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Abstract 

Drying parameters for dryers are needed to be carefully examined not only to preserve 

the products but also to have a positive impact on the product qualities. The present study 

aimed to dry mango pulp in batch window refractance dryer (BWRD), and to evaluate the 

thermal performance of the dryer and the qualities of the dried mango. The performance 

of the dryer was tested at a water temperature of 75°C, 85°C, and 95°C and the thickness 

of mango pulp were maintained as 1mm, 3mm, and 5mm. 3*3 full factorial with 

complete randomized design (CRD) was considered for the study. The physicochemical, 

microbial quality and sensorial evaluation of the dried mango was performed for each 

treatment using standard testing procedures. Freeze dried mango sample were used for 

fresh mango pulp physicochemical analysis. Furthermore, thin layer drying kinetics 

modeling of mango pulp was studied to predict the drying kinetics. In addition, the 

carotenoids, flavonoids, phenolic and vitamin C of mango were quantified using UV-

Spectrophotometer. The result showed that drying time was increased with thickness of 

mango pulp to reduce the initial mango moisture (82.02%) to safe storage moisture (9. 

07%).  In addition, drying time required for BWRD to reach an equilibrium moisture 

content for 5mm (9.13 ± 0.55) was higher than that of 3mm (7.47 ± 1.09) and 1mm (5.86 

± 0.17) thickness and thus affected the overall energy efficiency of the dryer and led 

reduced in average of 76.82% to 18.32% and physicochemical properties of mango 

leather product also affected. Better retention of total carotenoids, phenolics, flavonoids, 

and vitamin C were showed in lower thickness 1mm and at lower temperature 75ºC and 

obtained 96.27%, 63.45%, 63.92% and 51.55% respectively relative to their fresh mango 

pulp. Microbial analysis of mango leather showed that the product exhibited the safe 

level for consumption after drying. The sensorial result obtained also indicated that dried 

samples using BWRD were in acceptable range. Drying mango pulp took long period of 

time in the failing rate period and from the fitted thin layer drying models Page model 

was found the best fitted model. 1mm at 75ºC recommended for better retained 

physiochemical property of mango leather and for better energy efficiency of the dryer. 

Keywords: drying techniques, window refractance dryer, mango pulp, physicochemical 

properties, sensory quality, and microbial quality. 
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CHAPTER ONE 

1. Introduction 

1.1. Background 

Post-harvest loss is one of the concerns of food security and global hunger in many 

countries, one-third of food produced is lost or wasted globally. Fruits and vegetables are 

highly perishable biological materials contributed to the higher food waste compared to 

other commodities (Nora et al., 2017). Raw food products have a wide range of moisture 

content, as low as 25 – 35% in grains to as high as 90% or more in some fruits, which 

needs to be reduced to a low enough value to avoid biochemical activity and microbial 

growth (Taylor et al., 2011). Globally, the amount of fruit and vegetable losses reaches 

up to 50%, reducing fruit and vegetable loss and waste is the leading issues for providing 

sustainably feeding the world’s population in the future (Elik, 2019).  

In Ethiopia, post-harvest losses of horticultural crops estimated for about 15 – 70% at 

various stages (Urge et al., 2014).The major stages of postharvest losses in fruits and 

vegetables are occur during the harvesting and handling, transportation, storage, 

processing, distribution and consumption stages (Emana et al., 2017; Elik, 2019). 

Available storage technologies such as refrigeration and controlled atmospheres storage 

are expensive as they need continuous energy for system operation throughout the whole 

supply chain. Accordingly, the use of drying techniques is being encouraged as it reduces 

the postharvest losses (Hasan et al., 2019).  

It is reported that 20% of perishable products around world are dried using different 

drying technologies to extend the shelf life, for ensuring food security and safety (Calín-

Sánchez et al., 2020). The main purpose of drying is to reduce the moisture contents and 

extend the shelf life of the products, to prevent microbial growth and other detrimental 

chemical reactions in the food materials (Sagar, 2010; Menon et al., 2020). The overall 

advantages of drying is to make the food out of season accessibility, reduced packaging, 

storage, handling and transportation costs (Jin et al., 2017). 

The main disadvantage related to the drying techniques are the energy consumption, as it 

is energy-intensive processes. It accounts from 12 to 20% of the energy consumption in 
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the industrial sector (Raghavan et al., 2005). Another concern is the product quality in 

terms of nutritional, bioactive compound and sensorial aspects (Nindo and Tang, 2007). 

The effect of drying on nutritional retention is the major criteria on the evaluation and 

selection of a drying methods (Sharma and Edwards, 1999). Food products need to be 

dried in a different way using an appropriate dryer type and by using suitable pre and 

post-processing to gain a satisfactory value addition to the dried product (Taylor et al., 

2011).  

Mango (Mangifera indica L.) is a popular tropical fruit which is consumed both as fresh 

and in processed forms. It is known as the king of the fruits due to its excellent flavor, 

delicious taste and high nutritive values, that makes the crop valued for nutritional 

security, especially for developing countries like Ethiopia where the realization of food 

and nutritional security is still challenge (Neguse et al., 2019). The mango flash is rich in 

phytochemicals such as carotenoids, flavonoid, and polyphenols. It is also a good source 

of organic acids such as citric acid, oxalic acid, malic acid, ascorbic acid (vitamin C) and 

tartaric acid (Siddiq, 2017). 

The consumption of mango has several health benefits and it includes anti-cancer, anti-

diabetic, anti-microbial, anti-hyperlipemic, antioxidant, and anti-inflammatory activities 

(Tewodros, 2014; Chay et al., 2019). It also improves cardiac health (Lo’Ay et al., 2021). 

Mango fruits are increasingly being processed into products such as dried mango slices 

and leathers as a layer, which have a longer shelf life and thus ensure year-round 

availability of mango in various forms (Appiah et al., 2011; Shende et al., 2020). Mango 

leather is a flexible product and have a sheet like structure and consumed as dessert or 

snack food (Sarkar and Chakraborty, 2018). 

Ideally drying technologies have many advantages; of which producing new products 

with safer operation, higher capacities, and better product qualities, and also less 

environmental impact, higher energy efficiency and lower cost (Taylor et al., 2015). 

Among the recent drying techniques, window refractance drying process is classified in 

the fourth generation of drying methods. It was firstly invented and patented by Richard 

Magoon (Shende and Datta, 2018). Currently, window refractance dryer is widely 

applicable for drying fruits and vegetable pulps, purees, slices, juice, and other heat 
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sensitive products in to smooth and flakey shape (Baeghbali et al., 2010; Martinez, 

2015). It is working on the principle of heat transmittance from boiling water to moist 

products (Minuye, 2021). In the current study, window refractance dryer was tested for 

the drying of mango pulp and the overall quality parameters of the dried mango leather 

was investigated. 

1.2. Statement of the Problem  

The postharvest loss of mango fruit in Ethiopia is estimated to be 25 – 40% due to 

various problems related to harvesting, handling, transportation and storage (Hailu, 

2016). Mango fruit is only stored after harvesting up to 21 days under ambient condition 

at temperature of 25±2.6°C and relative humidity of 66±11.8% (Ayele et al., 2012). 

Various fruits including mangoes have a moisture content of more than 70%, and this 

makes the produce vulnerable to mechanical damage and microbial decay in a short 

period after harvesting. This leads to a high percentage of postharvest losses. Thus, 

lowering the moisture content of mango is critical for reducing postharvest loss and 

extending its shelf life.  

To contribute in post-harvesting loss reduction of fruits and vegetables, the Melkassa 

Agricultural Research Center (MARC) of the Ethiopia Institution of Agricultural 

Research is currently working on modeling various agricultural machineries. Among, 

batch window refractance dryer is the one, which is applicable for drying of fruits and 

vegetable products. However, the drying process of mango products as a function of 

dryer temperature and mango pulp thickness related to their nutritional, physicochemical 

and sensorial qualities were not studied yet. Thus, the main aim of this study was to 

investigate the drying performance of the batch window refractance dryer for the drying 

of mango pulps. In addition, the effect of this dryer on the physicochemical properties, 

sensorial qualities and microbial load of the dried mango were investigated. 

1.3. Objectives 

1.3.1. General objective 

The general objective of this study was to study the drying of mango pulp in batch 

window refractance dryer (BWRD), dryer performance and product quality Evaluation.  
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1.3.2. Specific objectives 

The specific objectives of this study were;  

 To evaluate the effect of batch window refractance dyer temperature and mango 

pulp thickness on the performance of batch window refractance dryer.  

 To evaluate the effect of batch window refractance dryer temperature and mango 

pulp thickness on the physicochemical properties of dried mango pulp. 

 To examine the effect of batch window refractance dryer temperature and mango 

pulp thickness on the microbial and sensorial qualities of dried mango pulp. 

 To select the best fitted thin-layer drying model for batch window refractance 

dryer for the drying process of mango pulp. 

1.4. Significant of the Study 

This study was believed to contribute significantly in reducing the postharvest losses of 

mango fruits in Ethiopia by producing quality mango leather.  This addresses the 

nutritional concerns and safety that consequence on the livelihood of the society. 

Producers loose considerable amounts of mango fruits annually due to the lack of 

appropriate processing and preservation technologies. This study will be useful for all 

fruits producers, especially for mango fruits through assessing the drying characteristics 

in the technology of batch window refractance dryer. The outcome of this study leads the 

dryer able to be applicable for different fruits. In addition, it will help for ensure 

availability of mango during offseason, produce diversification of mango products, 

reduce the postharvest loss and increasing the shelf-life of the products and increase 

income generation for produces and small-scale mango processing enterprise. 

1.5. Scope of the Study 

The extent of this research endeavor was to evaluate the performance and drying effects 

of window refractance dryer in different temperatures and mango pulp thicknesses. The 

nutritional, physicochemical, sensorial and microbial characteristics of the dried mango 

leather were evaluated to select the best drying temperature and thickness for drying 

mango pulp. Data were statically analyzed using R studio software and the drying curve 

fitted with available models was identified to determine the model that represents the 

drying process. 
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CHAPTER TWO 

 2. Literature Review 

2.1. Production and Utilization of Mango Fruits  

Mango is a native to the south Asia from where it was distributed worldwide to become 

one of the most cultivated fruits in the tropics (Yadav and Singh, 2017). Depending on 

the cultivar, mango fruit varies in size, shape, sweetness, skin color and flesh color which 

may be yellow, gold or orange (Soliman et al., 2019). Mango is widely produced in frost 

free tropical and sub-tropical climates, and more than 85 countries cultivate mangoes. 

The total production area of mango in the world is around 3.69 million hectares (Chay et 

al., 2019) and the total amount of mango production in the world was around 35 million 

ton by the year 2009. Asia accounts for approximately 77% of global mango production, 

and America and Africa account for the remaining 23% (Schieber, 2010).  

 
Figure 1. World top 10 mango producer countries by 2015 Kemal et al., (2018). 

According to CSA (2020) reports, in Ethiopia about 161,470.82 hectares of land is 

utilized for fruit crops production out of the total cropland area under small peasant’s 

holders. Major fruits produced in 2019/2020 meher season 63.30%, 17.29%, 10.66%, 

5.07% and 2.81% for banana, avocado, mango, papaya and oranges respectively. A total 

of 69,743.39 tons of mango is produced from 12,799 hectares of land CSA (2015). Over 
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the last ten years; from 2003 to 2013, mango production and area coverage both 

increased by 208.4 and 247%, respectively (Tewodros, 2014; Chay et al., 2019).  

  Table 1. Mango production in region state of Ethiopia Honja, (2014). 

Region Area in hectare Production in quintal Productivity (%) 

Tigray 118.20 – – 

Amhara 246.85 10,408.67 42.17 

Afar – – – 

Oromia 3.789.47 284,065.79 74.96 

Somali 33.52 3,766.26 112.66 

Benishangul-Gumuz 652.56 51,411.10 78.78 

S.N.N. P 3,375.89 343,910.27 101.87 

Gambelia 180.41 – – 

Harari 367.24 331.69 0.90 

 

2.2. Nutrition Compositions of Mango Fruits 

Mango fruits has a delicious taste (delightfully blended sweetness and acidity), aroma, 

and high nutritional value. Mangoes can be differentiated in to three parts: pulp 

(mesocarp), peel (epicarp), and seed kernel (endocarp). The mango fruit is an important 

source of macronutrients such as carbohydrates, lipid and fatty acids, protein and amino 

acids, and organic acids (Maldonado-celis, 2019). Starch is the principal carbohydrate in 

green mango; during maturation, it converts to reducing sugars (sucrose, glucose, and 

fructose). Along with these carbohydrates, small quantities of cellulose, hemi-cellulose, 

and pectin are present in ripe mango (Owino and Ambuko, 2021). The energy value for 

100g of the pulp ranges from 60 to 190 kcal, being an important fruit for the human diet 

(Maldonado-celis, 2019). 

Mango fruit also has micronutrients such as vitamins and minerals and non-nutrients 

compound such as phenolic compounds, flavonoids and other polyphenols, chlorophyll, 

carotenoids, and volatile compounds (Maldonado-celis, 2019). Antioxidants are very 

significant human diet component, scurvy prevention, inorganic iron absorption, and 

immune system enhancement. Ascorbic acid act as an antioxidant and therefore, offers 
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protection against oxidative stress-related diseases. (Schieber, 2010;Canterbury, 2011). 

The antioxidants substances can prevent from oxidation damage of lipids, proteins and 

nucleic acids by reactive oxygen species and phytochemicals are also compounds that can 

act as free radical scavengers to help eliminate the highly charged oxygen molecules that 

are byproduct of metabolized oxygen. The polyphenols, vitamin C, A and E the most 

abundant antioxidants found in the fruit and carotenoids to lesser extent in some fruit but 

higher amount found in mango fruit (Yu et al., 2016 ; Nixwell et al., 2013; Diplock et al., 

1998).The major losses in nutrients and different substances arise because of water 

solubility, mass transfer, temperature sensitivity, and enzymatic oxidation in the sequence 

of processing (Taylor and Sablani, 2007). 

Table 2. Proximate, minerals and vitamins composition of mango fruit in 100g of juice 

Zafar and Sidhu (2017). 

Proximate Minerals Vitamins 

Water  83.36g Calcium 11mg Vitamin C 36.4mg 

Crude protein 0.82g Iron 0.16mg Vitamin A 1082IU 

Crude fat 0.38g Magnesium 10mg Riboflavin 0.038mg 

Crude fiber 1.6g Phosphors 14mg Niacin 0.669mg 

Total ash 0.36g Potassium 168mg Pantothenic acid 0.197mg 

Carbohydrate 14.98g Sodium 1.0mg Thiamin 0.028mg 

Sugars total 13.66g Zinc 0.09mg Folate 43µg 

Energy 60 kcal Copper 0.111mg Vitamin B6 0.119mg 

  Manganese 0.063mg Vitamin K  4.2µg 

  Selenium 0.6µg Vitamin E  0.9mg 

 

2.3. Postharvest Loss of Mango Fruits  

Horticultural crops are different from other field crops like cereals and pulses with 

respect to certain characteristics which makes them high perishable and resulting huge 

post-harvest loss; due to their high moisture content which ranges from 60 to 95%, soft 

texture and unit size 5g to 5kg (Sab et al., 2017). According to Feed the Future Ethiopia 

(2015) and African Union Commission (2018) reports, globally one third of food 
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produced for human consumption is lost, approximately 1.3 billion tons of food each year 

which worth nearly one trillion US dollar. 

In Ethiopia perishable horticulture commodity loss including fruits and vegetables, and 

recently estimated to be 15% to 70% (Emana et al., 2017). Studies conducted by Hagos 

(2014) on seven fruit and vegetable crops (tomato, cabbage, onion, potato, mango, 

banana and avocado) showed that total average postharvest losses range from 14 to 60%. 

