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Abstract 

The drying kinetics of mango byproducts is modeled using 

weight change over time as predictor of moisture content. The 

weight change was monitored by a novel wireless weighing 

scale that collected data at close intervals, providing substantial 

data necessary in the precise modeling. Mango seeds, peels, 

and kernels were dried in a greenhouse-type solar dryer at 

different tray levels (tray 1 to tray 5). Data from in-scale 

temperature sensors were used to compensate the effect of heat 

on the load cells. Humidity (%), outside temperature (ºC), and 

solar radiation (W/m2) of the immediate outside environment 

were monitored using a locally-installed weather station. Initial 

moisture contents were measured at different tray levels. 

Drying curves of the sample for the different runs under various 

weather conditions were compared. The drying rates and 

effective diffusivity were calculated and estimated for the 

different tray levels and for three weather conditions (sunny, 

cloudy, and rainy) during the eleven-month experimental 

period. Results showed that the tray level has a significant 

effect, with the drying rates showing to be faster for higher tray 

levels. Weather conditions also showed significant effect with 

fastest drying rates observed during sunny days. Using the 

obtained data and applying the 14 empirical thin-layer drying 

models, the drying of seeds and kernels can best be described 

by the Approximation of Diffusion model while the drying of 

peels fits the Page model. The wireless weighing scale was 

successfully deployed inside the dryer and proved to be an 

inexpensive but precise tool in quantifying the drying rates. The 

drying kinetics for mango seeds established in this study is a 

first for a fully functioning industrial-scale greenhouse-type 

solar dryer. This study is found to be useful in the design and 

scale-up of a solar dryer where agricultural byproducts can be 

dried efficiently using solar energy. 

Keywords: Mango seeds drying, mango kernel, mango peels, 

modelling, effective diffusivity, greenhouse dryer, wireless 
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1. INTRODUCTION 

Drying is one of the earliest methods of food preservation with 

the objective of reducing the moisture content of the food, 

thereby delaying the microbiological reactions that lead to 

spoilage [1]. The method of drying could either be convection 

drying, where air is used to supply the needed air for 

evaporation of moisture, and conductive drying, where water is 

removed by boiling [2]. In food production that involves 

drying, the ability to model the drying rates of raw materials is 

crucial in scheduling and harvesting. 

Drying kinetics is widely used in literature as a method to 

develop mathematical models to determine drying times of 

food products [3]–[14]. Dissa et al., for example, obtains drying 

parameters such as the water content of the mango samples to 

obtain the drying rate by differentiating that parameter with 

respect to time [15]. The experimental drying curves where 

then fitted to 10 semi-empirical thin layer drying models and 

the fittings were performed using a non-linear regression in 

MATLAB based on the non-linear optimization method of 

Levenberg-Marquardt. The coefficient of determination R2 was 

one of the primary criteria used to select the best model to 

describe the direct solar drying curves of mangoes [15]. A 2016 

comprehensive review by Onwude et al. suggests that there are 

now 22 semi-theoretical and empirical thin-layer drying models 

[16]. 
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Figure 1. Thin-layer drying models for the drying of fruits and vegetables [16] 

 

Janjai et al. has a different approach to modelling where energy 

balances of heat, mass, polycarbonate cover, air inside dryer, 

the product and the concrete floor were obtained instead of 

using the established mathematical models [17]. This 5 partial 

differential equations along with the two (2) thin layer drying 

equations developed by Smitabhindu et al. [18], Hossain [19] 

