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 A B S T R A C T  
 
The current study focuses on the performance of solar greenhouse dryer for drying of bitter gourd in solar greenhouse dryer and open sun 
condition in Western Maharashtra.  The bitter gourd is also known as Momordica charantia is one of the important vegetable crops. The high-
water content in the crop yields to biological loss. Therefore, there is a need to preserve the bitter gourd by drying for a non-seasonal requirement. 
The experiment was conducted for drying of bitter gourd in solar greenhouse dryer and open sun condition on 6th of April 2021 from 7 am to 7 
pm, for 12 hours respectively. The experimental observations collected during experimentation were set as input data for the Design of 
Experiments i.e., for Response Surface Modelling (RSM). The contour plot obtained during modeling resembles the optimum region of drying, 
the optimum region for drying of bitter gourd is 40 to 50o C respectively. The moisture removal rate (MRR) for drying of bitter gourd in solar 
greenhouse dryer and open sun drying is 90 and 88 %, respectively. The drying rate observed during the experiment has a better resemblance 
with simulated Response Surface Modelling.  
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INTRODUCTION  

The solar drying technique is one of the oldest and traditional techniques used for the post-harvesting of crops, vegetables, and 

fruits. The main purpose of the drying process is to reduce or release the moisture of the crop to avoid further loss due to excess 

microorganisms' growth. Traditionally open sun drying was implemented as the drying process for crops in many countries as a 
sufficiently large area of land is easily available. The open sun drying affects the flavor, texture, and color of the dried product 

as the temperature goes beyond a certain limit. Therefore, controlled drying is one of the advanced techniques that is used for 

drying crops under adequate temperature conditions to avoid flavor, texture, and color losses during the drying process. The 
loss during the open sun drying is sometimes unrecoverable (Vijayan et al., 2017). The texture of the dried products affects the 

taste of the product. The atmospheric conditions also affect the open sun drying phenomenon. The uneven change in the climate, 

uneven rainfall, uneven winds affect the dried products to a greater extent. The quality and quantity of the final drier products 
affect due to such uneven climatic conditions (Labuza et al., 1972). The actual working of open sun drying is that the dried 

product is laid under the solar radiation for drying. The solar energy incident onto the dried product heats the product and finally 
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releases the moisture content into the dry adjacent air thereby reducing the moisture of the dried product. The drying process is 

very useful in the agricultural context as it lowers post-harvest crop losses. It is been estimated that nearly 10% to 40% of the 
crops harvested every year face the problem of post-harvest losses (Prakash et al., 2015). 

Many underdeveloped countries face the problem of post-harvest losses of agricultural products due to the lack of removal of 
moisture from the agricultural yield. It is estimated that nearly 40% of the produced agricultural yield, in the underdeveloped and 

developing countries, face a post-harvest loss each year. According to the National Academy of Sciences (NAS) this 40% may 

sometimes exceed up to 50% in some countries respectively. There are certain losses i.e., post-harvest losses in developed 
countries too; but comparatively, it is less as compared with underdeveloped and developing countries respectively. The major 

reason for this is post-harvest losses are high moisture content in agricultural yield. The high moisture content in agricultural 

yield further results in fungal and microbial degradation in agricultural yields. This microbial degradation in the agricultural yield 
starts shortly after the agricultural yield is harvested. The microbial degradation starts at the place where the moisture content 

in the agricultural yield is higher (Rintu et al., 2017). This microbial degradation commences and spreads over the agricultural 

yield where the moisture content is comparatively lower than the surrounding area. In rural areas due to lack of electricity and 

other drying equipment's the agricultural yield leads to excess microbial degradation. This microbial degradation and loss of the 
agricultural yield should be prevented to have a proper and optimum food security level in the nation. The balance between the 

agricultural yield and the post-harvest loss due to microbial decomposition should be maintained (Akhatov et al., 2015). The 

higher moisture content results in excess spoilage of the food products. The moisture content in the food products can be found 
in either of the two forms namely free water and bound water. The free water takes part in the chemical reactions and biological 

processes which are mainly responsible for the spoilage of food products. The free water takes part in enzymatic and non-

enzymatic reactions, spore germinations, and the growth of microorganisms. This rate of growth of microorganisms can be 
reduced by maintaining the moisture content between 0.6 on a scale. The water activity (aw) in a food product can be defined 

as the ratio of the pressure of water vapor just above the wet product to that of partial pressure of pure water at the same 

temperature (Vivekanandan et al., 2020).  