This  related to various level such as  harvesting, sorting, cleaning, handling and 

packaging, transportation, storage, distribution or marketing and processing problems 

(Etefa et al., 2022).  

A study conducted by Gutema and Tadesse (2022) in the assessing of post-harvest 

handling of mango fruits in Omo zone, southern Ethiopia reported that the major factor of 

post-harvest losses found from respondents at producer level were pest attack, 

mechanical damage during harvesting, damage during transporting, poor packaging 

material, poor storage condition and market conditions. In Ethiopia, the post-harvesting 

management system where unsatisfactory, and tremendous efforts such as infrastructure 

establishment, fruit processing and capacity development are required throughout the 

country to reduce the postharvest losses (Etefa et al., 2022). 

2.4. Drying Technology  

Drying is a well-known method of free water removal and preservation, extending shelf-

life, and decreasing transportation weight and space requirements for storage. Traditional 

sun drying methods are most commonly performed around the world using sunlight or 

solar dryers. Nowadays, drying technologies has become more sophisticated and complex 

as it uses a lot of equipment and drying parameters which are carefully examined and 

optimized at every stage of the process (Mohammad, 2020). Drying methods not only 

preserves the product but also can have a positive impact on the qualities (Calín-Sánchez 

et al., 2020). Energy-efficient drying technologies can often offer additional benefits, 

such as quality improvement, increased productions, and increase process efficiencies, all 

of which can lead to productivity gains (Worrell, 2007).  

According to Vega-Mercado (2001) the development of drying technologies are divided 

in to the four generations, but among them, 85% of dryers are based on the convection 



9 

 

methods with hot air or combustion gas as a heat transfer medium. The first-generation 

drying technologies are mainly using the air flowing methods around the product to 

remove the moisture from the surface of materials, and they are suitable for the drying of 

grains, slices and chunks. Tunnel dryer and rotary flow conveyer are among the first-

generation drying technologies. The second-generation drying technologies are designed 

for liquids, slurries, purees, and widely applied for food processing industries. Spray 

dryers, fluidized bed dryer, drum dryer and roller dryer are some examples of second-

generation drying technologies. 

The freeze and osmotic drying technologies are the two examples of the third-generation 

drying technologies that are used in the food industrials to improve the structural and 

quality problems. The fourth-generation drying technologies are the latest development in 

the dehydrations industries including high vacuum, microwave, radiofrequency, and 

window refractance dryers (Vega-Mercado, 2001; Trivedi et al., 2017). 

2.5. Thin Layer Modeling of Drying Process  

Thin layer drying generally means to dry as one layer of sample particles or slices under 

constant drying conditions (Akpinar et al., 2006). Several mathematical models have 

been developed which are describing the drying process for various agricultural products 

depending on product type, pretreatments, drying parameters, and drying methods 

(Delgado, 2016). In the development of thin layer drying models for agricultural 

commodities, the moisture content of the product is measured at specified time interval 

after it has been subjected to a constant relative humidity and temperature conditions, and 

then correlated to the drying parameters (Ertekin and Firat, 2015).  

The models used for thin-layer drying are mainly empirical, theoretical, and semi-

theoretical types. The most widely used theoretical models are derived from Fick’s 

second law of diffusion. Similarly, some semi-theoretical models are generally derived 

from Fick’s second law and modifications of its simplified forms while others are derived 

by analogues with Newton’s law of cooling (Saravanan et al., 2018).  
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Table 3. Thin-layer models for drying of fruit and vegetables in the literatures 

Where: MR=moisture ratio (dimensionless), t=drying time (min), k1, k2, k3=empirical 

coefficients in the drying models (h-1), a, b, and c=model coefficients or empirical 

constants in the drying models, n=number of terms of the equation. 

2.6. Energy Efficacy of Dryers 

Drying is an energy-intensive unit operation used for removing moisture from the food 

materials. It has been reported to account for anywhere from 12 to 20% of the energy 

consumption in the industrial sector (Raghavan et al., 2005). The minimum energy 

requirement for drying moisture-laden sliced crops like tomatoes, apples, carrot, mango, 

and cucumber etc. were found to vary between 4.22 and 24.99 MJ/kg water removal 

(Nwakuba et al., 2016). Wang (2014) reported that around 57% of the primary energy 

inputs into the whole industry are lost before reaching intended processing activities. 

Estimates from the several studies indicate that on average, savings of 20 – 30 % energy 

can be achieved without capital investment using only procedural and technological 

changes.  

No. Model Name   Models References  

1 Newton  MR= exp(-kt) Hany (2012) 

2 Page MR=exp(-Ktn) Shende et al. (2019) 

3 Modified page (I) MR=exp(-(kt)n)  Vega et al. (2007) 

4 Henderson and Pabis MR=aexp(-kt)  Ghodake et al. (2006) 

5 Logarithmic MR=aexp(-kt) +c Akinola and  Ezeorah 

(2019) 

6 Two-term  MR=aexp(-k1t) + bexp(-k2t) Doymaz (2005) 

7 Two-term exponential MR =aexp(-k1t)+(1– a) exp(-

k2at) 

Sacilik (2007) 

8. Midilli and others models MR= aexp(-kt)+bt Darvishi et al. (2014) 

9. Wang and Singh MR=1+ at+bt2 Omolola et al. (2014) 

10. Diffusion approach MR=aexp(-kt)+(1-a)exp(-

kbt) 

Jafarifar et al. (2017) 
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2.6.1. Window refractance dryer 

Window refractance dryer is a novel drying technique in which the material to be dried is 

placed on a thin plastic sheet and, the plastic sheet is heated below 95 – 98℃ temperature 

(Martinez, 2015). Refractance window technology uses a hot water at atmospheric 

pressure as a means to carry thermal energy to the material that has to be dried. This 

technology involves placing the pulpy wet products with the uniform thin layer on the top 

surface of an infrared transparent plastic sheet known as Mylar, a polyester film (Bernaert 

et al., 2018). The plastic membrane’s surface and the water in the material creates a 

window that allows the passage of infrared energy through the materials. The thermal 

energy from the hot water is conveyed to the material deposited as a thin film on a plastic 

Mylar (Baeghbali et al., 2010).  

The temperature during the drying process of the product is usually in between 70℃ to 

80℃. Evaporates from the products are removed by an exhaust system. During the drying 

process, the temperature is controlled by an electronic thermostat and energy 

consumption is measured by an energy meter (Baeghbali et al., 2018). The window 

refractance dryer is currently a relatively new drying methods and categorized as batch 

and continues types. This technology differs from others in that as it improves the fruits 

nutritional value and sensorial qualities of the dried products (Martinez, 2015). 

2.7. Drying Process Effects on Product Qualities  

Drying operation is one of the most practical methods for the preservation of agricultural 

and food products (Ali et al., 2015). The main purpose is to reduce the moisture contents 

of the produce to eliminate unfavorable biological processes such as the growth of 

microorganism, germination, insect infestation, chemical and enzymatic reactions (Sagar, 

2010). , this results product stability. Drying also leads to a significant reduction in 

volume of the produce which makes transport and storage system easier (Shende and 

Datta, 2018). 

2.7.1. Physicochemical property  

The status of the fresh fruits at harvest can have a meaningful effects on the product 

appearance, and affects storage potential of the dried products (Nyangena et al., 2019) 
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Mango fruit maturity has been correlated with various physical characteristics like skin 

color, shape, size, shoulder growth and firmness but inconsistency in these parameters of 

mango varieties restricted it uses as a criterion to predict maturity (Jha et al., 2007). 

Chemical parameters like total soluble solids contents, titratable acidity, starch, phenolic 

compounds, carotenoids, dry matter content has been used to determine maturity mango 

fruit. Also they are play a significant role in the functional properties and application of 

the food ingredient and important for the processing, storage, and quality of food (Apea-

Bah et al., 2011; Islam et al., 2013; Abe-Inge et al., 2018).  

Drying of agricultural products like mangoes undergoes a change that reduces the quality 

of the product compared to the fresh raw material (Taylor and Sablani, 2007). Physical 

appearance of products is the first-quality parameter that is observed by consumers. Often 

consumers will accept or reject dried products based on the color of its surface (Menon et 

al., 2020). The color of the dried products often becomes matte and pale compared to the 

fresh material (Siswantoro, 2019). The water loss and the heating during drying cause 

stress in the cellular structure of fruits and vegetables, resulting in changes in shape, 

volume loss, shrinkage and increased hardness (Barragán-iglesias et al., 2018). 

The stability of phytochemical compounds with their antioxidant activity is influenced by 

many factors including raw material types, temperature, and processing time and are 

sensitive for heat and oxidation. Low oxygen and moisture content during storage are 

also factors that prevent further degradation during storage (Fellows, 2009;Canterbury, 

2011). Although the antioxidants are mostly retained during drying, it is essential to 

know the retention of the antioxidant capacity for each drying technique in order to 

choose the right type of drying technologies that leads to the high-quality of dried 

products (Lehkoživová et al., 2009). The utilizing of novel drying technologies with 

improved and optimized existing drying methods are essential to maximize product 

quality attributes such as structure, color, flavor, and nutrition etc. (Bon et al., 2010). 

2.7.2. Microbiological and sensorial analysis 

Despite the fact that food has always been a requirement for humans, it can still be a 

cause of bacterial and fungal illnesses (Yoon and Kim, 2012). The usage of fresh and 

sliced ingredients will allow the exudates to support microbial development during 
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storage, which could have a detrimental impact on the product’s shelf-life quality and 

provide a safety threat (Mangga, 2019). Drying technologies are mainly evaluated for 

their performance to reduce water activity and maintaining good sensorial quality of the 

dried products. However, dried products are often consumed or used as ingredients in 

many ready-to-eat foods, therefore it needs attention to the microbiological quality and 

safety aspects (Li et al., 2016). 
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CHAPTER THREE 

 3. Materials and Methods 

3.1. Sample Collection and Preparation 

Largely produced local variety of mango that coded (N1) samples with average of total 

soluble solid content 15.10±0.10 ºbrix were harvested from the Melkassa Agricultural 

Research Center. Sound, fresh and defect free mango sample were selected for the 

experiment. The collected mango samples were washed, dried using towel to remove the 

superficial fluids and stored in a refrigerator at 12°C. Then, mango samples were taken, 

rinsed with the tap water, peeled and sliced using kitchen slicer. The sliced mango 

samples were juiced using blender (PHILIPS, Model-HR2094, China) until uniform pulp 

was obtained.  

3.2. Experimental Location 

The experiment was conducted at Melkassa Agricultural Research Center (MARC) of the 

Ethiopia Institute of Agricultural Research (EIAR). It is geographically located at the 

central rift valley of Ethiopia, at latitude of 8˚24’N, longitude of 39˚21’E and at altitude 

of 1,550 meters above sea level. The drying process of mango pulp, proximate 

compositions, sensory, microbial, and physicochemical properties of the dried mango 

leather were conducted at the food science, nutrition and microbiology laboratories of 

EIAR. Water activity and crude fiber content were analyzed at Food Chemistry 

laboratory of Bahir Dar Institute of Technology, Faculty of Chemical and Food 

Engineering. 

3.3 Description of the batch window refractance dryer (BWRD)  

The BWRD has water bath covered with a 0.25mm thickness and transparent 

polyethylene terephthalate (PET) mylar plastic film, that has 5000cm2 surface area. 

Mylar plastic film is preferred because of its great tensile strength, solvent resistance, 

chemical and thermal/heat stability. The instrument has a cross-sectional volume of 50cm 

x 100cmx 10cm and it can carry up to 20 liters of water. Metal brackets were used to hold 

the PET mylar plastic film to make in contact with the water. The water in the bath was 

heated using a thermostatically controlled electric immersed heater and the water 
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temperature consistency was controlled using digital temperature controller. The dryer 

had an outlet on the top which aid the removal of moist air from the drying surface. The 

draft of air and an outlet also used to reduce the humidity above the dryer and ensures 

that the moist air was not inhabit the drying process. 

 

Figure 2.Batch type window refractance dryer made in MARC. 

 

3.4. Drying of Mango Pulp 

The extracted mango pulps were dried using the batch type window refractance dryer. 

The mango pulp was placed on the top of PET mylar plastic film of BWRD with the 

uniform pulp thickness layer. The thickness of the pulp was that maintained using 

stainless steel blade. The temperature of the dryer was adjusted at three different levels, 

75°C, 85°C, and 95°C. In addition, the thickness of the pulp was maintained at 1mm, 

3mm, and 5mm during the drying process. The extracted mango pulp samples were also 

dried using a laboratory size freeze dryer (SCIENTZ-10N, CHINA) for psychochemical 

analysis of fresh mango pulp as a control sample. Then drying experiment was terminated 

after maintaining the safe storage moisture content (< 10% w.b.) by the dried mango. the 

dried mango leather from the two dryers were cut, packed, labeled, and stored in a 

refrigerator at 4℃ (TILBURG, Model-EC00-071, HOLLAND) till the next 

physicochemical and microbial experimental analysis were conducted. The sensorial 

analysis of dried mango was performed by cooling the mango leather to room 



16 

 

temperature after the drying experiment. The overall flow diagram for mango leather 

production is presented in Figure 3 below.  

 
Figure 3.Processing flow diagram for mango leather production. 

 

3.5. Experimental Design 

The experiment was studied by full factorial experiment using complete randomize 

design (CRD) arrangement. The factors were water temperature (75°C, 85°C, and 95°C) 

and thickness (1mm, 3mm, and 5mm) with a total of 3*3 treatments. Freeze dried sample 

was used for fresh mango pulp physiochemical analysis as a control and the treatments 

were run in triplicates.  
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3.6. Data Collection 

3.6.1. Dryer Thermal Performance Evaluation 

3.6.1.1. Drying rate 

The drying rate of mango pulp was determined by following the procedure that presented  

by Kamwere (2017). The mango pulp was poured on to window refractance dryer plastic 

sheet (mylar). The mango pulp that was placed in dryer maintained at uniform pulp layer 

thickness of 1mm, 3mm and 5mm. Representative samples were taken at every 10 mins 

interval during the drying process for the study of the drying rate of the dryer.  Samples 

were placed in to the petri dish with partially covered lid and transferred to the 

desiccators to cool the sample temperature to room temperature. After cooling samples 

were placed in an oven at 105°C for 24 hr. after taking its weight (weight of sample and 

the petri dish) as an initial weight. Then after samples removed from the oven, cooled in 

the desiccator and reweighted. This process was continued in 10 mins interval until 

constant weight is maintained. Drying rate was calculated using the following equation. 

Drying rate=kg of water/kg of solid*hr.---------------------------- (1) 

3.6.1.2. Dryer overall efficiency 

The overall energy efficiency of the batch window refractance dryer  were calculated as 

described by (Baeghbali et al., 2015). Total energy consumption at each test was 

measured after the water temperature reached at 75°C, 85°C and 95°C. The electrical 

energy utilized for the dryer are measured using voltage meter by connecting in to the 

power cable of immersed heater (that heat the water). Energy efficiency (EE) of each 

drying experiment done while evaluating the ratio of the energy needed for dehydration 

of 1mm, 3mm, and 5mm mango pulp samples. The latent heat of vaporization for 

selected temperatures 75°C, 85°C and 95°C which was 2320.5 kJ/kg, 2295.25 kJ/kg, and 

2243.29 kJ/kg were adopted from the Singh and Heldman (2014) and the specific heat of 

mango which was 3.74 kJ/kg °C taken from Sanford (2021) work. The energy efficiency 

was calculated using the following equations: 

QT = (mc∆T) +(mvLv) ------------------------------------------------ (2) 

Qm=Voltage x Current x Time (sec.)/Distance travel x 1000----(3) 
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EE=QT/QM --------------------------------------------------------------(4) 

Where; m=mass of sample, C=specific heat of the sample, ∆T= Temperature difference, 

Lv =The latent heat of vaporization in RW, EE= is overall drying efficiency of the dryer. 