and Berbert et al. [20] solved numerically the drying rates of 

banana, chili and coffee, respectively, using the finite 

difference technique. The drying parameters A and B and the 

equilibrium moisture content Me were computed on the basis 

of the drying air temperature and relative humidity inside the 

dryer. Using the A, B and Me values, the change in moisture 

content ΔM for a time interval Δt were computed using the 

same thin layer drying equations.  Then the PDEs for the energy 

balance of polycarbonate roof, the air inside the dryer, energy 

balance of the product and energy balance of the concrete floor 

were all expressed in a matrix form for the interval of Δt. These 

equations were solved using the Gauss-Jordan elimination 

method utilizing the recorded values of drying air temperature, 

relative humidity and the change in moisture contents ΔM for 

the given time interval. The process was repeated until the final 

time was reached. Compaq Visual FORTRAN version 6.5 was 

used for the numerical solution. The simulated performance of 

the dryer and simulated moisture content during drying was 

compared with experimental data and was found to have a 

reasonable agreement with the measured values. The root mean 

square deviation (RMSD) for banana, chili, coffee were 11.4%, 

12.9% and 14.6% respectively [18]–[20]. So this in fact, a more 

thorough analysis of the entire drying system as compared to 

Dissa et al. [15]. 

Salazar, et al developed a Neural Network model for 

predictions of the enthalpy based on the environmental factors 

inside and outside of the greenhouse [21]. Enthalpy is a variable 

that represent the energy content of a greenhouse and is related 

to temperature and relative humidity which is vital for plant’s 

growth. First, they were able to identify the most important 

factors affecting the energy content in a greenhouse. Seven (7) 

NN models were developed for enthalpy prediction with input 

variables such as inside air temperature, inside relative 

humidity, transpiration, solar radiation, outside enthalpy, 

ventilation on the left, ventilation on the right, wind velocity, 

average water temperature on the top and bottom of the heating 

system.  The output of the models is the enthalpy predicted five 

(5) and ten (10) minutes ahead of the sensor signal. A 

normalized index β was calculated to evaluate if there is enough 

ventilation to maintain optimal inside conditions for the plants. 

When β is greater than unity, the inside enthalpy is greater than 

the target value and more airflow is required. When β is less 

than unity, the inside enthalpy is less than the target value, and 

airflow should be reduced. Using 1700 data patterns, training, 

validation and testing of the NN models were done.  Linear 

regression between measured and predicted models were 

implemented. The model with the minimum mean square error 

(MSE) and highest correlation coefficient for enthalpy 

prediction was Model 4 which includes 4 input variables like 

temperature, transpiration, heating system and ventilation. 

After determining Model 4 to be the best enthalpy predictor, a 

series of training to test predicting abilities were done using 

separate set of measured data. The results showed that the 

predicted values were very close to the actual ones reflected by 

the low RMSE and high correlation coefficient (R). The 

enthalpy prediction models 5 and 10 minutes ahead of the 

sensor signal will allow a strategy of simultaneous control of 

air temperature and relative humidity. In an open loop system, 

the Artificial Neural Network (ANN) could replace sensors and 

gives predictive information for a higher control quality [21].  

Celma and Cuadros analyzed a natural convection solar dryer 

by using the first and second laws of thermodynamics [22]. 

They contend that energy analysis is important for the design 

and optimization of an industrial drying process so that it will 

use less energy as possible for maximum moisture removal for 

the desired final conditions of the product. Thus, energy 
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quantity and quality should be investigated during the drying 

process. Equations describing the mass conservation of drying 

air, the mass conservation of moisture and the general equation 

for energy conservation are taken into consideration. Relative 

and specific humidity are also determined as well as the 

enthalpy of the system. Then, the outlet conditions of solar air 

heater can be calculated using the relative humidity and the 

enthalpy equations. The conditions of the inlet/outlet of the 

drying chamber are determined by obtaining the specific 

humidity of the inlet/outlet of the drying chamber with the use 

equations of mass conservation. The total exergy of the system 

consist of physical, chemical, kinetic and potential exergies. It 

was found out that the drying process could be accelerated by 

reducing the load/unload cycle to 1 day, increasing the drying 

air velocity in order to decrease the energy utilization and 

exergy losses [22]. 