Water	activity	(aw) =
𝑃
𝑃𝑜 

Where, P= Partial pressure of water vapor over wet product.; Po= Partial pressure of pure water at saturation and the same 

temperature.  

The water activity (aw) can be represented on a scale of 0 to 1 (Prakash et al., 2016). The details of the reaction rate to the 

water activity (aw) are represented in the figure 1:  

 

Figure 1: Reaction rate to water activity (aw)graph 
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The range from 0.95 to 1 affects the growth of pseudomonas, bacillus Escherichia and yeast formation on a food product. The 

range from 0.91 to 0.95 affects the growth of salmonella, vibrio, molds, and yeasts. The range from 0.87 to 0.91 affects the 
growth of yeasts. The range from 0.80 to 0.87 affects the growth of molds. The range from 0.80 to 0.65 affects the growth of 

various halophilic bacteria, Xerophilic molds, and Osmophilic yeasts. Whereas the range below 0.65 has no microbial prefiltration 

(Kumar et al., 2007). 

The significant areas in the above curve are lipid oxidation, enzymatic browning, and non-enzymatic browning respectively.  The 

lipid is an organic compound that consists of fatty acids and their derivatives which are insoluble in water but are soluble in 
various organic solvents (De et al., 2016). Lipid oxidation or auto-oxidation is the reaction between oxygen and unsaturated 

lipids to form lipid hydroperoxide. The entire reaction is divided into three stages free radical mechanism which is as follow: - 

1. Initiation  
The initiation step is the formation of lipid-free radicals through catalysis agents like heat, metal ions, and irradiation. 

This free radical reacts with oxygen to form peroxy radicals.   

2. Propagation 
The peroxy free radical further combines with a lipid molecule to form hydroperoxide and a new free radical. 

3. Termination  
The free radicals formed during the propagation step combine to form a non-free radical. 

The reaction of lipid oxidation continues until depletion of oxygen, fatty radical reacts with stable antioxidant radicals and two 

unstable radicals reacts together i.e., termination process.   

The browning reactions can be studied with the help of oxidative enzymatic browning, caramelization, and non-oxidative or non-

enzymatic browning respectively. The oxidative enzymatic browning comprises of action of a set of enzymes. In this reaction 
Polyphenol Oxidase (PPO) or Phenolase present in the food product reacts in the presence of oxygen to form a brown color on 

the food, turning the original color into a brownish shade. Generally, oxidative enzymatic browning is observed in apples when 

they are sliced and placed in an open atmosphere (Janjai et al., 2009). 

Caramelisation is the reaction of carbohydrates present in the food product. It comprises a set of reactions that are the outcome 

of direct heating of carbohydrates or principally sugar in a food product. The sucrose present in food products consists of glucose 
and fructose in presence of heat converts into acetic acid which offers a salty taste, maltol which offers a caramel taste, and 

furan which offers a nutty taste respectively. The caramelization reaction results in the development of flavor, darkening, and 

formation of color in the mixture in the food product (Hamdi et al., 2018).  

The non-oxidative or non-enzymatic browning can be studied with the help of Millard's reaction. In this reaction, there is no 

involvement of oxygen or any kind of enzyme. The sugars, amino acids, and other nitrogenous bases present in food products 
combine in presence of heat to form N-Glycosides, which adds new flavor and new color to the food product. Therefore, there 

is a need for an optimum temperature of the drying phenomenon. As the lower temperature for drying will enhance the growth 

of micro-organisms and the higher temperature will give rise to the case hardening process respectively.  