QT =Total energy needed for drying 1kg of mango pulp sample and QM =Measured 

energy consumption by voltage meter. 

3.6.2. Proximate Composition Fresh and Dried Mango 

The proximate composition of dried mango leather was analyzed following the AOAC 

(2006) standard procedures and the carbohydrate content was calculated by difference 

methods.  

3.6.2.1. Moisture content  

The moisture content of fresh and dried mango sample was determined using the official 

method 925.9. A clean aluminum dish was dried for one hour in a hot air oven 

(Thermostatic Drier, Model-202-OA, CHINA) at 105°C, then cooled in a desiccator and 

weighed (W1). In the aluminum dish (W2), approximately 2.0g of sample was weighed 

and dried at 105°C for 24hrs. and 3 hrs. for fresh and dried mango sample respectively 

until constant weight achieved. Then it was reweighed after cooling in desiccators to 

room temperature (W3). The moisture content in percentage was calculated using the 

following equation. 

Moisture content (%) =
W2−W3

W2−W1
x 100-------------------------------------(5) 

Where: W1= weight of the aluminum dish (g), W2= weight of the sample and aluminum 

dish before drying (g) and W3= weight of the sample and aluminum dish after drying (g). 

3.6.2.2. Crude protein 

The crude protein content of the mango sample was determined by the Kjeldahl method 

following the official method 979.09. Three grams of sodium sulphate was used as a 

catalyst mixed with copper sulphate in a 10:1 ratio and 5 ml of concentrated sulfuric acid 

were added to the digestion flask. The mixture was digested on Kjeldahl block digester 

(Kjeldatherm, Gerhardt, GERMANY) at 370°C for about 4hr until a clear solution was 
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found. Then, the digestion flask was allowed to cool in a fume hood. After it was cooled, 

25 ml of distilled water was added and shaken using vortex mixer (Fisher Scientific, 

USA) to avoid precipitation of sulfate in the solution. 

The digested and diluted solution was transferred into the sample compartment of the 

distiller (Büchi, Model-B339, SWITZERLAND). About 40 ml of 40% sodium hydroxide 

solution was added to the compartment and washed down with a small amount of water 

and the steam switched on. When distillation proceeds the vapor was captured by 2% 

boric acid solution 25 ml in conical flask containing two drops of mixed indicator (20 ml 

of bromocresol green and 4 ml of methyl red). The distillation process was continued 

until a total volume distillate reached between 200 ml and 250 ml. Then, the distillate 

was titrated using a standard sulfuric acid having normality of 0.1 until reddish color 

appeared. The percent of total nitrogen was calculated using the equation below and the 

percent of crude protein was determined from the percent of total nitrogen using 6.25 

conversion factor. 

Total nitrogen (%) =
(V−Vb) x N x 0.014

W
x 100-------------------------------------(6) 

Crude protein (%) =  % Total nitrogen x 6.25-------------------------------- (7) 

Where: V= volume of the sulfuric acid consumed to neutralize the sample (ml), Vb= the 

volume of the sulfuric acid consumed to neutralize the blank (ml), N= normality of the 

sulfuric acid (0.1), and W= weight of the sample on dry basis (g). 

3.6.2.3. Crude fat 

The crude fat content of the mango samples was determined following the official 

method 4.5.01. A clean aluminum extraction cup was dried in hot air oven (Thermostatic 

Drier, Model-202OA, CHINA) at 105°C for 1 hr. Then cooled in desiccators and the 

weight determined (W1). About 2.0g of sample was weighed (W) on electronic balance 

(Model-Ja2103, CHINA) and added into the thimble, covered with fat free cotton and 

then inserted into the condenser’s unit. The extraction cups were fixed using the cup 

holder to mate to the condensers. Then, the cups were loaded with 50 ml hexene and 

extracted for about 70 mins in a Soxhlet extraction unit (SoxtecTM 800, FOSS Tecator, 

Sweden). After the completion of extraction, the solvent was automatically recovered and 



20 

 

the extracted fat was dried in hot air oven (Thermostatic Drier, Model-202OA, CHINA) 

at 105°C for 30 mins, then cooled using in desiccators and weighed (W2). The crude fat 

content was calculated using the equation below. 

Crude fat (%) =
W2−W1

W
x 100--------------------------------------------------- (8) 

Where: W1= weight of the extraction cup (g), W2= weight of the extraction cup and the 

dried crude fat (g) and W= weight of the sample on dry basis (g). 

3.6.2.4 Crude fiber 

The crude fiber content of the mango samples was determined following the official 

method 962.09. About 1.7g sample was taken into 660 ml beaker and 200 ml of 1.25% 

sulfuric acid solution was added. Then, boiled on serial heating unit (Gerhardt, 

GERMANY) for about 30 mins with covering by watch glass over the mouth of the 

beaker. During boiling, the level of the solution was kept constant with hot distilled 

water. After boiling for 30 mins, 200 ml of 1.25% sodium hydroxide solution was added 

and boiled for another 30 mins. Then, the solution was poured into the sintered glass 

crucible and filtered using vacuum pump (EDWARDS, Model-RV3, ENGLAND).  

The wall of the beaker was rinsed with hot distilled water repeatedly and washings were 

transferred to the sintered glass crucible and filtered. The residue left in the crucible was 

washed with 1.25% sulfuric acid and 1.25% sodium hydroxide and then washed with hot 

distilled water and filtered. The crucible with its content was dried in a hot air oven 

(Thermostatic Drier, Model-202OA, CHINA) for 2hr at 130°C, cooled for 30 mins in a 

desiccator and the weight was recorded (W2). Then, the sample was incinerated at 550°C 

in muffle furnace, cooled in a desiccator and weighed again (W3). The crude fiber content 

was calculated using the equation below (AOAC, 2006). 

Crude fiber (%) =
W1−W2

W3
x 100--------------------------------------------------(9) 

Where: W1= weight of the crucible and the dried sample (g), W2= weight of the crucible 

and sample after ash (g) and W3= weight of the sample on dry basis (g). 
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3.6.2.5. Ash content  

The total ash content of mango samples was determined using official method 923.03. A 

clean porcelain crucible was dried for 30 minutes at 550°C in a muffle furnace 

(NABERTHERM, Model-B180, GERMANY). The crucible was then cooled in 

desiccators for about 30 minutes before the weight (W1) was recorded. About 2.5g of 

sample was weighed (Electronic balance, Model-Ja2103, CHINA) and heated in stages, 

first to derive the water, then to char the samples thoroughly and finally to ash at 550°C 

in a muffle furnace for about 5 hrs. After ignition, the residue was cooled in a desiccator 

for about 1hr and reweighed (W3). The ash content was calculated using the equation 

below. 

Total ash (%) =
W3−W1

W2−W1
x 100------------------------------------------------------(10) 

Where: W1= weight of the crucible (g), W2= weight of the crucible and the sample (g) 

and W3= weight of crucible with ash (g). 

3.6.1.6. Carbohydrate 

The carbohydrate content of mango powder samples was determined by subtracting the 

above proximate composition values from 100 using following formula (Kassegn, 2018). 

Carbohydrate (%) =100 –% (MC + Protein + Fat + Fiber + Ash) ----------------(11) 

3.6.3. Physicochemical Properties of Fresh and Dried  

3.6.3.1. Total soluble solid 

The total soluble solids (TSS) contents of mango sample (2g rehydrated with 50 ml of 

distilled water) were determined using a hand refractometer at room temperature (range 

of 18 – 23°C) and expressed in degree brix according to the official methods of 932.12. 

3.6.3.2. pH 

The pH value of fresh mango fruit pulp and rehydrated dried mango powder were 

determined following the official methods 918.12 using a digital pH meter (LODEOL, 

PHS-3CB) calibrated with buffer solutions of pH 4 and 7 at 20°C. About 45 ml of 

distilled water was added to 5 ml of sample and homogenized for 1 min. Then, the 
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solution was kept for 1hr at ambient temperature and the pH value of the supernatant was 

measured. 

3.6.3.3. Titratable acidity 

Titratable acidity (TA) was determined following official methods of 920.151 using an 

alkaline titration method with 0.1N NaOH and expressed in gram citric acid per 100g 

sample. About 100 ml beaker was filled with 6g of mango sample and 50 ml of distilled 

water was added to make a more diluted solution. About 3 – 5 droplets of 

phenolphthalein were added as an indicator, and the mango pulp samples were titrated 

against 0.1N NaOH to an endpoint and the endpoint was indicated by a change in sample 

color to pink. The amount of acid in milligram per hundred grams (mg/100g) was 

calculated as stated below. 

% Acid =
[NaOH  used ]∗ [0 .1N  NaOH ]∗ [22illiequivalent factor ]∗100 

Volume of sample
----------- (12) 

3.6.3.4. Browning index 

The browning index (BI) was determined by extracting about 5g of mango powder 

sample in 100 ml of ethanol for 1hr. The extract was filtered through filter paper and the 

browning index was measured in terms of absorbance at 420nm using spectrophotometer 

(Genesys-10UV, USA) and 67% ethanol was used as a blank (Saxena et al., 2009). 

3.6.3.5. Water activity  

The water activity (aw) of fresh and dried mango samples were determined using 

measurement device (TESTO AG-400, Germany) with a ±0.001 sensitivity (Koç et al., 

2011). 

3.6.3.6. Total flavonoid 

About 2g of dried mango powder were dissolved in 30 ml of acidic methanol 

(containing 1% HCl) and extracted for two hours at 35℃ using an electrical shaker. The 

extracted sample was then centrifuged at 5000 rpm for 5 mins, and the supernatant was 

collected for flavonoid analysis. About 2 ml of the extracted sample (extracted with 80% 

acidic methanol) with 10 mg/ml concentrations was mixed with an equal amount of 2% 

AlCl3 solution in methanol. The mixed solution was then incubated at room temperature 
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for 1 hr. Various concentrations of quercetin solution were used as standards, and 

methanol was used as a blank, then the absorbance was measured using a 

spectrophotometer (Genesys-10UV, USA) at 415nm. Based on the measured absorbance, 

the concentration of flavonoids was expressed as quercetin equivalent (mg of QAE) per 

gram of sample (Osorio-esquivel et al., 2014). 

C (mg/g, in QAE) = C1*V/m--------------------------------------------- (13) 

Where; C=Total flavonoid content in mg/g, in QAE (Quarcetin equivalent), C1 = 

concentration of Quarcetin established from the calibration curve in mg/ml, V= volume 

of extract in ml, and m= the weight of the sample extract in gram.  

3.6.3.7. Total phenolics 

About two gram of dried mango sample was dissolved with 30 ml of 80% of acidic 

methanol (1% HCl) and extracted for 2hrs at 35°C using an electrical shaker. Then the 

extracted sample was centrifuge at 5000 rpm for 5 min and then the supernatant was 

collected for the analysis. The total phenolic compounds of extracts were determined 

with the folin-ciocalteu reagent using a spectrophotometer (Genesys-10 UV, USA). 

About 100 µL of a crude extract (10 mg/ml) was mixed with 0.2 ml of folin-ciocalteu 

reagent (1:9 ml distilled water ratio),  2 ml of  distilled water, and 2 ml of 7.5% Na2CO3 

(sodium carbonate). The mixture measured at 765nm after 2hr at room temperature and 

different concentrations of gallic acid was used as a standard. The total phenolic 

compounds were calculated and expressed as mg of Gallic acid equivalent (mg GAE/g) 

sample (Yu et al., 2016). 

C (mg/g, in QAE) = C1*V/m--------------------------------------------- (14) 

Where; C=Total phenolic content in mg/g, in QAE (Quarcetin equivalent), C1 = 

concentration of Quarcetin established from the calibration curve in mg/ml, V= volume 

of extract in ml, and m= the weight of the sample extract in gram.  

3.6.3.8. Total carotenoids 

The total carotenoids contents of dried mango sample was determined following the 

method described by Nyangena et al. (2019). About 5g dried sample was ground with 40 

ml of cold acetone using mortar and pestle until the residue became colorless and then 
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vacuum-filtered using a Buchner funnel. The extract was partitioned with 60 ml of 

petroleum ether, and then each fraction was washed with distilled water for complete 

acetone removal. The extracts were made up to a volume of 50 ml with petroleum ether. 

All of the procedures were performed in dim light. The extracted carotenoids were 

collected and measured at 452nm using a UV spectrophotometer (Shimadzu, UV-1800, 

JAPAN). Total carotenoids were calculated with the following equation.  

Total Carotenoid (µg/g) = [A × volume (mL) × 104] / [A1cm1% × sample weight (g)] ---

---(15) 

Where A = absorbance; volume = total volume of extract = 50 mL; A1%1cm=absorption 

coefficient of β-carotene in petroleum ether (2592). 

3.6.3.9. Vitamin C 

The vitamin C contents of dried mango sample was determined using UV-visible 

spectroscopy (Shimadzu, UV-1800, JAPAN). About 5g of sample was extracted with 100 

ml of 6% trichloroacetic acid mashing using mortar and paste for 2-5 minutes, 

centrifuged the extracted solutions and then removed suspended solids through filtrations. 

Two droplets of saturated bromine solution were added in a sample containing flask and 

then aeration. In 10 ml aliquot, 10 ml of 2% thiourea was added, and then pipette 4 ml 

from the mixture into two different test tubes and one as a blank. To each of the 

remaining tubes, 1 ml of 2,4-DNPH was added and let them put all test tube in the water 

bath at 37°C for 3 hours and cooled in an ice bath for approximately 5 min and then 

added 5 ml 85% H2SO4 slowly while the tubes are in an ice bath. About 1 ml of 2% 

DNPH added to the blank and mixed and then allowed to stand all tubes at room 

temperature for 30 mins. Then, the absorbance of the standards, blanks, and test samples 

was measured at 515nm and the result calculated as follows. 

Ascorbic acid
mg

100g
=

[(𝐴𝑠−𝐴𝑏)∗10)

[𝐴10µ𝑔 𝑠𝑡𝑑−𝐴𝑏]
---------------------------------------------- (16) 

Where: As=Absorbance of samples; Ab=Absorbance of black; A10µg std.=The 

absorbance of 10g AA standard 
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3.6.3.10. Color  

The color of fresh and dried mango samples was measured using a Hunter Lab system 

with Dual-beam Non-contact Reflectance Spectrophotometer (Aeros, USA). The 

equipment was calibrated with a standard white and a black box for 100 and 0% 

reflectance, respectively. The color notation used to represent the color system and 

parameters used were CIE L* a* b* where L-lightness and/or whiteness, a∗-redness 

and/or greenness, b∗-yellowness and/or blueness with the uniform color space. The total 

color change in ∆E was calculated L∗, a∗, and b∗ values (El-safy, 2014; Minuye, 2021).  

∆E=√(L∗o − L∗)2 + (a∗o − a∗)2 + (b∗o − b∗)2--------------------------------- (17) 

Whereas subscript “o” denotes the color of fresh mango pulp sample. The value of ∆E 

indicates color change of the dried sample from their fresh mango pulp and it represented 

by the distance in the in the CIE L* a* b* color space between the points that represent 

the dried sample and fresh. 

3.6.3.11. Texture 

Textural properties of dried mango leather were determined using TA-XT2 texture 

profile analyzer (Stable Micro Systems, GODALMING, UK) in two cycle compression 

mode with cylindrical probe (P6, diamtter-6mm) and TA-90 heavy duty platform. The 

settings were pre-test speed-2.00 mm/sec, test speed-0.50 mm/sec, post-test speed-1.00 

mm/sec, load cell-5 kg, target mode strain-30.0% and operating software-exponent 

(version 5.1.10). The tested parameters were hardiness (maximum peak force during the 

first compression), cohesiveness (ratio of the area under the second peak to the area under 

the first peak) and adhesiveness (the negative peak force) (Shende et al., 2019; Sarkar et 

al., 2021). 