Correa-Hernando et al. studied pine wood solar drying using 

hot air collector [23]. The proposed model sensor 1 was for 

empirical wood moisture, temperature and relative humidity of 

inlet/outlet. Model 2 to obtain analytical wood moisture, 

temperature and relative humidity of inner kiln. While sensor 

model 3 is able to obtain analytical energy coefficient of the 

dryer by measuring solar radiation and local wood moisture and 

this last sensor needs to have feedback from sensor 1 and sensor 

2. These model sensors were deemed to be applicable to 

wireless sensor networks in the near future as they estimate 

drying rate and wood moisture in real time [23]. 

Weller and Bunn in 1993 used the weight change over time to 

calculate the moisture change over the time and was able to 

establish a drying rate constant in the thin-layer drying equation 

used to model corn drying [Weller and Bunn 1993]. This was 

later confirmed in a red chili drying experiment by Banout et al 

using a top loading digital balance to monitor moisture 

reduction every hour during the drying period. The drying rate 

was found by the reduction of the water concentration during 

the time interval between two consecutive measurements 

divided by that time interval [24]. Other experiments confirm 

that the weight of the samples need to quickly taken so as not 

to interfere with the drying process of Dika nuts and kernels in 

a controlled environment like an air oven [25]. The same is true 

with the drying of cocoa beans that they need to be taken out of 

the oven, weighed every two hours using an analytical balance 

though the samples here are subjected to overnight tempering 

or the cooling and reheating again to reduce the moisture 

content further [26]. Weighing of samples can be done 

manually inside the drying chamber using an electronic balance 

with a capacity of 0-3000 g and accuracy of ±0.01 g [27] and 

for drying rough rice [28]. It can also be weighed during the 

drying process in a setup done by Duygu Evin on a microwave 

drying of Gundelia tournefortii L. [29]. The dried samples in a 

drying pan can be weighed right after the drying process and 

the percent of dried mass can be obtained by subtracting the 

total dried mass of the pan weight and dividing the result to get 

the wet mass [30]. 

This paper endeavors to model the drying kinetics of mango 

byproducts in a greenhouse-type solar dryer using the change 

in product weight over time as a predictor of moisture content. 

Moreover, the weight is determined by using a novel wireless 

weighing scale, developed to enable convenience in obtaining 

data and eliminating over-exposure of the products to human 

intervention. This novel weighing scale also replaces the hourly 

offline moisture analysis using a laboratory moisture analyzer 

and enables the researcher to collect data at close intervals 

allowing for a well-defined mathematical modeling of the 

drying kinetics of mango byproducts. 

 

2. MATERIALS AND METHODS 

 

2.1. The solar dryer  

The solar dryer is measuring 30 x 30 x 3 meters (refer to Figure 

2).  It is situated in Bankal, Mactan Island, Cebu, Philippines 

(10°18'24"N 123°59'28"E). The roof is covered with semi-

transparent polycarbonate sheets.  

 

 
 

Figure 2. The solar dryer with polycarbonate roof (done by 

Google Sketch) and the TelosB nodes as deployed inside the 

drying facility. 

 

Inside this dryer are 36 racks measuring 5.55 x 1.15 x 2.00 

meters; each rack carrying 5 trays. To allow sunlight to 

penetrate the lowest tray, a green nylon net was used as flooring 

used for the racks. There are also mobile racks that have 4 inch 

caster wheels to allow easy transport of dried ground mango 

kernel. This dryer produces the following dried products – 

mango seeds, mango kernels, mango peels and mango husks. 

Wet mango peels and seeds are spread on the trays twice a day. 