Thus, the main aim of the present research work is to design and develop a Solar Modified Greenhouse model for drying various 

seasonal grains, fruits, and vegetables by analyzing various designs for roofs and finding an optimum roof shape for Solar 

Greenhouse Dryer. The drying process increases the shelf life of the product inducing the dried product its original flavor, texture, 
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and color respectively. The main focus of the present study is to reduce the current or existing drying time that is required to dry 

a product (Yadav et al., 2021).  

MATERIALS AND METHODS 

The word greenhouse dryer is used for a building that is highly glazed with thermal conditioning for desired range and it is used 

for cultivating crops, plants, vegetables, etc. The actual working of a greenhouse is that the short-wave radiations falling on the 

greenhouse are absorbed by the outer glazing material thereby heating the interior area of the greenhouse and providing ambient 
heat for plants, vegetable growth respectively (Moretti et al., 2019). The heated space is retained within the enclosure of the 

greenhouse. This phenomenon is called the greenhouse effect. The important role played during the greenhouse effect 

phenomenon are the atmosphere, insulating roofs, walls, etc.  

When the solar radiation enters the surface of the greenhouse some part of the solar radiation is absorbed by the earth's surface 

whereas some part of the radiation is thrown back also called infrared radiations. This infrared radiation emitted by the surface 

of the earth is then absorbed by various gases like CO2, methane, NOx, and water vapor (Hassanien et al., 2016). This absorption 
of infrared radiation by the atmosphere and various gases like CO2, methane, NOx, and water vapor is called the greenhouse 

effect. The greenhouse effect helps in maintaining the temperature of the earth at ambient temperature, without the greenhouse 

effect the earth's temperature would have been -18 oC respectively (Yadav et al., 2021). 

The various parameters considered during the designing of solar greenhouse dryer are as follows:  

1. Glazing Materials  
The proper glazing materials allow maximum solar radiation to enter the greenhouse dryer. The heat loss from the 

glazing material should be minimum as possible. The glazing material should maximum absorptivity and minimum 
reflexivity. The thin plastic foil absorbs direct and diffuse solar radiation.   

 

2. Ventilation methods 
The ventilation methods can be divided into free and forced ventilation. Free ventilation can be effectively used for solar 

drying as there is a lack of electricity in rural areas.  

 
3. Solar Orientation 

The Solar Greenhouse Dryer should be south-oriented to gain maximum solar radiation. The roof inclination should 

have a 23o to 25o roof angle to gain 90% of solar radiation. The north wall of the Solar Greenhouse Dryer is well 
insulated to avoid heat loss (Yadav et al., 2021). 

The proposed Solar Greenhouse Dryer is a triangular roof with a vent on the roof side to allow air passage for ventilation. The 
Solar Greenhouse Dryer is manufactured initially with a Mild Steel square pipe and is covered with a thin plastic foil of 2mm 

thickness, to allow maximum solar gain during sunshine hours. The bottom surface of the Solar Greenhouse dryer was covered 

with sandbar or course sediment for the heat gained from the sun to trap into the Solar Greenhouse Dryer. The roof of the Solar 

Greenhouse Dryer was provided with an inclination of 17o i.e., the latitude of Bahe Borgaon, Tal- Walwa, Dist- Sangli, 
Maharashtra, India, where the experiment was conducted (Yadav et al., 2021). The overall dimensions of the Solar Greenhouse 

Dryer are as given below inn table 1: - 
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Table 1: Dimensions of SGHD 

Sr. No Specifications Details 

1 Length 1000 mm 

2 Height 400 mm 

3 Width 600 mm 

 