3.6.4. Microbial Test  

3.6.4.1. Yeast and mold counts 

Potato dextrose agar (PDA) was prepared according ISO 4833-2, (2013) direction. About 

39g of PDA powder was weighed (Precision balance, Model-YP10002, CHINA) and 

added into 1000 ml of distilled water, and heated to the boiling to dissolve it completely. 

Then, sterilized by autoclaving at 121°C for 15 mins (HIMEDIA, INDIA). About 60 mg/l 
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chloramphenicol was added to prevent bacterial growth (RPI, USA) and then about 20 ml 

of the prepared PDA was poured on the petri dish inside the microbial hood and allowed 

to solidify at room temperature. Serial dilutions (10-1, 10-2, and 10-3) of the suspension 

were prepared and about 0.1 ml (10-1) aliquots were taken using micropipette and spread 

on the solidified PDA. Then, incubated (MJX, Model-150B, CHINA) at 28°C for about 2 

to 5 days. The counts of visible colonies of were carried out by using digital colony 

counter (JKI, Model-JKCC-30, CHINA) and expressed as log CFU/g of the original 

sample (Feroz et al., 2016). 

3.6.4.2. Total bacteria count 

Plate count agar (PCA) was prepared according to ISO 4833-2, (2013) direction. About 

28g of PCA powered was weighed (Precision balance, Model-YP10002, CHINA) and 

added into 1000 ml distilled water, and heated to the boiling to dissolve it completely. 

Then, sterilized by autoclaving at 121°C for 15 mins (HIMEDIA, INDIA). About 20 ml 

of the prepared PCA was poured on the petri dish inside the microbial hood and allowed 

to solidify at room temperature. Serial dilutions (10-1, 10-2, and 10-3) of the suspension 

were prepared and about 0.1 ml (10-1) aliquots were taken using micropipette and spread 

on the solidified PCA and incubated (MJX, Model-150B, CHINA) at 30°C for 48 hrs. 

The counts of visible colonies were made by using digital colony counter (JKI, Model-

JKCC-30, CHINA) and expressed as log CFU/g of the original sample. 

3.6.5. Sensory Analysis 

The sensorial qualities of dried mango leather were evaluated by 28 semi-trained 

panelists composed of male and female. The panelists were selected from the food 

science, food engineering, post-harvesting engineering and agricultural mechanization 

engineering research staffs of Melkassa Agricultural Research Center, EIAR. The 

panelists were requested to test the dried mango leather samples in terms of color, 

sweetness, flavor, texture, chewing ability and overall acceptability using the seven-point 

hedonic scale 1=Dislike extremely,2=Dislike very much ,3=Dislike, 4=Neither like nor a 

dislike ,5=Like, 6=Like very much, 7= Like extremely. The panelists were provided with 

the randomly arranged and three digits coded samples and a cup of water was presented 

to rinse their mouths after tasting each sample (Minuye, 2021). 
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3.6.6. Mathematical Modeling of Drying Curve for Mango Pulps 

3.6.6.1. Moisture ratio 

Moisture ratio (MR) were determine using Fick’s second low equation the assumptions 

involved in the diffusion analysis are, internal moisture movement as the main resistance, 

no shrinkage in the product during drying and negligible external and internal heat 

transfer effect (Na et al., 2019). 

MR=
𝑀𝑡−𝑀𝑒

𝑀𝑖− 𝑀𝑒
-------------------------------------------------------------- (18) 

Where; Mt =Moisture content of the sample during drying at any time t, Me= Equilibrium 

moisture content of the samples mi=  Initial moisture content of the fresh samples.   

For describing the window refractance drying process of mango pulp, the moisture ratio 

data at different temperatures and mango pulp thickness are fitted in to, well-known thin 

layer drying equations then the best fit of appropriate model were selected using 

parameters: higher values (near to one) for coefficient of determination (R2) and least 

values of root mean square error (RMSE) and SSE (near to zero) (Kumar, 2015; Horuz et 

al., 2017). The statistical data were analyzed and selected (best fitted model) using 

MATLAB v 9.8.0. software. 

3.6.7. Determination of Effective Moisture Diffusivity and Activation Energy 

It has been accepted that the drying characteristics of biological products in the falling 

rate period can be described by using Fick’s diffusion equation. The solution to this 

equation developed by Crank, (1975) can be used for various regularly shaped bodies 

such as rectangular, cylindrical and spherical products and the equation can be applicable 

for particular with slab geometry by assuming constant moisture diffusivity, infinite slab 

geometry and uniform initial moisture distribution as follows (Evin, 2011). 

 

MR=
𝑀−𝑀𝑒

𝑀°−𝑀𝑒 
=

8

𝜋2 
∑

1

(2𝑛+1)2
∞
𝑛=1 exp (

−(2𝑛+1)2𝜋2𝐷𝑒𝑓𝑓
𝑡 

4𝐿2 )------------------------(19) 

Where 8/π2 the shape factor depends on the geometry of the drying material (4/ π2 for a 

cylinder and 6/ π2 for the sphere). Deff = the effective diffusivity (m2/s, L= half of 



28 

 

thickness of slab (mm), n=positive integer for long drying time, equation (18) can be 

simplified as equation 19 by taking the first term of the series solution and expressed in a 

logarithmic form as follows. 

lnMR=ln
8

𝜋2-
𝜋2𝐷𝑒𝑓𝑓

𝑡

4𝐿2 ----------------------------------------------------------------(20) 

The effective moisture diffusivity was obtained by plotting the experimental data in terms 

of ln(MR) versus drying time (min) gives a straight line with a slope of (k) in which Deff  

can be obtained according to the equation (Akinola et al., 2018). 

Slope(k) =(−
𝜋2𝐷𝑒𝑓𝑓

4𝐿2  ) ------------------------------------------------------------(21) 

According to Akoy (2014) the dependence of the effective moisture diffusivity on 

temperature generally describe by the Arrhenius equation. 

𝐷
𝑒𝑓𝑓=𝐷0 Exp(

−𝐸𝑎
𝑅𝑇

) 
 ------------------------------------------------------------------(22) 

Where; 𝐷𝑜=  The pre-exponential factor of the Arrhenius equation, m2/s, -Ea= Activation 

energy kJmol-1 R=universal gas constant kJmol-1k-1, T= Absolute temperature k. This 

equation can be rearranged,  

𝑙𝑛𝐷
𝑒𝑓𝑓=𝑙𝑛𝐷0 (

−𝐸𝑎
𝑅𝑇

) 
------------------------------------------------------------------(23) 

A plot of lnDeff as a function of the reciprocal of absolute temperature 1/T were produce a 

straight line as with slop equal to lnD0 (
−Ea

R
), from which the parameter Ea can be 

estimated. The activation energy Ea was calculated by plotting the natural logarithm of 

Deff versus the reciprocal of the absolute temperature T. Activation energy is a measuring 

of a temperature sensitivity of Deff and it is the energy needed to initiate the moisture 

diffusion within the mango pulp. 

3.7. Statistical Analysis 

The collected data were statistical analyzed using R-STUDIO v 1.4.1717 software and 

significant differences have been defined at (P<0.05) level of significance. The mean 

separations were tested using LSD (Least Significant Difference) method for significantly 

defer means. The model fit for the selection of best thin layer kinetics model and the 
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entire graphs were done using MATLAB v 9.8.0. and SigmaPlot v 12.3 software 

respectively. 

  



30 

 

CHAPTER FOUR 

4. Results and Discussions 

4.1. Dryer Performance Under Drying Variables (Temperature and Pulp 

Thicknesses) 

4.1.1. Drying rate 

The drying rate and time of the product depends upon the thickness of the products ( 

Kumar et al., 2021). Drying rate as the function of drying time at different temperature 

and thickness was summarized in Figure 4, 5, and 6. The result revealed that the drying 

rate for 1mm thickness of mango pulp dried at 95℃ was higher than that of mango pulp 

having 3mm and 5mm layers of thickness. Drying time was increased with thickness of 

mango pulp to reduce the initial mango moisture average of 82.02% to final moisture 

content for 1mm (5.86±0.17), 3mm (7.47±1.09) and 5mm (9.13 ± 0.55) thickness. High 

drying rate was obtained at the initial stage of drying in all mango pulp sample. 

Consequently, mango pulp kept dried after initial stage showed gradually decreased of 

drying rate until equilibrium point is attained. The reduction in the drying rate 

subsequently observed was as a result of the movement of moisture from the core of the 

mango layer to the surface before evaporation, this leads to decreased drying rate toward 

the equilibrium moisture content (Kabiru et al., 2013). 

It also observed that the drying rate was higher at 95℃ of drying temperature and 

lowered at 75℃ of drying temperature as the drying time increased. The drying time 

ranged from 90 to140 mins, 170 to 270 mins, and 210 to 370 mins to dry 1mm, 3mm, and 

5mm thickness respectively, until constant weight observed. The initial to final moisture 

contents ranges with mean drying rates 33.44 – 0.001, 21.49 – 0.015 and 22.11–0.05 in g 

of water/g dry solid mins. The increased of pulp thickness caused decreasing of the 

infrared radiation for pulps heating, and increased the resistance to conductive heat and 

mass transfer, which controls the water vapor removal from the drying pulps resulted 

longer drying time (Castoldi et al., 2014). Increasing of water temperature and reduction 

of mango pulp thickness brought shorter drying time and higher drying rates (Shende et 

al., 2019).  
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Related study showed that drying of 3mm thickness of the mango slices at 60℃ takes 

7hrs while the mango pulp having the same thickness dried at 80℃ lasted for 3hrs (Akoy, 

2014). This study also furtherly, stated that the moisture content decreased continuously 

with time and increasing in temperature lead to reduced drying time. Also the drying 

mango pulps thickness increased the drying rate in constant rate until the constant weight 

obtained (Zotarelli et al., 2015). 

 
Figure 4.Effect of drying temperature on 

the drying ratio of 1mm thickness of 

mango pulp. 

 
Figure 5. Effect of drying temperature on 

the drying ratio 3mm thickness of mango 

pulp. 

 
Figure 6. Effect of drying temperature on the drying ratio of 5mm thickness of mango 

pulp. 
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4.1.2. Over all drying efficiency 

Food products may need to be dried in a different way using a suitable dryer type and by 

the use of appropriate drying technologies to gain a satisfactory value addition to the 

dried product (Taylor et al., 2011). In the present study, the overall drying energy 

efficiency for drying 1 kilo gram of mango pulp were found percent of 62.64±12.37, 

32.57±6.75 and 24.29±6.37 for 1mm,3mm and 5mm pulp thickness respectively, whereas 

30.63±13.89, 38.99±18.11 and 49.88±20.61 for 75°C, 85°C and 95°C temperature levels 

respectively. The result showed that drying temperature increased from 75°C to 95°C the 

overall energy efficiency of the dryer was increased and also the thickness of mango pulp 

layer increases the energy consumption and utilization increased accordingly and 

significant differ (P<0.05). The current study result was good agreement with  the 

outcome of different author reports Baeghbali et al. (2015); Abony (2002); Baeghbali et 

al. (2018) for pomegranate juice, strawberry and apple slice those dried under refractance 

window dryer with a water temperature at 91ºC, 95ºC and 85ºC and the thickness of 

samples 0.5, 3 and 2mm, the overall energy efficiency found 31.6%, 37.7% and 23.4% 

respectively. This was attributed to increasing the thermal gradient and accelerated 

moisture removal that resulted in shorter drying time and lower consumption of energy 

(Saifullah et al., 2019). According to Baeghbali and Niakousari (2018) increasing 

thickness of sliced agricultural products resulted longer drying time and increased energy 

consumption.  

In other related study the lower values were reported by Beigi (2016) using conventional 

dryer at 50ºC, 60ºC and 70ºC  for apple slices the overall energy efficiency the dryer were 

found in average of 4.89%, 6.88% and 9.09% respectively, and also in other study under 

freeze dryer with a calibration of absolute pressure 3.0 kPa and condenser temperature -

40ºC was the overall energy efficiency were found 1.1% as has been described by 

(Waghmare, 2021). 
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Table 4.The main effect of drying variables on overall energy efficiency of batch window 

refractance dryer. 
Main factor QT (KJ) QM (kJ) EE %  

Thickness (mm)    

1 1882.62±17.21a  31.12±6.14c 62.64±12.37a 

3 1871.48±16.72a 59.70±12.25b 32.57±6.75b 

5 1874.58±8.73a 81.62±19.28a 24.29±6.37c 

P (2, 24) 0.27  2.27 0.00 

F (2, 24) 1.37 30.93 45.97 

Temperature (℃)    

75 1864.95±19.75b  71.65±27.51a 30.63±13.89c 

85 1883.775±8.97a 57.80±23.84b 38.99±18.11b 

95 1879.964±5.73a 42.98±14.66c 49.88±20.61a 

P (2, 24) 0.01 0.04 0.09 

F (2, 24) 5.31 3.60 2.66 

Data: Mean + SD, mean values with the same letter in the column are not significant different 

(P<0.05), EE= is overall drying efficiency of the dryer. QT =Total energy needed for drying 1kg 

of mango pulp sample and QM =Measured energy consumption by voltage meter. 

The combination effect of drying variables average value for 1mm, 3mm and 5mm 

thickness of dried mango samples are displayed in the Figure 5 and ANOVA Table in 

appendix 1, the result showed that the overall energy efficiency of batch window 

refractance dryer better in lower pulp thickness (1mm) and higher drying temperature 

(95℃).  
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Figure 5. The combination effect of temperature and thickness levels on drying efficiency 

of the dryer. 

 

4.2. Characteristics of Fresh Mango Pulps 

The total soluble solid, pH and titratable acidity of the fresh mango pulp samples the 

mean values were obtained, 15.10±0.10, 4.92±0.15 and 1.96±0.29% respectively. This  

result were similar with the ranged values reported by  Ubwa et al. (2014) (17.31±0.1–

20.75±0.00) TSS and (4.72±0.00 – 5.62±0.00) pH for Hindi, Julie and Local mango 

varieties and closely related with the average values reported by Bonneau et al., (2016) 

17.2 TSS, 3.9 pH and 0.7 titratable acidity. The pH is a measure of active acidity 

although titratable acidity is an estimate of the total acid concentration whereas total 

soluble solids are an indication of the total sugar concentration in a fruit pulp sample. 

TSS content greater than 8 and acidity greater than 1 are a good indication for determine 

mango maturity (Dereje and Abera, 2020a; Jha et al., 2007). 

In this study the fresh mango pulp initial moisture content were found 82.02%±0.02 the 

result parallel with those initial moisture content values for  Apple and Ngowe mango 

variety 82.49%±1.1 and 82.91%±2.5 respectively Nyangena et al., (2019),  and higher 

than 79.25%±1.77 Wilson et al., (2012). Moisture content is the most commonly used 

measurements in food processing because of it related to the alternations taking place 
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during storage and processing and affects the final quality (Canet, 2016).Water 

activity(wa) frequently used as a parameter to predict the microbial, chemical, and 

physical stability of food products and it has influence on microbial growth, lipid 

oxidation, non-enzymatic and enzymatic activities (Taylor et al., 2014). The water 

activity for fresh mango pulp was found 0.98 this result is good agreement with stated 

value 0.97 Bonneau et al., (2016).  

Regarding the color parameters for Lₒ*, aₒ* and bₒ* values for fresh mango pulp were 

obtained average of 68.99±0.83, 9.41±0.03 and 52.92±0.84 respectively. This result were 

lower than  the value reported by Izli et al., (2017) 77.63±0.95 Lₒ*,6.79±0.37 aₒ* and 

66.41±0.68 bₒ*and higher than 66.63±0.52Lₒ*,  3.41±0.94aₒ* and  62.51±0.81bₒ* 

(Nguyen et al., 2022). 