High temperatures between 9 AM and 4 PM prevent the 

workers from entering the solar dryer and spreading the peels 

and seeds.  A proposed conveyor system is in the works as of 

this writing as a way to automate the spreading of mango peels 

and seeds on the trays when the workers cannot do it due to the 

heat. There is no drying at night time but the mango peels and 

seeds placed at 4PM will be ready for the following day. It is 

also at night time that the workers can sweep the solar dryer 

floor of liquids that dripped during the day. 
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2.2 Mango seeds, peels and kernel 

The mango seeds and peels used in this study were acquired 

through a third party mango processing company, Profood 

International Corp. The drying facility would collect the seeds 

and peels, considered as wastes by the processing company, 

after every production run. The processing company 

documented that it could process up to 5 million mangoes a day 

with their existing plants [31].  

The large volume of processed mangoes equated to even larger 

amounts of wastes. The previous practice was to dump these 

tons of waste in a dumpsite far from the city. The dumpsite 

would charge the processing company 447.678 USD or about 

20,000 Philippine peso (using 49.73 PHP/USD exchange rate 

on January 31, 2017) for every truck of mango waste dumped 

at Inayawan Landfill, Cebu City, Philippines. The mango 

kernel used for the experiment is a grounded material that is a 

product of the initial grounding process after the material has 

been initially treated and dried in the greenhouse-type solar 

dryer. 

 

2.3 Wireless Weighing Scale 

This is a high-frequency Wi-fi weighing scale incorporated in 

the drying chamber. The purpose is to monitor the weight 

reduction of dried mango wastes for the entire drying process. 

The scales have a tested accuracy of less than +- 1 gram. 

Manual tare with temperature compensation using a DS18B20 

temperature sensor through a push button on the display 

box. The micro-controller used is Raspberry Pi 2 with data 

logging capability in case of brownouts or internet failure but 

also enables a real-time data streaming to a virtual server and 

making them available anywhere in the globe using a Shiny 

data portal. 

The weighing platform (refer to Figure 3) has a 1” base 

preferably made up of marine grade plywood measuring 22” x 

28”. The upper part has to cover the load sensor beneath it. It is 

the current drying tray used in the greenhouse drying. The 

yellow block are made of solid material preferably aluminum 

with through-holes for M6 bolts to be screwed for attachment. 

This solid material makes sure that the weighing scale won’t tip 

over as a result of the weight it will bear. The maximum 

allowable applied weight is 10 kilograms as specified by the 

load cell. 

 
 

Figure 3. The designed wireless weighing platform with the 

load cell attached. 

The electronics composed of a Raspberry pi, Wi-pi dongle, 

DS18B20 temperature sensor, lcd, and the load cell amplifier 

are enclosed in a well-ventilated box (refer to Figure 4). 

Calibration is done by using known weights and doing separate 

trials for each at 30 minutes intervals. The Raspberry Pi stores 

local data into its micro sd card and it also streams this data into 

a remote server and displays them into a dashboard using Shiny 

data portal. 

 

 

 
Figure 4. These are all the electronic parts of the wireless 

weighing scale. 

 

The wireless weighing scale is basically made up of 5 parts, the 

load cell, a load cell amplifier, a Raspberry Pi 2 Model B, an 

LCD and a DS18B20 temperature sensor (refer to Figure 5). 
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Figure 5. The block diagram of the wireless weighing scale. 

 

The receiving end is also a Raspberry Pi which serves as a 

gateway server. The data collected by the server are then visible 

through a shiny data portal. The data on each weighing scale 

are written on a csv file and can be downloaded anytime. Each 

data set from the wireless weighing scale provides the 

timestamp in date and time, the temperature (°C) and the weight 

(kilograms). The weighing scales actively collected data for 24 

hours from April 18, 2016 to February 2017. The calibration of 

the said weighing scales happened in the laboratory as well as 

inside the greenhouse-type solar dryer (refer to Figure 6). 

 

 

Figure 6. The laboratory testing and the actual testing of the 

weighing scale. 

 

2.4 Locally installed weather station 

A Davis Vantage Pro 2 Plus weather station was installed on 

the greenhouse-type solar dryer where the drying experiments 

were done (refer to Figure 7). This weather station gives 

meteorological data like temperature, humidity, wind direction, 

wind speed, rainfall, ultraviolet radiation index and solar 

radiation in W/m2.  