The drying tray provided for SGHD was inclined to the base surface to maximize the inclined solar radiations onto the dryer. The 
two-air inlet was provided along with the upper duct section for free passage of air into the Solar Greenhouse Dryer. The drying 

tray is provided with a fine wire mesh for drying agricultural yield.  The North wall of the Solar Greenhouse Dryer was insulated 

to avoid heat loss during the drying process. The drying process was performed using free convection, as in many rural areas 
there is load-shedding due to which the electricity cannot be effectively used for drying phenomenon. The actual experimental 

setup with north wall insulation is as shown in the figure 2: - 

 

Figure 2: Actual Experimental setup of SGHD 

Experimental methodology 

The product used for the drying phenomenon was bitter gourd as it is abundantly available in the western Maharashtra region. 

Initially, the 200 gm fresh bitter gourd harvested from the farm was used for drying in Solar Greenhouse Dryer, the same amount 
of bitter gourd was used for open sun drying.  

Response Surface Methodology (RSM) 

The Response Surface Methodology is a collection of mathematical and statistical techniques useful for modeling and analysis 

of problems in which response of interest is influenced by various variables and the main objective is to optimize the response. 

For e.g. The temperature of the drying tray in a dryer depends upon two main factors i.e., solar radiation and wind speed 
respectively. Therefore, mathematically it can be expressed as: - 

𝑦 = 𝑓(𝑥1, 𝑥2) + 𝜖 
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where,  

x1, x2 = Independent variable; 

𝜖	= Experimental Error. 

The RSM Methodology can also be given for a linear function i.e., first-order linear function with the independent 

variable. It can be expressed as: -  

𝑦 = 𝛽0 + 𝛽1𝑥1 + 𝛽2𝑥2 + 𝜖 

If the given function consists of curvature, the higher degree polynomial can be used with two independent variables. 

It can be expressed as: - 

𝑦 = 	𝛽0 + 𝛽1𝑥1 + 𝛽2𝑥2 + 𝛽11𝑥; + 𝛽22	𝑥; + 𝛽12𝑥1𝑥2 + 𝜖 

The main advantage of RSM methodology is to understand and evaluate the topography of the response surface, and finding 

the region of optimal response and the main aim is to move effectively along a path to get a maximum or minimum response 

as per the experiment.  

Designs in RSM 

The main aim in RSM is to find out optimum response from the set of variables, when there is more than one response then it 

is important to find the optimum region. The constraints on design data, experimental design has to meet the requirements of 

constraints; another important factor to be considered is response changes in a given direction by adjusting or manipulating the 
design variables. In general Response, the Surface can be visualized graphically with the help of response surfaces i.e., hills, 

valleys, and ridgelines. Hence 𝑓 = (𝑥1, 𝑥2) can be plotted versus the levels of x1 and x2 respectively as shown in Figure 3.   

 

Figure 3: Contour plot for the desired response 

From the graph, each value of x1 and x2 generates the value of y. This 3-Dimensional plot shows the response surface from 
the side and hence it is called Response Surface Plot. The contour plots can show contour lines of x1 and x2 pairs that have 

the same response value of y respectively.  
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Central Composite Design (CCD) 

The most popular design for fitting the second-order model is Central Composite Design (CCD). It consists of factorial points 

from 2q to 2q-k with resolution V or greater, central point, and axial point. The CCD is a beneficial technique for sequential 

experimentation respectively. The first-order model shows evidence of lack of fit then axial points can be added to quadratic 

terms and with more central points to develop CCD. The number of center points m at the origin and the distance 𝛼 of axial runs 

from the design center are two parameters in CCD design. The value of 𝛼 and m can be chosen in many ways. The initial CCD 

can run in incomplete blocks, a block is a set of relatively homogenous experimental conditions so that the experiment can be 

divided into a set of observations respectively. The incomplete block design can be conducted when all treatment combinations 

cannot run in each block. The orthogonal to treatment effect is preferred to protect the shape of 𝛼 and m in factorial and axial 

block can be given effective response surface. 