Table 5. Characteristics of fresh mango fruit pulp 

Ripe fresh mango  Values 

pH 4.92±0.15 

Total soluble solid (TSS) 15.10±0.10 

Titratable acidity (citric acid) % 1.96±0.29 

Moisture (%) 82.02±0.02 

Water activity (wa) 0.98±0.00 

Lightness (Lₒ*) 68.99±0.83 

Redness (aₒ*)  9.41±0.03 

Yellowness (bₒ*) 52.92±0.84 

4.3. Effect of Temperature and Pulp Thickness on the Physicochemical Properties of 

Dried Mango Leather  

4.3.1. Proximate composition  

In this research proximate composition contents such as crude protein, total ash, crude fat 

and crude fiber, moisture and carbohydrate were determined for fresh and dried mango 

samples. The fresh mango pulp sample mean value were obtained 1.57±0.05%, 

3.17±0.17%, 1.76±0.03, 4.86±0.02, 82.02±0.02% and 6.62±0.13% for crude protein, total 

ash, crude fat, crude fiber, moisture and carbohydrate respectively. This result which 

were close to those reported value by Nixwell et al., (2013) 2.3% protein, 0,4% ash,0.2% 



36 

 

fats and 1.9% fiber. The fresh pulp proximate composition observed higher than that of 

batch window refractance dried mango samples. Proximate composition is helpful in 

determining the macronutrients present in the mango samples. 

Crude protein 

Crude protein content obtained in the range of 1.36 – 1.49%, in the dried mango pulp, 

which is slightly lower than from the fresh mango pulp 1.57%. The reduction of protein 

might be the amount of drying temperature causes protein degradation because of lipid 

oxidation, although protein sensitive to non-enzymatic degradation, which can occur 

when reducing sugars like glucose, fructose and lactose combine with specific amino 

acids to form an indigestible complex, resulting in reduced protein quantity (Catorze et 

al., 2022). Also, it can be observed that the thickness levels increase proportionally 

protein content increased and significant different (P<0.05). The work of Kanyinda 

(2017) reported that the protein percentage of mango leather increased mighty be due to 

the loss of water and fiber nitrogen bonding as a result of drying process. The crude 

protein content of dried samples was showed 98.73% maximum and 84.10% minimum 

retention in 5mm at 85°C and 1mm at 75°C respectively, relative to their fresh pulp. 

Consuming adequate dietary protein is critical for maintaining optimal health, growth, 

development, and function throughout life, also it needed for energy balance (Nska and 

Cie´sluk, 2019).  

Total ash 

Total ash refers to the inorganic residue remaining after complete oxidation of organic 

matter in a food sample. It is an important quality attributes and correlated with the 

minerals present in the food sample (Ismail, 2015). In the present study the total ash 

content was obtained in the range of 2.12 – 2.16% and non-significant difference 

(P>0.05) were observed by thickness and drying temperature variations. However, the 

value obtained slightly lower relative to the fresh mango pulp 2.18%. This result showed 

that the dried mango mineral content has lower influenced due to temperature, because 

most minerals have less volatility at high temperatures up to 550 – 600°C (Mongi and 

Ngoma, 2022). Similar observation were also reported by (Dereje and Abera, 2020a). 

Crude fat 
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Crude fat in a food determines the amount of energy available in addition to its role to 

contribute essential fatty acids (Mohammed et al., 2022). The crude fat content was 

found in the range of 0.51 – 1.08%. This result was lower than from fresh mango sample 

that obtained 1.76%. The decreasing in fat content of dried samples could be associated 

with the oxidation reaction during drying and fruits contain little amounts of lipids, they 

are still susceptible to enzymatic hydrolysis (Mongi and Ngoma, 2022). In the main 

effect thickness and temperature variations, fat content showed non-significant effect 

(P>0.05) except the control sample (fresh mango sample) similar observation were 

reported by  Puente et al. (2020). 

Crude fiber 

 Dietary fiber has recently gained much importance since it can reduce the incidence of 

cardiovascular and certain digestive diseases. Also, it is measure of the quantity of 

indigestible cellulose, pentosans, lignin and other components. These components 

provide the bulk necessary for proper peristaltic action in the intestinal tract (Puente et 

al., 2020). The fiber content obtained in the range of 3.72 – 4.59 %, and it can be 

observed that the fiber content increased with increasing thickness of mango pulp and 

had significant effect (P<0.05). The drying temperature had less effect (P>0.05) on fiber 

content. grater and lower retained observed in the drying temperature at 95°C and 

thicknesses of 5mm and 1mm were 94.65 % and 75.92 % respectively.  

Moisture content (MC) 

The optimum moisture content is an indication of the better storage stability. In the 

current study moisture content were obtained in the range of 5.85 – 9.07%. The result 

showed that the moisture content increased when the thickness of layer of pulp increased 

proportionally and significant different (P>0.05) value. This might be due to increase the 

resistance to conductive heat and mass transfer, which controls the rehydration (Castoldi 

et al., 2014). After drying the initial moisture contain of fresh mango pulp 82.02% 

reduced up to 93.07% and 88.43% the higher and lower reduction were obtained in 1mm 

and 5mm thickness at 75°C and 95°C drying temperature respectively. In the related 

study for Apple and Ngowe mango varieties the initial moisture content was found 

82.49% and 82.91% after dehydration using oven and 50°C and 60°C for 10hrs. and 7hrs 
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respectively,  as well as solar dryer for about 18hrs., reduced the moisture content to a 

range of 7.17 – 21.06% (Nyangena et al., 2019). 

The moisture content is affected by sugar contents, acidity of the fruit, drying process, 

temperature and drying time (Hewavitharana et al., 2013; Coklar and Akbulut, 2017). 

Furthermore, the higher fiber content in the fruit leather may have also contributed to the 

high moisture content, since fiber is hydrophilic (Mphaphuli et al., 2020). The work of 

Tontul and Topuz (2017) and according to Dry and Dried Produce standard DDP-25, 

(2013) reports the moisture level of mango leather has to be lower than 20% and the 

moisture content below 15% not only prevent the microbial growth but also retired other 

deterioration reactions such as sugar crystallization, non-enzymatic browning and aroma. 

Carbohydrate 

As indicate in Table 6. the carbohydrate content of the dried mango ranged from 82.47 – 

86.66% the higher and lower value were belonged for 1mm at 85°C and 5mm at 95°C 

respectively. Carbohydrate content of fresh mango sample was obtained 7.61%, which is 

close related from the reported value 8.1%, 8.6% and 9.9%  for Dodo, Viringe and Kent 

variety (Mongi and Ngoma, 2022). Dried mango sample carbohydrate content was higher 

than fresh mango sample because carbohydrate during maturation, it converts to reducing 

sugars such as sucrose, glucose, and fructose. Therefore, carbohydrates, small quantities 

of cellulose, hemi-cellulose, and pectin are present in ripe mango (Owino and Ambuko, 

2021). The fresh pulp result showed lower than relative to dried mango pulp by 92.35%. 

Higher carbohydrate content and significant different (P<0.05) observed in 1mm 

thickness of mango pulp,  this means the products suggest as they could be good sources 

of energy (Appiah et al., 2011).  

Proximate composition of dried mango in the main effect observed non-significant 

difference (P>0.05) due to the drying temperature levels. This might be the batch window 

refractance dryer are less influence on proximate composition of dried mango and 

relatively insensitive in the selected drying temperature variations. (Mongi and Ngoma, 

2022) as has been stated that the amount of nutrients retained in all fruit dried samples 

depending on drying methods and varieties. Also, the nutritional composition of mango 

are affected by different factors of which cultivar, the agroecological condition of the 
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region, and the maturity of the fruit (Maldonado-celis, 2019). The study carried out on 

the macronutrient composition of four variety of mango pulp were reveal that like other 

fruit, mango pulp contributes little the caloric supply of diet (Schieber, 2010). However, 

mango plays an important role in balancing the diet of human being by providing 64 – 86 

calories of energy (Rathore et al., 2007).  

The finding results that obtained in this research for proximate composition of dried 

mango pulp were comparable with the results of moisture 7.80 – 9.30%, crude protein 

1.90 – 2.80%, crude fat 0.20% and carbohydrate 84.40 – 85.70 % contents as reported by 

Nixwell et al. (2013) for different mango cultivars dried using hot air oven at 58°C for 28 

hrs. Adepoju and Osunde (2017) also reported that moisture, crude fat, crude protein, 

total ash and crude fiber contents of 5.28%, 5.20%, 3.45%, 3.39% and 11.36% 

respectively for mango slices that dried using solar type dryer for 8 hrs. with average 

temperature of 41°C. 
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Table 6. Effect of drying variables on product proximate composition 

Main 

factor 

Crude 

protein (%) 

Total ash 

(%) 

Crude fat 

(%) 

Crude fiber 

(%) 

MC (%) CHO (%) 

Thickness (mm) 

1 1.36±0.13b 2.14±0.04a 0.41±0.17a  3.72±0.04c 5.85±0.21c 88.64±5.38a  

3 1.44±0.07ab 2.14±0.02a 0.50±0.66a  4.54±0.03b 7.49±0.93b 84.90±1.50b  

5 1.49±0.08a 2.15±0.03a 0.72±0.66a  4.59±0.05a  9.07±0.58a  82.71±0.53b 

P (2, 24) 0.02 0.77 0.49 0.00 0.00 0.00 

F (2, 24) 4.44 0.27  0.73 1164.73 56.30 7.69 

Temperature (℃) 

75 1.42±0.10a  2.13±0.02a 0.48±0.16a 4.28±0.42a  7.24±1.46a 86.06±4.73a  

85 1.46±0.12a 2.14±0.03a 0.80±0.88a 4.30±0.41a  7.44±1.47a 86.09±4.70a  

95 1.42±0.11a  2.15±0.03a 0.35±0.16a 4.28±0.45a  7.72±1.63a  84.14±2.09a  

P (2, 24) 0.69 0.29 1.80 0.99 0.79 0.51 

F (2, 24) 0.38 1.28 0.186 0.01 0.24 0.69 

Interaction (t x T) 

1mm75°C 1.32±0.07c 2.12±0.00b 0.62±0.02bc 3.72±0.01de  5.70±0.23e 86.51±0.18a 

1mm85°C 1.35±0.16bc  2.14±0.00ab 0.25±0.04bc 3.76±0.01d  5.84±0.21e 86.66±0.11a 

1mm95°C 1.40±0.19abc  2.15±0.04ab  0.37±0.02bc 3.69±0.06e  6.01±0.12e 86.37±0.17a 

3mm75°C 1.41±0.08abc  2.13±0.02ab 0.27±0.02bc 4.51±0.03c  7.28±1.11d 84.40±1.09b 

3mm85°C 1.47±0.06abc  2.14±0.01ab  1.08±0.99ab 4.56±0.01bc  7.5±0.99d 83.22±1.46bcd 

3mm95°C 1.44±0.07abc  2.15±0.01ab  0.15±0.00c 4.56±0.03bc  7.66±1.06cd 84.04±1.09bc 

5mm75°C 1.52±0.04ab   2.14±0.03ab  0.55±0.05bc 4.59±0.06b  8.74±0.58bc 82.47±0.57cd 

5mm85°C 1.55±0.06a   2.14±0.03ab  1.08±1.19ab 4.59±0.06b  8.97±0.52b 81.67±1.79d 

5mm95°C 1.42±0.08abc  2.16±0.03ab  0.52±0.02bc 4.60±0.06b  9.51±0.52b 81.79±0.63d 

Control 1.57±0.05a  2.17±0.17a  1.76±0.03a 4.86±0.02a  82.02±0.02a  7.61±0.13e 

F (9,20) 2.07 0.84 3.14 354.56 3878 2068.8 

P (9,20) 0.08 0.59 0.01 0.00 0.00 0.00 

Data: Mean + SD, mean values with the same letter in the column are not significant different 

(P<0.05), MC=moisture content, and CHO=carbohydrate, Thickness=t and Temperature=T. 
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4.3.2. pH, TSS, titratable acidity and water activity(wa)  

The result of pH, TSS and titratable acidity of dried mango pulp in different thickness 

and  

temperature variations are showed in Table 7. The pH was in the range of 3.62 – 3.87 this 

value lower than from fresh mango pulp value 4.92. Also, showed that non-significant 

difference (P>0.05) due to thickness and temperature variations. The  result obtained in 

this study was comparable with the stated value by Ampah et al. (2022) ranged result 

3.32 – 3.95 for Palmers variety of mango that dried with 0.6cm slice thickness using 

mechanical dryer. 

Total soluble solid dried mango sample value due to thickness variations showed 

significant effect (P<0.05) value whereas in the temperature difference non-significant 

difference (P>0.05) were observed range of 13.01 – 13.90. This result was lower than the 

finding recorded value for fresh mango pulp 15.10. The decline in acid content due to 

utilization of organic acids during respiration or the conversion to sugars and amino acids 

among other constituents might be cause the reduction of TSS values (Worku, 2016).  

Titratable acidity for dried mango sample was found in the range of 1.83 – 2.57%. The 

result showed that the thickness of dried mango pulp layer increased the acidity content 

also increased, higher result obtained from their fresh mango pulp sample 1.57%. This 

result were higher than from reported value for fresh mango 1.1 (Bonneau et al., 2016). 

However, This might be because of the conversion of carbohydrate to acid over an 

extending drying time led fermentation to occurred in the dried samples (Reshmi et al., 

2018; Dereje and Abera, 2020a). Abe-Inge et al. (2018) also described that some 

increment in pH leading to decline in acidity and this could be due to utilization of acids 

as respiration.  The result obtained in this study was proportional with Kanyinda (2017) 

on the comparison study of oven and solar drying method using mango slices with the 

relative humidity 8.25% and 14.17% and drying temperature 50°C and 22.4°C to 40.7°C 

respectively, and also the investigation conform that the acidity increased after drying 

and drying temperature has not significant effect on acid concentration of mango 

products.  
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Table 7.Effect of drying variables on mango products titratable acidity, TSS, pH and 

water activity (wa). 
Main factor Titratable 

acidity (%) 

TSS pH Water activity 

(wa) 

Thickness (mm)  

1 2.02±0.37b  13.33±0.66a 3.76±0.27a 0.43±0.02c 

3 2.27±0.25ab 13.62±0.40a  3.69±0.39a  0.56±0.01b 

5 2.51±0.30a  13.21±0.99a 3.69±0.44a 0.57±0.01a 

P (2, 24) 0.01 0.48 0.88 0.00 

F (2, 24) 5.38 0.76 0.13 233.74 

Temperature (℃)  

75 2.21±0.3a  13.12±0.26b 3.66±0.38a  0.51±0.07b 

85 2.21±0.40a  13.21±1.06ab  3.75±0.37a  0.52±0.07ab 

95 2.38±0.38a  13.83±0.38a 3.73±0.36a  0.53±0.07a 

P (2, 24) 0.52 0.07 0.87 0.23 

F (2, 24) 0.66 3.01 0.14 0.80 

Interaction (t x T) 

1mm75°C 1.99±0.24bcd 13.03±0.35bc 3.64±0.26b 0.41±0.01f 

1mm85°C 1.83±0.46cd 12.97±0.45bc 3.79±0.30b 0.43±0.01ef 

1mm95°C 2.26±0.38abc 14.00±0.65ab 3.87±0.30b 0.44±0.03e 

3mm75°C 2.20±0.22abc 13.13±0.30bc 3.58±0.24b 0.55±0.00d 

3mm85°C 2.26±0.06abc 13.83±0.11bc 3.79±0.46b 0.56±0.01cd 

3mm95°C 2.35±0.42abc 13.90±0.10bc 3.70±0.54b 0.57±0.01bc 

5mm75°C 2.43±0.36ab 13.20±0.17bc 3.76±0.65b 0.57±0.00bcd 

5mm85°c 2.57±0.17a 12.83±1.85c 3.68±0.48b 0.57±0.00bc  

5mm 95°c 2.53±0.44a 13.60±0.10bc 3.62±0.31b 0.58±0.00b  

Control 1.57±0.02d 15.10±0.10a 4.92±0.15a 0.98±0.00a 

P (9,20) 0.01 0.01 0.02 0.00 

F (9,20) 2.99 3.24 2.83 434.65 

Data: Mean + SD, mean values with the same letter in the column are not significant different 

(P<0.05), Thickness=t, Temperature=T 

mailto:5mm@95
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4.3.3. Water activity (wa)   

In this evaluation the statistical analysis showed that the mango pulp layer of thickness 

significantly differs (P<0.05) and affected the water activity.  water activity for 1mm, 

3mm and 5mm thickness of dried mango were obtained average of 0.43±0.02, 0.56±0.01 

and 0.57±0.01 respectively, these results lower than the fresh mango pulp recorded value 

0.98±0.00. It can be observed that when the mango thickness increased, the water activity 

also increased whereas, when the temperature increased from 75℃ to 95℃ the water 

activity of mango products was slightly decreased it also showed in the investigation 

moisture content as displayed in Table 6. This might be because of longer drying 

durations in lower temperature which affects the water concentration (Akther et al., 2021)  

also further stated that water activity are affected by different drying methods, drying 

time, temperature and carrier agents. According to Cano-Chauca et al., (2004) the water 

activity decrease led moisture content decrease and vice versal. Water activity is an 

important parameter to determines the quality of a product and  health safety for 

preservation (Dissa et al., 2008). There is a critical water activity ranges for microbial 

growth. Pathogenic bacteria cannot be grow below of 0.85 – 0.86, whereas yeast and 

molds are more tolerant to a reduced water activity of 0.80 and no growth occurs below 

about 0.62 (Kumar, 2014). 