 

 

Figure 7. The locally-installed weather station on the roof 

adjacent to the greenhouse-type solar dryer. 

 

2.5 Experimental procedure 

During the drying period, only the initial moisture content of 

the samples is taken at the start of every run. The moisture 

content analyzer is a KERN Moisture Analyzer with a 

reproducibility of 0.002 g (0.05% based on a 10g sample).  

Initially, the test pan had to be emptied, then TARE was pressed 

indicating the initial temperature and weight. Next the dried 

product was added to the pan until it was full. The START 

button was pressed, the oven temperature would increase, and 

until such time that the mass no longer decreased, the device 

would automatically stop. Final temperature and weight, and 

final moisture content were recorded. The time elapsed for the 

product to reach its final state was also taken into account. All 

these steps complied with the method described in the 

Association of Official Analysis Chemists International 

(AOAC) [32]. 
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The wet mango seeds are then arranged neatly on top of the 

weighing scale and allowed to dry just like the rest of the mango 

seeds on the racks inside the greenhouse-type solar dryer. The 

initial moisture content is already being taken from the same 

batch of mango seeds per instruction given above. This initial 

moisture content becomes M𝑜 which will be used in the 

succeeding equations. The weight at start W𝑜 is automatically 

recorded in the memory of the wireless weighing scale. When 

the batch is dried, it’s understood that the mango seeds on the 

weighing scale has also dried up and so is taken out with the 

rest. Run 2 will immediately commence with the same 

procedure. The mango peels and kernels are also dried on 

separate runs when available with the same consistency and 

arrangement as with the rest of the dried stuff inside the 

greenhouse-type solar dryer. In short, the ongoing factory 

process is never altered in the experiments, it was just on a 

different drying platform for the experimental samples. 

The weather outside was monitored 24/7 using the locally 

installed weather station and according to the following 

classifications: rainy, cloudy and sunny days. The local weather 

station uploads its real-time data to the internet. The link 

https://www.wunderground.com/personal-weather-

station/dashboard?ID=ICENTRAL95 provides a complete 

historical meteorological data from April 2016 to this day.  

 

2.6 Determination of moisture ratio and effective 

diffusivity coefficient 

Firstly, since the initial moisture content  M𝑜 is the only data 

available from the KERN moisture analyzer, the equation used 

by Banout et al. using M𝑜 and the initial weight W𝑜 and 

instantaneous weight W𝑡   was used to calculate the 

instantaneous moisture content M𝑡  [24]. 

M𝑡 = [(M𝑜 + 1) 
W𝑡

W𝑜
] – 1  (1) 

 

The moisture ratio (MR) was calculated using the following 

equation: 

MR = 
M−M𝑒

M𝑜−M𝑒
   (2) 

where M, M𝑒 and M𝑜 are the moisture content at any time, the 

equilibrium moisture content and the initial moisture content, 

respectively. Dissa et al. [15] discarded M𝑒 as it is too small 

compared to M𝑜 and M. Thus, using equation (1), we have the 

new equation: 

MR =  
M𝑡

M𝑜
          (3) 

 

The drying rate was obtained using the following equation: 

Drying rate (kg/h) =  
M(𝑡+ ∆𝑡)− M𝑡

𝑑𝑡
  (4) 

where M𝑡 and M(t+ ∆t) (kg water/kg dry matter) are the moisture 

content at time t and moisture content at time t + ∆t, 

respectively. 

 

Effective moisture diffusivity was solved from Fick’s second 

law: 

MR =  
8

π2  

∑
1

(2n−1)2   exp  
∞

n=1
(

−(2n−1)2 π2Deff t

4L2 )  (5) 

where L is the thickness of the slab sample, Deff is the effective 

moisture diffusivity, t is the drying time and n is a positive 

integer [12]. 