RESULTS AND DISCUSSION  

The experiment was conducted from 7 am to 7 pm for 12 hours on the 6th of April 2020 at Bahe Borgaon, Tal-Walwa, Dist- 

Sangli, Maharashtra, India located at 17.115o N and 74.33o E respectively. The drying of bitter gourd was performed in the 

open sun and Solar greenhouse dryer under natural convection. The dryer was kept on a sand surface away from all kinds of 
shadows to allow maximum solar gain. The initial weight of bitter gourd to be dries in Open sun condition and SGHD condition 

were 200 grams both respectively. The details of drying of bitter gourd in Solar Greenhouse Dryer vs. Open sun drying is as 

elaborated in the figure 4. 

 

Figure 4: Drying of bitter gourd in SGHD vs. Open Sun Drying. 
 

The total time required to dry bitter gourd was 12 hours. The details of drying of bitter gourd in SGHD and open sun 

condition is as below in table 2: - 
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Table 2: Experimental results of drying of bitter gourd in SGHD 

Sr. no Time Wind Speed 

(m/s) 

Solar 

Radiation 

(W/m2) 

Temperature 

(Atmosphere) 

(o C) 

Temp (SGHD) 

(o C) 

Drying Tray 

Temp  

(o C) 

1 7:00 am 0.10 195 24 28 29 

2 8:00 am 0.30 629 26 32 30 

3 9:00 am 0.35 718 29 35 32 

4 10:00 am 1.21 810 35 47 44 

5 11:00 am 0.50 850 40 50 49 

6 12: 00 pm 0.40 858 44 55 54 

7 1:00 pm 0.20 870 45 56 65 

8 2:00 pm 0.15 830 49 55 57 

9 3:00 pm 0.30 595 47 55 54 

10 4:00 pm 0.15 125 41 43 44 

11 5:00 pm  1.15 198 40 42 43 

12 6:00 pm  1.20 128 32 38 41 

13 7:00 pm  1.08 - 30 35 40 

 

The scatter plot for drying of bitter gourd in Solar Greenhouse Dryer is as shown in Fig. 5. 

 

Figure 5: Scatterplot for Drying of bitter gourd in Solar Greenhouse Dryer. 
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The scatter plot for drying of bitter gourd in Open sun condition is as shown in Fig. 6. 

 

Figure 6: Scatter plot for drying of bitter gourd in Open sun condition. 

The Statistical Simulation Software Mini Tab Statistical Software was used to simulated results for Response Surface 

Methodology (RSM) for the design of experiments. The main aim of using a Response Surface Methodology in drying of bitter 

gourd is to understand and evaluate the topography of response of experimental observations, and from the topography finding 
the region of optimum response. The steps involved in the simulating RSM are as follows: - 

1. Initially, the Central Composite Design was selected as the number of variables available were a continuous factor 
2. In designs the total number of runs selected during the simulation was 13, the number of center points and value of 

alpha was set on default, the default value for alpha was set to 1.414 respectively.  

3. Then for defining the cube points the dependent variables i.e., solar radiation and wind speed was selected, and the 
low and high values of each set were entered. 

4. After defining the dependent variables, the system generated set of values are as follows: -   

 
Table 3: System-generated set of values for dependent variables. 

Sr. 
No. 

Std 
Order 

Run 
Order 

Pt 
Type 

Blocks Wind 
Speed 

Solar 
Radiation 

Drying 
Tray 

Temp 

Open Sun Drying 
Temp 

1 2 1 1 1 1.20000 125.00 29 24 

2 6 2 -1 1 1.42782 497.50 30 26 

3 3 3 1 1 0.10000 870.00 32 29 

4 11 4 0 1 0.65000 497.50 44 35 

5 10 5 0 1 0.65000 497.50 49 40 

6 13 6 0 1 0.65000 497.50 54 44 

7 8 7 -1 1 0.65000 1024.29 65 45 
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8 4 8 1 1 1.20000 870.00 57 49 

9 7 9 -1 1 0.65000 -29.29 54 47 

10 12 10 0 1 0.65000 497.50 44 41 

11 9 11 0 1 0.65000 497.50 43 40 

12 1 12 1 1 0.10000 125.00 41 38 

13 5 13 -1 1 -0.12782 497.50 40 35 
 

The coded coefficients used during Response Surface Regression is as given below in a table 4. 