 
Figure 6. Water activity content in 1, 3 

and 5mm thickness of mango products 

 
Figure 7.Water activity vs Moisture content 

in 1, 3 and 5mm thickness of mango product. 
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The water activity dried below 0.60 which indicates the capability to prevent microbial 

activity (Quintero et al., 2012). EN et al. (2015) mentioned that mango leathers were 

found to be stable for 6 months without need for chemical preservatives due to 

combination of low water activity and low pH. Therefore, according to the standard for 

preserving the food materials, the dried mango samples using batch window refractance 

dryer can have long shelf life and preserved well off seasonal time produce and 

prevention from microbial spoilage and enzymatic reactions by removing free water 

concentration from the dried samples 

4.3.4. Bioactive compounds and vitamin C contents  

Total carotenoids 

The total carotenoid contents for fresh mango pulp average value were obtained 

543.1µg/g (dry bases) this result were lower than the  reported values 578 µg/g (Fratianni 

et al., 2020) and higher than 487.1 µg/g  (Lammerskitten et al., 2020). The result that 

obtained for fresh mango pulp were higher than dried mango sample and significant 

different (P<0.05). The total carotenoid contents for dried mango pulp were observed in 

average of 237.26 ±219.68µg/g, 179.38±139.09µg/g, and 176.24 ±167.93µg/g for 1mm, 

3mm, and 5mm thickness levels respectively. The result showed that the drying 

temperature decreased, the total carotenoid increased accordingly. This might be due to 

the exposure of samples to dry which leads to the oxidation of carotenoids hence the 

higher carotenoids loss with longer drying time (EN et al., 2015). Furthermore, they are 

sensitive to heat, light, oxygen and enzymes (Onwude et al., 2017). The interaction effect 

of temperature and mango pulp thickness has a highly significant effect (<0.01) on 

carotenoid content during the drying process. The total carotenoid contents lower 

retention was obtained at the drying temperature of 75°C for 5mm was 7.18% and greater 

retention showed at the drying temperature 75°C for 1mm thickness was 96.27% 

respectively, in comparison to their fresh mango pulp.  

Phenolics and Flavonoid 

 Total phenolics and flavonoid contents of fresh mango pulp were obtained in average of 

0.97mg GAE/g and 1.97mg GAE/g respectively. The observation was lower than the 

reported values 0.76 mg GAE/g phenolic and 2.98 mg GAE/g flavonoid (Lammerskitten 
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et al., 2020). Dried mango products were obtained in the average range of from 0.62-0.92 

mg GAE/g and 0.44-125mg GAE/g for phenolics and flavonoids content of selected 

thicknesses from 1mm to 5mm. The 1mm thickness of dried products were retained more 

phenolic and flavonoid content than 3mm and 5mm thickness, which might be due to 

thick mango pulps undergoes long drying duration that leads to vulnerable for great 

oxidation and thermal degradation. It was also observed that the total phenolic content of 

mango products had non-significantly differ (P>0.05) but slightly increased observed 

when the drying temperature increased. This result might be due to accelerated 

breakdown of cellular constituents and release of bound phenolic compounds (Shende 

and Datta, 2018). However, the interaction effect of temperature and mango pulp 

thickness has a highly significant effect (<0.01) on phenolic and flavonoid content during 

the drying process. An et al., (2016)  as has been described the bioactive compounds 

showed increasing when the temperature increases, this might be higher drying 

temperature has the capability to break down covalent bonds and thus facilitate the 

liberation of bioactive compounds from repeating polymers resulting in higher 

quantification to obtained. In the related research the total phenolics, flavonoids and 

proanthocyanins of the paste dried using the microwave assisted hot air-drying technique 

were found higher than those in the paste dried by hot air and the RW drier, this might be 

correlated to the longer drying period of the hot air drying technique which increases the 

oxidation (Tontul et al., 2017). The maximum and minimum value recovery achieved for 

dried mango samples were for phenolic content 94.84 – 63.92% found for 1mm at 95°C 

and 1mm at 75°C whereas for flavonoid content 63.45 – 22.33% for found 1mm 75°C and 

5mm 95°C respectively relative to fresh mango pulp.  

Vitamin C 

The mean value of vitamin C content for fresh mango pulp was 127.34±4.2 mg/100g the 

result was higher in comparison to dried mango samples. The  observation of vitamin C 

content for fresh mango pulp result closely related with the reported values 164.3 

mg/100g Ndawula et al., (2004)  and 124.4mg/100g  Guiamba et al., (2016) and higher 

than the report value 78.9 mg/100g (Nyangena et al., 2019b). 
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Dried mango pulp vitamin C content were found average of 47.26±0.98 mg/100g, 47.56± 

3.53mg/100g and 37.4±7.95mg/100g for 1mm, 3mm and 5mm respectively. The 

interaction effect of temperature and mango pulp thickness has a highly significant effect 

(<0.01) on vitamin C content during the drying process. It can be observed that the 

reduction of mango pulp thicknesses and drying temperature led increased vitamin C 

retention, which might be due to decreasing exposure time to heat and drying temperature 

(Abonyi, 2002).Also, the authors  (Kumar, 2014; Rashidi et al., 2021) stated that the 

concentration of vitamin C is inversely related to the drying temperature. The higher and 

lower vitamin C content retention were obtained in comparison to their relative fresh 

mango pulp sample(control) were 51.55% and 25.39% for 1mm at 75°C and 5mm at 

85°C respectively. The work of Weiying et al. (2022) analyzed the ascorbic acid contents 

of mango slice dried using hot-air drying, far-infrared drying, and vacuum-freeze dryer 

mango were dried at various temperatures 50°C, 60°C and 70°C with different slice 

thicknesses 3mm, 5mm, 7mm and 10mm, the result showed that higher retention of 

ascorbic acid was obtained as the thickness level and drying temperature decreased also 

he stated that more surface area exposure to dry when the thickness becomes lower or 

thinner and drying temperature increased. Also  Nindo et al. (2003) reported thick pulps 

has taken longer drying time until become constant in weight and this increased loss of 

ascorbic acid.  

In related study reported by Nyangena et al. (2019) for the determination of antioxidant 

property such as total carotenoid, flavonoid and phenolic for dried mango product that 

dried using oven and solar dryer the results were found and fail within 24.40 – 32.2 

mg/100g, 12.81 – 20.56 mg/100g and 7.59 – 30.6 mg/100g respectively, whereas vitamin 

C content found 28.45 mg/100 g for oven dryer.  

Generally, from this research the interaction effect of drying variables, for total 

carotenoid, flavonoid, phenolic and vitamin C content results showed that fresh pulp 

sample had higher antioxidant property and highly significant differ (P<0.01) than dried 

mango samples and also lower thickness 1mm and lower drying temperature 75ºC 

showed better retention of antioxidant properties from their mango pulp and somehow 

comparable with the fresh mango pulp (control). 
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Table 8.Effect of drying variables on mango products antioxidant property 

Main factor Carotenoid µg/g Flavonoid 

mg/g 

Phenolics mg/g Vitamin C 

mg/100g 

Thickness (mm) 

1 237.26±219.68a 0.79±0.61a 0.79 ±0.14a 47.25±13.90a 

3 179.38±139.09b 0.48±0.08a 0.74±0.14ab 47.56±3.53a 

5 176.24±167.93b 0.47±0.06a 0.69±0.05b 37.48±7.95b 

P (2, 24) 0.33 2.29 1.79   0.05 

F (2, 24) 0.72 0.12 0.19 3.30 

Temperature (℃) 

75 306.18±221.32a 0.72±0.65a 0.70±0.15a 52.85±10.59a 

85 183.27±159.86b 0.51±0.09a 0.72±0.08a 40.74±7.82b 

95 103.43±21.38c 0.51±0.09a 0.79±0.13a 38.70±6.17b 

P (2, 24) 3.76 0.96 1.60 0.00 

F (2, 24) 0.04 0.40 0.22 7.48 

Interaction (t x T)     

1mm75°C 522.87±83.67a 1.25±1.00b  0.62±0.03e 65.64±0.99b 

1mm85°C 66.66±0.91cd   0.49±0.09c  0.81±0.57bc 39.83±0.86d 

1mm95°C 122.25±13.81c  0.62±0.05c 0.92±0.07ab  36.30±1.10de 

3mm75°C 363.80±19.35b 0.46±0.13c 0.79±0.26bcd 49.66±1.10c 

3mm85°C 91.96±1.46cd 0.50±0.08c 0.71±0.02cde 50.08±0.56c 

3mm95°C 82.37±20.34cd 0.47±0.07c  0.71±0.09cde 42.94±0.42cd 

5mm75°C 31.87±16.85d   0.45±0.09c 0.68±0.06cde 43.25±6.86cd 

5mm85°C 391.18±66.87b  0.52±0.02c 0.64±0.03de  32.33±2.36e 

5mm95°C 105.67±4.38c  0.44±0.02c 0.73±0.02cde  36.85±10.49de 

Control 543.82±5.52a 1.97±0.03a  0.97±0.01a  127.34±4.2a 

P (9, 20) 0.00 0.00 0.00 0.00 

F (9, 20) 94.33 7.17 4.43 126.47 

Data: Mean + SD, mean values with the same letter in the column are not significant different 

(P<0.05), Thickness=t and Temperature=T 
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4.3.5. Color and browning index  

The quality of dried fruit is determined by color as a measure of consumer preference. 

The current study determined the fresh and dried mango color attributes. The color 

parameters for Lₒ*, aₒ* and bₒ* values for fresh mango pulp were obtained 68.99±0.83, 

9.41±0.03 and 52.92±0.84 respectively. In the comparison of drying variables listed in 

Table 9 for 1mm,3mm and 5mm thickness variations the L*, a* and b* value was found 

average of 58.68±3.65, 59.34±4.33, 62.17±3.39 for L*,14.01±1.66,14.68±1.14 

15.46±1.68 for a* and 37.09± 5.02,35.36± 4.72,39.95 1.68 for b*. 

 L*, b* values of the color attributes for mango leather values were lower and a* value 

was higher than from their fresh mango pulp samples. This result showed that the 

browning occurring in mango leather samples and it is indirect that the color of the dried 

samples become darker (decreasing in L* value), less green (increasing a* value) and 

more yellow (decreasing of b* value). This means the mango sample predominantly to 

yellow color and more dominant to red color (Suherman et al., 2023).The color of mango 

leather can be described as yellowish orange (Gujral and Brar, 2007). In the combination 

effect of drying variables ∆E found in the range of 33.58-– 15.24 which is higher than the 

reported value 4.37 -13.94 for mango slices that dried using freeze dryer in the drying 

process of 17hrs. with high pressure of 35pa  (Suherman et al., 2023) and the result 

obtained for L, a ,b and  ∆E color attributes for papaya slices that dried using hot air dryer 

and freeze dryer has close related value were found average of  31.57±0.48L*, 13.10± 

0.96a*, 17.82±0.09b*and 20.83±0.67∆E whereas 58.05±0.11L*,14.02±0.21a*,20.03± 

0.09b* and 6.74± 0.15∆E  Lyu et al., (2017). 

The color attributes change result for dried mango leather the a* and b* values were 

increased significantly (P<0.05) when the thickness of mango leathers and the drying 

temperature increased, whereas the L* value decreased inversely with the drying 

temperature increasing. The L* values obtained in this study was slightly decrease from 

Lüle and Koyuncu (2015) and Nyangena et al. ( 2019) findings. The authors reported that 

there was a positive correlation with formation of browning pigments through the 

Maillard reaction. The total color change (∆E) of mango leather across the thickness 

variations, were found slightly increase but non-significant differ (P>0.05), Shende et al., 
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(2019) reported that as the thickness of the mango pulp increased, the color of mango 

leather becomes darker. In the temperature variation significant different (P<0.05) value 

was observed. This result could be attributed to the changes that occurs as a result of 

lower temperature  led longer drying time. Ling et al., (2005) also state that the breaking 

down of carotenoids due to the high drying temperatures could also contribute to non-

enzymatic browning of mango leather. However, at lower temperature significant color 

change of mango leather was not observed, similar result was reported by Akoy et al. 

(2008) for the study carried out by using laboratory cross flow dryer. In the related study 

mango sample that dried at 50°C for 10hr. had comparatively higher L value than solar 

dried about 18hr. as well as samples in dryer at 65°C for 7hr. (Nyangena et al., 2019). 

Browning is being used as indicators of color change (Ndiaye et al., 2009). The degree of 

browning for this study varied from 0.30 – 0.38 which is higher than the fresh mango 

sample recorded value 0.27. Also, it can be observed that in Table 9 when the thickness 

and drying temperature increase browning of mango leather product increased and 

significant difference (P>0.05), the more browning were observed at for 5mm at 95ºC. 

The pigments responsible for color such as lycopene, β-cryptoxanthin and β-carotene, all 

are sensitive to temperature, light, and oxygen and leads to the formation of colorless 

products and color changes. The main cause of  browning reaction are both enzymatic 

and non-enzymatic as mentioned by different authors (Ndiaye et al., 2009; Korbel et al., 

2013; Diop et al., 2021),the Maillard reaction is one of the main non-enzymatic browning 

reactions. Which is a set of processes between reducing sugars and amino acids leading 

to the formation of brown colored melanoidins. 