However, if the material takes a long time to dry [10] [21], 

Equation (5) becomes: 

MR = 
8

π2  exp  (− 
 π2Deff t

4L2 ) (6) 

Taking the natural logarithm on both sides we have: 

ln (MR) = ln 
8

π2 − ( 
 π2Deff t

4L2 ) (7) 

Equation (7) can now be plotted as a line showing the natural 

logarithm of the moisture ratio (y = ln (MR)) versus the drying 

time t , where the slope of the line is obviously m = 
 π2Deff t

4L2   and  

the y intercept is b = ln 
8

π2 . 

 

2.7 Curve fitting 

The curve fitting application in Matlab version R2013a was 

used to approximate moisture ratio data with respect to time. 

The empirical models were inputted via the custom equation 

box in the application. The variables were imported from an 

excel file and the app computed for the coefficients with 95% 

confidence following the Levenberg-Marquardt algorithm [22]. 

These coefficients were used to plot the respective graphs for 

moisture ratio over time. The goodness of fit indicators were 

also included in each calculation. The SSE, R2, adjusted R2 and 

RMSE were used to determine the best model that fits with the 

experimental drying curve of mango seeds. 

 

3. RESULTS AND DISCUSSIONS 

 

3.1 Introduction of experiments 

The experiments on mango drying were conducted from April 

2016 to February 2017 to maximize the number of days being 

monitored. The long experiment made sure that rainy, cloudy 

and sunny days were observed along with the variables being 

considered. The experiment involves 5 scales on different 

heights ranging from 1 to 5 feet or basically the current height 

of the trays inside the solar dryer and took into account the 

temperature, humidity, solar radiation and rainfall during the 

experimental period (refer to Figure 8).  

 

https://www.wunderground.com/personal-weather-station/dashboard?ID=ICENTRAL95
https://www.wunderground.com/personal-weather-station/dashboard?ID=ICENTRAL95
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Figure 8. The weighing scale with empty tray being 

calibrated at zero weight. 

3.2 Environmental conditions in the dryer 

The solar insolation received by the solar dryer was measured 

in W/m2 as per the specifications of the Davis Vantage Pro 2 

solar sensor which has a resolution of 1 W/m2. The first data 

on the weather station was recorded on April 16, 2016. Based 

on the weather data for 11 months, the average high 

temperature in the vicinity of the solar dryer was 32.48 °C 

while the average low temperature was 25.89 °C. The average 

high humidity was 90% and the average low was at 63%. The 

area around the solar dryer received a total of 2009.4 mm of 

rainfall (refer to Figure 9a and 9b).  

 

 

 

 

 

Figure 9a. The amount of rainfall during the entire drying runs. 

 

Figure 9b. Relative humidity and temperature outside the greenhouse-type solar dryer during the experimental period. 
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3.3 Mango seeds drying kinetics 

There were a total of 23 runs for the drying of mango seeds 

which occurred on April 25, 2016 to November 16, 2016 and 

the greenhouse-type solar dryer’s inside temperature was 

always greater than that of the outside temperature at any given 

day (refer to Figure 10). Of the many runs for mango seeds 

drying, the run on on June 3-4, 2016 was worth noting (refer to 

Figure 11). After 16.83 hours, the final moisture ratio based on 

equation 3 is 0.000648(M𝑜) having had an initial moisture 

content M𝑜 of 47% at the start of drying. With an initial weight 

(weight of water + weight of solid matter) of 3.514 kilograms, 

it was able to dry up 1.122 kgs of water. This particular run 

registered the fastest drying rate on scale #4 at 61.808 

grams/hour. When investigating which factors affected this 

behavior, the run with the least drying rate which was run #15 

done on the 30th of June was taken into account and having the 

slowest drying rate of 13.302 grams/hour (refer to Figure 12). 