Table 4: Coded Coefficients in Response Surface Regression 

Sr. 
No. 

 

Terms  Coef SE Coef T-Value P-Value VIF 

1 Constant 44.60 5.08 8.79 0.000  

2 Wind Speed 3.42 4.01 0.85 0.423 1.00 

3 Solar Radiation 6.01 4.01 1.50 0.178 1.00 

4 Wind Speed*Wind 
Speed 

-0.11 4.30 -0.03 0.980 1.02 

5 Solar Radiation*Solar 
Radiation 

0.39 4.30 0.09 0.931 1.02 

6 Wind Speed*Solar 
Radiation 

-5.75 5.68 -1.01 0.345 1.00 

 

The details of Model Summary for drying of bitter gourd in Solar Greenhouse Dryer is given below in table 5. 

Table 5: Details of modeled summary in Solar Greenhouse Dryer 

Terms S R-sq R-sq(adj) R-sq(pred) 

Value 6.46827 79.35% 64.60% 0.00% 

 

The Analysis of Variance (ANOVA) for drying of bitter gourd in Solar Greenhouse Dryer is given below in table 6. 

Table 6: Details of Analysis of Variance (ANOVA) 

Sr. No. Source DF Adj SS Adj MS F-Value P-Value 

1 Model 5 1125.44 225.088 5.38 0.024 

2 Linear 2 149.43 74.715 1.79 0.236 

3 Wind Speed 1 0.16 0.163 0.00 0.952 

4 Solar Radiation 1 149.27 149.268 3.57 0.101 
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5 Square 2 633.76 316.879 7.57 0.018 

6 Wind Speed*Wind Speed 1 420.53 420.526 10.05 0.016 

7 Solar Radiation*Solar Radiation 1 139.31 139.309 3.33 0.111 

8 2-Way Interaction 1 342.25 342.250 8.18 0.024 

9 Wind Speed*Solar Radiation 1 342.25 342.250 8.18 0.024 

10 Error 7 292.87 41.838   

11 Lack-of-Fit 3 206.07 68.690 3.17 0.147 

12 Pure Error 4 86.80 21.700   

13 Total 12 1418.31    

 

The observed Pareto Chart for RSM Modelling for drying of bitter gourd in Solar Greenhouse Dryer is as shown in figure 7. 

 

Figure 7: Pareto Chart of Standardized Effects 

The contour plot obtained from simulated Response Surface Modelling for drying of bitter gourd in Solar Greenhouse Dryer is 

as shown in Fig. 8. 
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Figure 8: Contour plot for drying tray temperature 

The Surface Plot obtained from simulated Response Surface Modelling for drying of bitter gourd in Solar Greenhouse Dryer is 
shown in Fig. 9. 

 

Figure 9: Surface plot for drying tray temperature 
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The factorial plots and interaction plot obtained from simulated Response Surface Modelling for drying of bitter gourd in Solar 

Greenhouse Dryer is shown in Fig. 10 and 11. 

 

Figure 10: Factorial plots of drying tray temperature. 

 

 

Figure 11: Interaction Factorial plots of drying tray temperature. 

The initial weight of the bitter gourd before drying was 200 grams for both Solar Greenhouse Dryer and Open Sun-drying 

conditions. The final weight of the bitter gourd after drying for 12 hours of drying is 20 grams for Solar greenhouse Dryer and 24 

grams for Open Sun Drying condition respectively.  