Table 9. Effect of drying variables on product color and browning index 
Main factor L* a* b* Color∆E BI 

Thickness (mm) 

1 58.68±5.24a  14.01±1.71b 37.10±4.71ab 18.96±4.13a 0.34±0.02b 

3 59.34±5.48a 14.68±1.36ab 35.36 ±4.61b 19.28±3.61a 0.33±0.03b 

5 58.45±3.58a 15.70±1.86a 39.75±1.75a 22.15±9.58a 0.37±0.01a 

P (2, 24) 0.92 0.11 0.08 0.681 0.03 

F (2, 24) 0.08 2.37 2.83 0.515 3.91 

Temperature (ºC) 
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75 61.27±2.31a 14.60±1.02b 37.35±3.92a 19.34±4.48b 0.32±0.03c 

85 58.37±5.18ab 14.06±2.00ab 36.16±5.02a 23.57±8.90a 0.35±0.02b 

95 56.83±5.21b 15.73±1.78a 38.69±3.63a 17.46±2.75b 0.37±0.01a 

P (2, 24) 0.12 0.11 0.46 2.4793   0.00 

F (2, 24) 2.30 2.38 0.81 0.105 10.29 

Interaction (t x T) 

1mm 75°C 63.61±1.66ab   13.86±0.48b 37.59±4.60bc   17.73±4.45cd   0.32±0.00cd 

1mm 85°C 54.58±3.91c   13.44±2.19b 35.03±6.10bc   19.82±5.71cd   0.34±0.01b 

1mm 95°C 57.86±5.38bc 14.73±2.31ab  38.67±4.46bc 19.32±3.50cd   0.36±0.01ab   

3mm 75°C 59.96±2.28bc   14.93±1.48ab 35.90±5.62bc   22.60±4.80c   0.30±0.04d   

3mm 85°C 63.27±4.21ab   13.53±0.75b 32.81±3.74c   17.33±1.93cd   0.34±0.00bc 

3mm 95°C 54.79±6.50c   15.57±1.19ab 37.38±4.81bc 17.92±0.70cd   0.36±0.0ab 

5mm 75°C 60.24±1.03bc   15.02±0.73ab 38.57±1.86bc   17.70±3.70cd   0.35±0.00b 

5mm 85°C 57.27±3.87bc   15.19±2.78ab 40.64±1.03b   33.58±7.11b   0.37±0.01ab   

5mm 95°C 57.85±5.28bc   16.89±1.53a 40.04±2.10b   15.15±2.02d 0.38±0.00a 

Control 68.99±0.83a   9.41±0.03c 52.92±0.84a   - 0.27±0.00e 

P (9, 20) 0.01 0.00 0.00 0.00 0.00 

F (9, 20) 3.77 4.72 5.66 58.135 14.29 

Data: Mean + SD, mean values with the same letter in the column are not significant different 

(P<0.05). L* a* b* where L=lightness and/or whiteness, a∗=redness and/or greenness, 

b∗=yellowness and/or blueness, ∆E=total color change and BI=browning index, t=Thickness and 

T= Temperature. 

4.3.6. Textural properties 

Texture attributes of fresh and dried foods are important in the assessment of product 

quality and acceptability (Tatelbaum, 2014).Texture profile analysis (TPA) also known as 

the two-bite compression test because the sample will be compressed twice using the 

suitable probe. In this research the parameters hardness, cohesiveness and adhesiveness 

values of the mango leather products were measured. The study indicates that the 

appropriate compression for the sample is 30% from its original height and force-

deformation curve of each sample were considered as an indication of hardness, 

cohesiveness and adhesiveness of the dried mango leather product. 

Hardness 
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Hardness is the positive peak force that occurs during the first compression force (cycle1) 

directly affecting the chewiness and cohesiveness. It can be observed that from Appendix 

Table 2 and in Figure 8, 9, 10 and 11 below, the fresh mango leather that dried using 

freeze dryer the first high pick force instance occurred at 136.36±8.58 the result was 

lower than the average values 963.55±139.06g, 1661.43±74.17g and 2075.74±37.42g for 

1mm, 3mm and 5mm thickness respectively, this might be due to spongy structure and 

lower hardness of freeze dried sample (Jafari et al., 2016). Also, it can be observed that 

hardness of dried mango leather highly significant different (P<0.01) with increasing 

thickness levels of mango pulp layer and drying temperature. This increment because of 

mango contains pectin and sugar that play significant role which define the final texture 

of dried leather. Pectin and sugar solution when exposed to higher temperature for longer 

duration, a firm gel structure forms that leading to a tough or hard texture Mizrach, 

(2000); Dervisi et al., (2001). (Zahir et al., 2013)  as has been described the exposure of 

mango leather to heat during drying process resulted in the significant value in hardness 

due to constituent’s polysaccharide cell wall depolymerization such as pectin becomes 

less plasticized in higher temperatures (Jafari et al., 2016).Thick mango (3mm and 5mm) 

leather takes more chewing force to break it down, which means harder and more 

cohesive than mango leather which had less thickness (1mm). In the relate study of effect 

of temperature and residual moisture content on the texture of apple slices using tray 

dryer  by (Martynenko and Janaszek, 2014)  when the drying temperature increasing from 

40ºC – 80ºC the hardness of dried apple increased correspondingly. 

Cohesiveness 

Cohesiveness is determining how well the product withstands a second deformation 

(cycle 2) relative to its resistance under the first deformation (cycle 1), highly cohesive 

shows, it takes a great many chews to break down. In this study fresh mango leather 

mean value obtained 0.93±0.13 which is close result showed 0.97±0.00, 0.96±0.01 and 

0.73±0.35 for 1mm, 3mm and 5mm thickness respectively and non-significant different 

(P>0.05) value observed in the drying variables. Wee et al., (2018) stated that the faster 

eating rate modify risk factor of obesity associated with greater energy intake during a 

meals and foods consumed with fewer chews or large bites tend often to be eaten greater 
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quantities, to slow down the eating rate the foods texture needs to be modify such as 

increase consistency or hardness. 

Adhesiveness 

In this study adhesiveness for fresh mango samples were obtained 11.26 ±1.61 g.s and 

significant different (P<0.05) value observed. This result showed grater adhesiveness 

than from the adhesion of mango leather that dried using batch window refractance dryer, 

this result might be the mango leather was soft and slightly sticky (Jafari et al., 2016). 

Adhesiveness were obtained average of 1.22±7.3 g.s, 2.26 ±0.68 g.s and 2.30±1.17 g.s 

for 1mm,3mm and 5mm thickness respectively. Adhesiveness is measured as the 

negative force between the two cycles, and the force resisting, withdrawal movement of 

the prop. The product has stuck to the probe and does not actually separate till negative 

highest point between the two cycle, It can be interpreted as a sticky mouthfeel and the 

values express in negative form (Bianchi et al., 2016;Singh et al., 2013). It was also 

related with the sensation of swallowing difficulty, low moisture content it is not 

surprising that the product had no adhesion between the two compressive the food having 

low adhesiveness value easier to swallow (Park et al., 2020). 

Generally, according to (Wee et al., 2018 ;Katsuyoshi et al., 2013) there is standard 

criteria for foods authorized for individuals with swallowing difficulty 100g – 5000g 

hardness, 0.2≤ – 0.75-0.94 cohesiveness and 0g.s – -600g.s adhesiveness, the lower and 

higher values indicates slightly swallowing difficulty and serious swallowing difficulty  

respectively and between the range also presented moderate swallow difficulty 

(Katsuyoshi et al., 2013). According to the standard the results found for hardness, 

cohesiveness and adhesiveness in this study fall within sightly and moderate swallow 

difficulty. 

Table 10. Effect of main drying variables on product texture 
Main factor Hardness (g) Cohesiveness (A2/A1) Adhesiveness (g.s) 

Thickness (mm) 

1 963.55±207.99c 0.97±0.03a -0.94±3.34a 

3 1661.40±29.95b 0.95±0.00a -2.26±2.30a 

5 2075.75±307.55a 0.75±0.60a -2.00±3.06a 
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P (2, 24) 44.73 0.68 0.61 

F (2, 24) 0.00 0.52 0.51 

Temperature (℃) 

75 1372.49±524.98c 0.94±0.01a -0.35±1.48a 

85 1505.20±353.21b 0.75±0.60a -2.90±3.44b 

95 1823.04±616.94a 0.97±0.02a -1.95±3.03ab 

P (2, 24) 1.85 2.48 1.94 

F (2, 24) 0.18 0.10 0.17 

Data: Mean + SD, mean values with the same letter in the column are not significant different 

(P<0.05). 

 
Figure 8. Effect of leather thicknesses that 

dried 75°C drying temperature. 

 
Figure 9.Effect of leather thicknesses that 

dried 85°C drying temperature. 
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Figure 10.Effect of leather thicknesses 

that dried 95°C drying temperature. 

 
Figure 11.Effect of dried pulp using freeze 

dryer (control). 

 

4.4. Microbial Qualities of Dried Mango Leather 

Drying is a common food preservation technology that reduces food waste and promotes 

food preservation by reducing microbial growth and increasing the shelf life of fruits 

(Doyle, 2014). In the current study microbial load for fungi (yeast and mold) and bacteria 

were determine for fresh mango pulp and leather powder. The control sample of fresh 

mango pulp determined at the ambient temperature 25℃, fungi and bacteria loading were 

found 1.61±0.06 log CFU/ml10-1 and 1.79±0.05 log CFU/ml10-1 respectively. The 

observation of bacteria and fungi was higher than thus dried using BWRD. The fresh 

mango pulp microbial load increase might be because of microbial contamination and 

high moisture content (Akhtar et al., 2010). Also rich in nutrients favors the growth of 

microorganisms and led for many food borne pathogens (Nayik et al., 2013). Mango is a 

nutritional reach fruit with high content of total soluble solids and sugar that leads the 

growing of certain microbes on the surface and inside the mango tissues (Siddiq, 

2017).Microbial growth could be affected by different factors such as pH, surrounding 

temperature and preservations (Yao et al., 2020).   

 Removing moisture from the foods are essential to eliminate pathogens in the food chain 

and to increase the shelf life of the food products (Castoldi et al., 2015). In the drying 
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temperature the temperature levels increase from 75ºC to 95ºC the fungi and bacteria 

were showed in the range of 0.96±0.08 to 0.15±0.19 Log CFU/ml10-1 and 1.21±0.06 to 

0.26±0.36 Log CFU/ml10- 1 respectively far-infrared dried mango slices. In related study 

parallel result obtained 1.0 Log CFU/ml10- 1 and 1.3 Log CFU/ml10- 1 for fungi and 

bacteria count respectively. This clearly indicates that the drying process of mango pulp 

to obtain mango leather greatly reduced the microbial load. In the thickness variations 

non-significantly differ (P>0.05) were observed. The work of Sagar (2010) reported that 

at the water activity values lower than 0.62, microbial growth were not detected in dried 

fruit and vegetable products. Sagar (2010) stated that the lowest water activity essential 

for the growth of the majority of bacteria, yeast and molds are 0.9, 0.85 and 0.65 

respectively. ..Rostami et al. (2017) describe that window refractance drying technology 

comparable with other dryer in the reduction of microbial load of dried products  

According to ISO standard 4833-2 microbiology of the food chain and Minister of Health 

Canada (2013) the microbial load in total fungi (yeast and mold) and bacteria in food that 

use for consumption should be lower than 106 colony forming unit per milli litter 

(CFU/ml) hence, the result found in this investigation the microbial load in mango 

leathers product and fresh mango pulps vary lower compared to the standard and can be 

ready to eat after drying. 

Table 11. Effect of drying variables on product quality (fungi and bacteria) 
Main factors Fungi (yeast and mold) 

(Log CFU/ml10-1) 

Bacteria  

(Log CFU/ml10-1) 

Thickness (mm)   

1 0.66±0.33a 0.85±0.54a 

3 0.60±0.40a 0.79±0.53a 

5 0.60±0.40a 0.91±0.39a 

P (2, 24) 0.06 0.14 

F (2, 24) 0.94 0.87 

Temperature (℃)   

75 0.96±0.08a 1.21±0.06a 

85 0.75±0.10b 1.07±0.09a 

95 0.15±0.19c 0.26±0.36b 

P (2, 24) 89.78 49.75 
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F (2, 24) 0.00 0.00 

Interaction (t x T)   

1mm 75°C 0.92±0.08bcd  1.25±0.04b  

1mm 85°C 0.80±0.08bcd 1.13±0.06b  

1mm 95°C 0.26±0.24e 0.16±0.27d   

3mm 75°C 0.97±0.07bc  1.22±0.05b  

3mm 85°C 0.74±0.12cd  1.05±0.10b  

3mm 95°C 0.10±0.17e 0.10±0.17d  

5mm 75°C 0.99±0.09b 1.17±0.06b  

5mm 85°C 0.71±0.12d  1.02±0.08b   

5mm 95°C 0.10±0.17e  0.53±0.50c   

Control (F. Pulp) 1.61±0.06a   1.79±0.05a  

P (9,20) 0.00 0.00 

F (9,20) 36.417 21.324 

Data: Mean + SD, mean values with the same letter in the column are not significant different 

(P<0.05), Thickness=t and Temperature=T. 

 

4.5. Sensorial Qualities of Mango Leather 

Consumers want high quality, economically priced, healthy and convenient food that 

satisfies their sensorial expectations (Lee et al., 2008). In this research the sensory 

samples of mango leather thus dried using BWRD and FD were prepared and coded. The 

scored result showed in Appendix Table 3 and summarized in 15, 16, 17 and 18 below 

the mango pulp samples that dried using freeze dryer has lower score and most of the 

results fall within in the sensorial attributes neither like nor dislike such as sweetness, 

flavor, stickiness and crispness and overall acceptability, and only the color parameter 

was liked by panelists. It can be showed that fresh dried sample has lower acceptability 

than mango leather samples that dried using BWRD. Higher scored by panelists were 

observed at 5mm thickness with the drying temperature of 75ºC and 85ºC.  

The dried mango products preference are closely related to their sweetness (total soluble 

solid) and acidity (pH), teste improved with increasing sweetness and decreasing acidity, 

Whereas the authors stated that mango products are soft and elastic, the declining 

acceptance of crispness it could be attributed to the softening of the pulp, high moisture 
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as well as high total soluble solids content (Appiah et al., 2011). The current sensory 

evaluation noticed that the two factor (temperature and thickness) variations of the 

ANOVA value were showed non-significant difference (P>0.05), but the overall 

acceptability in sensorial attributes showed that 5mm thickness of mango leather that 

dried using 85ºC drying temperature has the most preferable by the panelists.  

 

 

 

 

 

Table 12. Effect of main drying variables on sensorial attributes of mango product 
Main 

factor 

Color Flavor Crispness Sweetness Stickiness Overall 

acceptability 

Thickness (mm) 

1 5.53±0.94a 5.25±0.77a 4.83±1.33a  5.28±1.21a  5.40±1.0 a 5.23±0.98a  

3 5.30±1.23a 5.06±1.20a 4.80±1.07a  5.18±1.17a  5.17±1.32a  5.23±0.93a   

5 5.52±1.01a 5.07±1.01a 4.95±1.28a  5.37±1.25a  5.26±1.24a 5.44±0.80a 

P (2,246) 1.29 0.88 0.69 0.52 0.52 0.22 

F (2,246) 0.28 0.42 0.37 0.59 0.59 1.50 

Temperature (℃) 

75 5.37±0.97a 5.13±0.83a  4.80±1.17a 5.40±1.04a  5.40±1.04a  5.36±0.65 ab 

85 5.55±1.23a 5.14±1.12a  5.00±1.29a 5.17±1.32a 5.17±1.34a  5.42±1.00a 

95 5.43±1.00a 5.10±1.08a 4.77±1.23a  5.26±1.24a 5.26±1.24a  5.12 ±1.00b  

P (2,246) 0.60 0.04 0.86 0.83 0.828 0.09 

F (2,246) 0.55 0.96 0.43 0.44 0.438 2.42 

Data: Mean + SD, mean values with the same letter in the column are not significant different 

(P<0.05). 
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Figure 12. Sensorial evaluation result by 

panelists for 1mm thickness leather 

 

Figure 13. Sensorial evaluation result by 

panelists for 3mm thickness leather 

 

Figure 14.Sensorial evaluation result by 

 

Figure 15. Sensorial evaluation result by 
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panelists for 5mm thickness leather panelists for freeze dryer samples 

 

Where; 1=Dislike extremely, 2=Dislike very much, 3=Dislike, 4=Neither like nor a dislike, 

5=Like, 6=Like very much, 7= Like extremely. 