Between these two runs, the difference between their average 

temperatures was just 1.3 °C and the difference between their 

average humidity was just 6%. However, when comparing the 

amount of sunshine which fell on these two runs, the run with 

the fastest drying rate had received an average of 1,028.733 

watts/hour of sunlight while the slowest drying rate received 

only 571.597 watts/hour. To be consistent with the 

environmental conditions during drying, all these 23 runs 

where started almost the same time at which each run started – 

at 6:00 PM. The drying times do differ with each scale for they 

are located on different levels, scale 2 is located 5 feet from the 

dryer floor, followed by scale 4 (4 feet), scale 3 (2 feet) and 

scale 1 (1 foot). The average drying time for scale 2 is 35.16 

hours, while scales 4, 3 and 1 have 39.39 hours, 54.09 hours 

and 63.59 hours respectively. The average drying rate for the 

23 runs of seed drying was 27.99 grams/hour. 

 

Figure 10. Comparative temperatures taken outside and inside the greenhouse-type solar dryer. 

 

 

Figure 11. The mango seeds’ drying run with the shortest recorded drying time during the 23-run experiment. 
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Figure 12. The mango seeds’ drying run with the longest recorded drying time during the 23-run experiment. 

 

3.4 Mango kernel drying kinetics 

There are 5 runs for mango kernel drying. It occurred from 

January 19 to February 8, 2017. The weather is almost similar 

on these 5 runs with average temperatures of 25.72 °C, 26.70 

°C, 27.39 °C, 26.40 °C and 26.29 °C for runs 1, 2, 3, 4 and 5 

respectively. Corresponding average humidity on these runs 

were 89%, 76%, 86%, 80% and 79%. The average solar 

radiation received during the 5 runs were 117.54 watts/hour, 

72.48 watts/hour, 105.52 watts/hour, 87.24 watts/hour and 

87.47 watts/hour. The average drying rate for scale 2 was 19.14 

grams/hour, scale 4 has 17.16 grams/hour and scale 3 has 11.97 

grams/hour. The small differences between the drying rates is 

also attributed to the screw press that grounded the mango 

kernels before drying in the solar dryer. The initial moisture 

contents are 53.86%, 51.81%, 51.22%, 51.31% and 54.18% for 

runs 1 to 5 respectively. But, there is still a notable variation 

brought about by the height of the scales being the average 

drying times which are 18.93 hours, 19.94 hours and 29.1 hours 

for scale 2, 4 and 3 respectively. And unlike the mango seeds 

drying which extracted more than 2 kilograms of water during 

the drying period, the mango kernels drying was only able to 

extract in the range 315.94 – 356.61 grams of water.  

 

3.5 Mango peels drying 

Scale 4 yielded a drying rate of 74.52 grams/hour on a 10.5 

hours of drying. Scale 2 had 33.97 grams/hour for 22.33 hours 

of drying while scale 3 had a drying rate of 15.77 grams/hour 

that took 50.67 hours to dry. All scales started on 

approximately 2 kilograms of mango peels. With an initial 

moisture content of 70.81 percent, the extracted water when 

dried was 782.48 grams, 758.58 grams and 799.13 grams for 

scales 4, 2 and 3 respectively. These reduction in weight is 

higher than that of the mango kernels and lower than the mango 

seed’s.  

 

3.6 Curve fitting and modeling 

The curve fitting of the 23 runs for mango seeds drying yield 

almost the same results with the top 3 models being 

Approximation of Diffusion model, the Page model and the 

model by Verma et al. This is applicable to any weather and 

any scale height. There are a total of 219 fittings and the fits 

were 60, 55, and 46 for Page model, Approximation of 

Diffusion (AOD) and Verma et al. respectively. The 

determinants for the goodness of fits R2 and RMSE were found 

to have averaged 0.936788, 0.073081 for AOD, 0.96291, 

0.056996 for Page and 0.92667, 0.0765249 for Verma et al. 

