection greenhouse drying (FCGHD) 
conditions are depicted in Table 2. 

The groundnut samples were dried to the final 
safe storage moisture level of 8–10% (w.b.). Moisture 
ratio data of NCGHD and FCGHD of groundnuts 
were investigated to the four drying models and the 
statistical parameters such as R, χ2, RMSE and MBE 
along with their constants are summarized in Table 3. 

The variation of MR with respect to ‘t’ the drying 
time for the drying of groundnut samples under 
NCGHD and FCGHD are shown in Figure 1. 

Similarly the deviation of drying rate regarding 
drying time for the drying of groundnut samples 
under NCGHD and FCGHD are shown in Figure 2.

From Table 3, Lewis model with highest value 
of R (0.99072 – 0.99678) and lowest values of χ2 
(0.06416 – 0.07948), RMSE (0.010056 – 0.11118) 
and MBE (0.01112 – 0.01413) was observed to be 
best fit to describe the single layer drying behaviour 
of groundnut sample under NCGHD mode. It is also 
seen from Table 3 that in most of the cases under 
Lewis model, the values of R, is more than 0.99, and 
least values of RMSE, χ2 and MBE showing a good fit 
for the drying of groundnut samples under FCGHD 
mode. Hence, Lewis model may be considered to 
characterise the single layer drying behaviour of 
groundnut under NCGHD and FCGHD modes. 
Groundnut drying under both modes of greenhouse 
occurred in the falling drying period from initial to 
final moisture content. 

From Figure 2, drying rate (DR) was found to 
be increased with the increase in mass of groundnut 
sample under both greenhouse drying modes. The 
drying rate during groundnut drying under FCGHD 
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Table 2. Experimental data for groundnut drying under NCGHD and FCGHD modes

Figure 1. Variation of moisture ratio with respect to drying time for the drying of 
groundnut samples under NCGHD and FCGHD modes  

Table 3. Modeling of MR for thin layer drying of groundnut samples under NCGHD 
and FCGHD modes
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was found to be higher than the groundnut drying 
under NCGHD. This indicates that the time required 
to dry the groundnut under FCGHD is shorter.   

Conclusion

In this research paper, the single layer drying 
behaviour of groundnuts was studied under natural 
(NCGHD) and forced convection greenhouse drying 
(FCGHD) modes. The groundnuts were dried from 
initial (38% w.b.) to safe storage moisture level of 
8-10% (w.b.) under both NCGHD and FCGHD 
conditions. The entire drying process was found to 
occur in falling rate period. Lewis model was found to 
be the best fit model to describe the thin layer drying 
behaviour of groundnut for both greenhouse drying 
modes. Drying rate during FCGHD was reported 
to be higher which resulted in shorter drying time. 
The greenhouse drying is the low capital investment 
dryer with zero emission and energy requirement as 
compared to other conventional drying methods. The 
present study would be considered for describing the 
single layer drying behaviour of groundnuts under 
given conditions. 
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