The simulated Response Surface Methodology in Minitab Statistical Software gives the optimum region for drying of bitter gourd 

i.e., the area under steepest ascent and steepest descent resembles the optimum solar radiation and wind speed for drying of 
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bitter gourd. The solar radiation between 200 W/m2 to 800 W/m2 and wind speed between 0.2 to 1.0 m/s respectively. The 

optimum temperature range for drying of bitter gourd is between 40 to 50oC. The Moisture Removal Rate (MRR) can be 
mathematically expressed as: -  

 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒	𝑅𝑒𝑚𝑜𝑣𝑎𝑙	𝑅𝑎𝑡𝑒	(𝑀𝑅𝑅) =
𝐼𝑛𝑖𝑡𝑖𝑎𝑙	𝑊𝑒𝑖𝑔ℎ𝑡	𝑜𝑓	𝑃𝑟𝑜𝑑𝑢𝑐𝑡 − 𝐹𝑖𝑛𝑎𝑙	𝑊𝑒𝑖𝑔ℎ𝑡	𝑜𝑓	𝑃𝑟𝑜𝑑𝑢𝑐𝑡	

𝐼𝑛𝑖𝑡𝑖𝑎𝑙	𝑊𝑒𝑖𝑔ℎ𝑡	𝑜𝑓	𝑃𝑟𝑜𝑑𝑢𝑐𝑡 × 100 

 

The moisture removal rate (%) for SGHD and open sun drying for bitter gourd is as given below in a table 7: - 

Table 7: Moisture removal rate for SGHD and Open Sun Drying. 

Product to be dried  Moisture Removal 
(%) in SGHD  

Moisture Removal in (%) Open Sun Drying   

Bitter gourd 90 88 

 

The results obtained for drying of bitter gourd in Solar Greenhouse Dryer have a better resemblance with the results of 
Response Surface Modelling. The details of bitter gourd after drying for 12 hours in Solar Greenhouse Dryer and open sun 

condition is as shown Fig. 12. 

 

Figure 12: Dried bitter gourd in SGHD vs. Open sun drying 

CONCLUSION  

The Solar Greenhouse Dryer is an effective way to prevent the agricultural yield from deterioration due to excess growth of 
micro-organisms. The Solar Greenhouse Dryer provides the optimum temperature that is required for drying agricultural yields 

with high moisture content. The initial weight of the bitter gourd to be dried was 200 grams for both Solar Greenhouse Dryer and 

Open sun drying conditions. The bitter gourd was allowed to dry for 12 hours i.e., from 7 am to 7 pm on 6th of April 2021 at Bahe 
Borgaon, Tal-Walwa, Dist- Sangli, Maharashtra, India located at 17.115o N and 74.33o E. The weight reduction of bitter gourd 
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after drying was 20 grams for SGHD and 24 grams for open sun drying conditions respectively. The Moisture Removal Rate 

(MRR) of bitter gourd after drying is 90% for SGHD condition and 88% for open sun drying condition.  

The experimental observations obtained during the drying process for both Solar Greenhouse Dryer and Open sun drying were 

used as input data for Response Surface Modelling (RSM). The Response Surface Modelling is a statistical technique used for 
Design of Experiments (DOE), the main of RSM method is to understand various topography of the experimental observations; 

another major objective from obtained topography is to find a region of optimum response from the set of observations and move 

effectively along a path to get a maximum or minimum response. The result obtained from experimental observations has a 
better resemblance with results obtained from Response Surface Modelling. The effective region obtained for drying of bitter 

gourd is obtaining 40 to 50oC temperature range; for the particular temperature range, the required solar radiation is between 

200 W/m2 to 800 W/m2 and wind speed between 0.2 to 1.0 m/s respectively. The results obtained from the Pareto chart is the 
standardized effect obtained is at a scale of 2.34 for drying, whereas the incident solar radiation and wind speed during were 

effective and above the standardized effect. The optimum temperature range for drying of bitter gourd is between 40 to 50oC, 

and which was effectively maintained in the dryer during drying.    
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