However, the AOD model came out with more clean fits than 

that of the Verma et al’s and the Page’s. A clean fit means that 

the coefficients where within 95% confidence bounds and the 

fitting completed all the calculations made by Matlab. A less 

clean fit means that the fitting was automatically stopped at a 

certain point during calculation when the best fit for a particular 

model has been reached.  

The mango kernel drying had 5 runs and the dominant model 

for this sample is the AOD model with 10 best fits, followed by 

Verma et al with 8 fits and the Page model with 7 fits. The AOD 

and Verma et al. model had 0.9851 and 0.02399 apiece for R2 

and RMSE. While the Page model had 0.97842 for R2 and 

0.028734 for its RMSE.  

The mango peels drying’s only run proved that the Page model 

was the best fit for peel’s drying (refer to Figure 13). For the 

Page model it had an R2 of 0.999452 and a corresponding 

RMSE of 0.008309. It was followed closely by the AOD model 

and the Two-term exponential model with 0.996264, 0.01774 

and 0.995414, 0.019581 respectively. 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0
.0

0

2
.1

7

4
.3

3

6
.5

0

8
.6

7

1
0

.8
3

1
3

.0
0

1
5

.1
7

1
7

.3
3

1
9

.5
0

2
1

.6
7

2
3

.8
3

2
6

.0
0

2
8

.1
7

3
0

.3
3

3
2

.5
0

3
4

.6
7

3
6

.8
3

3
9

.0
0

4
1

.1
7

4
3

.3
3

4
5

.5
0

4
7

.6
7

4
9

.8
3

5
2

.0
0

5
4

.1
7

5
6

.3
3

5
8

.5
0

6
0

.6
7

6
2

.8
3

6
5

.0
0

m
o

is
tu

re
 r

at
io

time in hours

Moisture ratio for run 15

Scale 2 Scale 4



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 22 (2018) pp. 15933-15943 

© Research India Publications.  http://www.ripublication.com 

15942 

 

Figure 13. The fitted curve of experimental mango peels’ moisture ratio and Page model. 

 

4. CONCLUSION 

The drying rate for the mango seed can reached as high as 

61.808 grams/hour and the slowest drying time is 92.167 hours. 

The drying rate for mango kernel can be as high as 20.16 

grams/hour while the slowest drying time is 40.5 hours. The 

mango peels can dry up to 74.52 grams/hour and its slowest 

drying time is 50.67 hours. The amount of moisture that can be 

dried by the solar drier is averaging 1427.01 grams, 780.06 

grams and 338.49 grams for seeds, peels and kernels 

respectively. On a scale to scale comparison, scale 2 can dry 

mango seeds at an average time of 35.16 hours, scale 4 for 

39.39 hours and scale 3 for 54.09 hours. For mango kernels, 

18.93 hours for scale 2, 19.94 hours for scale 4 and 29.1 hours 

for scale 3. For mango peels, 10.5 hours for scale 4, 22.33 hours 

for scale 2 and 50.67 hours for scale 3. 

Of the 14 empirical models that were fitted against the 

experimental data, the Page model was the most popular with 

the mango peels drying with 10 fits amongst the 15 possible 

combinations of scale heights. Approximation of diffusion 

model fits with the data for mango seeds and kernels 

respectively. This variation is attributed to the differences in 

temperature and relative humidity caused by unpredictable 

weather conditions during the experiment. 

From the computed effective diffusivity coefficients, we can 

deduce that there is an increased diffusivity with an increase in 

temperature during sunny days. An increase in tray height 

which means the product is near the source of radiation which 

dries it, also increases the effective diffusivity. 

The wireless weighing scale proved to be an effective tool in 

collecting the reduction of weight though there are many more 

improvements that can be done to make the data collection as 

robust as possible. In the end, this device is cheap and is the 

best alternative in the manual moisture content analysis in an 

extreme drying environment like this greenhouse-type solar 

dryer. 
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