4.6. Modeling of Thin Layer Drying Kinetics of Mango Pulps  

4.6.1. Moisture ratio 

The drying curves for mango pulp were obtained by plotting the moisture ratio versus 

drying time as influenced by drying temperatures. The effect of three temperatures on the 

drying curve of mango leather are shown in Figure 16, 17 and 18. It was observed that 

there is no constant drying period in the drying of mango leather and all drying process 

occurred in the falling rate period. This observation were similar to the study of thin layer 

drying characteristics of mango (Ampah et al., 2022), papaya (Manzoor et al., 2019), 

banana (Omolola et al., 2014), apple (Rafiee et al., 2010) and cape gooseberry (Vega-

gálvez et al., 2012) This indicates the diffusion is the dominant physical mechanism 

governing the moisture movements in mango pulps. 

 
Figure 16. Experimental drying curves for 

different mango pulps at 75°C. 

 
Figure 17. Experimental drying curves for 

different mango pulps at 85°C. 
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Figure 18. Experimental drying curves for different mango pulps at 95°C. 

 

4.6.2. Mathematical modeling 

Ten thin layer drying mathematical models, drying rate constants and coefficients of 

models tested were determined by non-linear regression analysis. The models were fitted 

to assess the suitability of experimental data moisture ratio (MR) verses time(min) for 

drying of mango pulp, as showed in table 13, 14 and 15. According to the results of 

statistical analysis, page model gave the best results for description of thin layer drying of 

mango pulp. The comparison was based on highest coefficient (near to one) of 

determination (R2) values and lowest sum square error (SSE) (near to zero) and root 

mean square error (RMSE) (near to zero). In the related study the page model were 

selected as best model for mango slices using oven dryer (Akoy, 2014; Ampah et al., 

2022), onion slices using mechanical dryer (EL-Mesery, 2012). 

 

 

 

Table 13.Value of the drying constant and the drying coefficient of the selected models 

for 1mm thickness mango pulp 
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temperature 

(°C) 

constants  coefficients 

Newton 75 k=0.0193 - 0.9700 0.0559 0.0437 

85 k=0.0217 - 0.9204 0.1003 0.1107 

95 k=0.0217 - 0.9094 0.1107 0.1102 

Page 

 

75 k=0.0050 n=1.3110 0.9877 0.0371 0.0179 

85 k=0.0011 n=1.7620 0.9831 0.0494 0.0244 

95 k=0.0008  n=1.8650 0.9902 0.0387 0.0120 

Modified 

page (I) 

 

75 k=0.7053 n=0.0274 0.9750 0.0500 0.0437 

85 k=-1.809 n=0.0102 0.9234 0.1052 0.1107 

95 k =0.7051    n=0.0274 0.9150 0.1067 0.0910 

Henderson 

and Pabis 

75 k=0.02069 a=1.0710 0.9763 0.0515 0.0345 

85 k=0.02447 a=1.1310 0.9436 0.0900 0.0816 

95 k = 0.0245   a=1.1320    0.9331 0.1008 0.0813 

Logarithmic 

 

75 k=0.0186 a=1.1040 

c=-0.0460 

0.9780 0.0517 0.0321 

85 k=0.0182 a=1.2610 

c=-0.1582 

0.9539 0.0860 0.0666 

95 k=0.01173  

 

a=1.6480   

c= -0.5652 

0.9636 0.0796 0.0443 

Two-term 

 

75 k1=0.0225 

k2=2.1820 

a=0.0000 

b=1.1310 

0.9436 0.0101 0.0816 

85 k1=0.0611 

k2=0.0448    

a =-3.582 

b =4.5780   

0.9855 

 

0.0512 0.0210 

 

95 k1=0.0195 

k2=0.0249     

a= 1.0810  

b=0.0000 

0.9161 0.0732 0.0321 

 

Two-term 

exponential 

75 k1=0.0225 

k2=2.1820 

a=1.1680 0.9780 0.0560 0.0345 

85 k1=0.0218 

k2=0.0335 

a=0.6460 0.9234 0.1109 0.1107 

   

95 k1=0.0449  

k2=0.0133 

a=4.5770   0.9855 

 

0.0483 0.02101 

Midilli and 

others et.al 

75 k= 0.0196   a=1.0620   

b=-0.0002    

0.9773 0.3525 0.0331 
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 t=drying time (min), k1, k2=empirical coefficients in the drying models (h-1), a, b, and c=model 

coefficients or empirical constants in the drying models and n=number of terms of the equation. 

 

 

 

 

 

 

 

 

 

 

 

 

Table 14. Value of the drying constants and the drying coefficient of the selected models 

for thin layer drying of 3mm thickness mango pulp  
Model name   Drying 

temperature 

drying 

constants 

Drying 

coefficient 

R2 RMSE  SSE 

85 k =0.0206   a =1.1050   

b=-0.0009 

0.9520 0.0878 0.0695 

 

95 k=-0.0102   a=1.0950   

b=0.0299  

0.9735 0.0678 0.0322 

 

Wang and 

singh 

75 - a=-0.0153 

b=0.0000 

0.9898 0.0339 0.0149 

85 - a=-0.0171        

b = 0.0000 

0.9563 0.0794 0.0631 

  

95 - a= -0.0154  

b = 0.0000  

0.9575 0.0804 0.0517 

Diffusion 

approach 

75 k1=0.0208 

k2=0.1823   

a =0.0164   

b= 0.1060  

0.9700 0.0631 0.0437 

 

85 k1=0.0327 

k2=0.1124  

a =1.6310   

b =1.0560 

0.9830 0.0554 0.0246 

  

95 k1=0.0217 

k2=0.1058 

a= 0.3217 

b= 0.2048 

0.9094 0.1355 0.1102 
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(°C) 

Newton 75 k=0.0087    - 0.9770 0.0451 0.0550 

85 k=0.0098   - 0.9368 0.0813 0.1387 

95 k=0.0120    - 0.8992 0.1148 0.2240 

Page 

 

75 k=0.0025  n=1.2570   0.9933 0.0248 0.0160 

85 k=0.0007   n=1.5720   0.9894 0.0342 0.0234 

95 k=0.0002 n=1.9320  0.9938 0.0293 0.0138 

Modified 

page (I) 

 

75 k=0.3991   n=0.0218   0.9770 0.0460 0.0550 

85 k=0.0127   n=0.7695    0.9368 0.0833 0.1387 

95 k=0.0917  n=0.1313  0.8992 0.1183 0.2240 

Henderson 

and Pabis 

75 k=0.0092  a= 1.054   0.9810 0.0418 0.0454 

85 k=0.0109   a=1.1100    0.9528 0.0720 0.1036 

95 k=0.0143  a=1.1870   0.9380 0.0928 0.1378 

Logarithmic 

 

75 k=0.0058  a=1.2430   

c=-0.2388    

0.9951 0.0217 0.0118 

85 k=0.0054 a=1.5330   

c=-0.4860  

0.9792 

 

0.0490 0.0456 

 

95 k=0.0075   a=1.5790 

c =-0.4522 

0.9664 

 

0.0705 0.0746 

Two-term 

 

75 k1=0.0155 

k2=0.0147  

a=-12.0500   

b=13.0400 

0.9939 0.0247 0.0145 

85 k1=0.0100 

k2= 4.2450 

a=1.1100 

b=0.0000 

0.9528 0.0759 0.1036 

 

95 k1=3.2060 

k2=0.0143   

a=0.0000 

 b=1.1870 

0.9380 0.0992 0.1378 

Two-term 

exponential 

75 k1=3.0970 

k2= 0.5831   

a=0.0147    0.9746 0.04931 0.0608 

85 k1=0.0236 

k2=29.010  

a=0.0003   

 

0.9368 0.08546 0.1389 

95 k1=0.0639 

k2=108.20   

a =0.0001 0.8992 0.1184 0.2242 

Midilli and 

others 

75 k=0.0069  a=1.0070   

b=-0.0005   

0.9946 0.0227 0.0129 
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models 85 k=0.0070   a=1.0480   

b=-0.0011  

0.9782 0.0502 0.0478 

95 k=0.0095      a=1.1270  

b=-0.0014   

0.9647 

 

0.0723 0.0785 

 

Wang and 

singh 

75 - a=-0.0066  

b=0.0000   

0.9969 

 

0.0170 0.0075 

 

85 - a=0.0070  

b=0.0000  

0.9795 0.0474 0.0450 

95 - a=-0.0085 

b= 0.0000   

0.9529 

 

0.0809 

 

0.1047 

 

Diffusion 

approach 

75 k1=2.4800 

k2=0.0565   

a=-0.0787 

b=0.1662  

0.9828 0.0414 0.0411 

 

85 k1=0.0160  

k2=1.5560   

a=2.1500   

b=0.0193      

0.9849 

 

0.0429 

 

0.0331 

95 k1=0.0240 

k2=0.2321 

a=3.053 

b=0.1783 

0.9947 

  

0.0291 0.0119 

 

t=drying time (min), k1, k2=empirical coefficients in the drying models (h-1), a, b, and c=model 

coefficients or empirical constants in the drying models and n=number of terms of the equation. 

 

 

 

 

 

 

 

 

 

 

 

 

Table 15.Value of the drying constants and the drying coefficient of the selected models 

for thin layer drying of 5mm thickness mango pulp 
Model 

Name 

Drying 

temperature(°

Drying 

constants 

Drying 

coefficients 

R2 RMSE SSE 
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C) 

Newton 75 k=0.0064 - 0.9505 0.0703 0.1828 

85 k=0.0057 - 0.9273 0.0850 0.2238 

95 k=0.0074 - 0.8378 0.1421 0.4240 

Page 

 

75 k=0.0005 n=1.4830 0.9916 0.0294 0.0312 

85 k=0.0002 n =1.6600 0.9985 0.0123 0.0046 

95 k=8.95e-06 n=2.3960 0.9900 0.0362 0.0262 

Modified 

page (I) 

 

75 k=0.1186 n =0.0542 0.9505 0.0712 0.1828 

85 k=0.0190 n =0.2988 0.9273 0.0864 0.2238 

95 k=0.8252 n =0.0090 0.8378 0.1456 0.4240 

 

Henderson 

and Pabis 

75 k=0.0071 a =1.1130 0.9651 0.0598 0.1289 

85 k=0.0065 a =1.1400 0.9548 0.06806 0.1390 

95 k= 0.0090 a =1.1900 0.8846 0.1228 0.3016 

Logarithmic 

 

75 k=0.0071 

 

a =1.1130 

c =1.88e-08 

0.9651 

 

0.0607 0.1289 

 

85 k=0.0021 a=2.1220 

c =-1.064 

0.9908 0.03123 0.0283 

 

95 k=3.19e-05 

 

a=161.700 

c =-160.7 

0.9701 

 

0.06408 0.0780 

 

Two-term 

 

75 k1=10.410 

k2=0.0071 

a=1.1130 

b=7.47e-07 

0.9651 

 

0.06158 0.1289 

85 k1=0.0065 

k2=10.690 

a =1.1400 

b=2.14e-07 

0.9548 

 

0.07045 0.1390 

 

95 k1=0.0090 

k2=2.7590 

a=1.1890 

b =0.000 

0.8846 

 

0.1294 0.3016 

 

Two-term 

exponential 

75 k1=0.0064 

k2=0.0594 

a=0.1082 0.9505 

 

0.07226 0.1828 

 

85 k1=2.4760 

k2=3.9970  

a= 0.0014 0.9262 

 

0.0864 0.2255 

95 k1=0.0083 

k2=14.670    

a=0.0005 0.8378 

 

0.1494 0.4240 

 

Midilli and 

others 

75 k= 0.0071   a=1.1130   

b=0.000  

0.9651 0.0598 0.1289 
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models 85 k=0.0033   a=1.0580   

b=-0.0012  

0.9903 

 

0.0320 0.0297 

 

95 k=1.40e-07 a=1.0890  

b=-0.0053  

0.9722 

 

0.0618 0.0725 

 

Wang and 

singh 

75 - a=-0.0049   

b =0.0000 

0.9843 0.0401 0.0579 

 

85 - a=-0.0038  

b=0.0000    

0.9870 0.0365 0.0401 

 

95 - a=-0.0035   

b=-7.8e-06    

0.9675 

 

0.0652 0.0851 

 

Diffusion 

approach 

 

75 k1=0.0064 

k2=0.0869 

a=0.0014   

b=0.0740    

0.9505 

 

0.0733 0.1828 

 

85 k1=0.0099  

k2=0.1173   

a=2.2550 

b=0.1616    

0.9940 

 

0.0258 0.0186 

 

95 k1=0.0136   

k2=0.0904    

a=0.0011  

b=0.0821   

0.8377 

 

0.1535 0.4242 

 

t=drying time (min), k1, k2=empirical coefficients in the drying models (h-1), a, b, and c=model 

coefficients or empirical constants in the drying models, n=number of terms of the equation. 
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Figure 19. Experimental vs. predicted 

moisture ratio by the Page model for 1mm 

thickness at 75ºC. 

 
 

Figure 20. Experimental vs. predicted 

moisture ratio by the Page model for 1mm 

thickness at 85ºC. 

 
Figure 21. Experimental vs. predicted moisture ratio by the Page model for 1mm 

thickness at 95ºC. 
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Figure 22. Experimental vs. predicted 

moisture ratio by the Page model for 3mm 

thickness at 75ºC. 

 
Figure 23. Experimental vs. predicted 

moisture ratio by the Page model for 3mm 

thickness at 85ºC. 

 
Figure 24. Experimental vs. predicted moisture ratio by the Page model for 3mm 

thickness at 95ºC. 

 

MR (experimental)

0.0 0.2 0.4 0.6 0.8 1.0 1.2

M
R

 (
p

r
e
d

ic
t
e
d

)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

y=0.9886x-0.0008

R2=0.9938

MR (experimental)

0.0 0.2 0.4 0.6 0.8 1.0 1.2

M
R

 (
p

r
e
d

ic
t
e
d

)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

y=0.9745x+0.0141

R2=0.9896

MR(expermental)

0.0 0.2 0.4 0.6 0.8 1.0 1.2

M
R

 (
p

r
e
d

ic
t
e
d

)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

y=0.993x+0.0165

R2=0.9952



69 

 

 
Figure 25. Experimental vs. predicted 

moisture ratio by the Page model for 5mm 

thickness at 75ºC. 

 
Figure 26. Experimental vs. predicted 

moisture ratio by the Page model for 5mm 

thickness at 85ºC. 

 
Figure 27. Experimental vs. predicted moisture ratio by the Page model for 5mm 

thickness at 95ºC. 

 

4.7. Determination of Effective Diffusivity on Drying Process of Mango Pulps 

Effective moisture diffusivity describes all possible mechanisms of moisture movement 

within the food. The drying data in the falling rate period are usually analyzed by Fick’s 

diffusion equation by Crank, (1975). In this research the approximated linear relationship 

between ln(MR) and drying time (t) with levels of drying temperature was used to 

calculate the moisture effective diffusivity of mango pulps.  
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Figure 28. Experimental linear relationship between ln MR and drying time at 75°C. 

 

 
Figure 29. Experimental linear relationship between lnMR and drying time at 85°C. 
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Figure 30. Experimental linear relationship between lnMR and drying time at 95°C. 

 

Mango pulp dried sample using 75°C, 85°C and 95°C exhibited effective diffusivity 

ranged from 2.451*10-13 to 5.935*10-13 m2/s for 1mm, 6.54*10-1 to 1.691*10-12 2 m2/s for 

3mm and 9.94*10-13 to 3.019*10-12 m2/s 5mm. The 5mm thickness of mango leather 

which are larger diffusivity than those exhibited by the 1mm and 3mm dried sample. 

Also, the result showed the temperature increase the defeasibility of mango pulp also 

increased. (Taghinezhad et al., 2021) as has been described the rate of moisture 

evaporation and rapid transfer to hardening in the samples with less thickness much faster 

than that of thicker samples, thus causes restrictions in moisture transfer and leads to 

decreasing moisture diffusible coefficient. 

This result were closely related with reported values by Taylor (2010) effective 

diffusivity fall in the range of 10-6 to 10-12 m2/s for moist food materials. In the similar 

study mango slices 1mm and 2mm thickness were dried by using the refractance window 
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drying temperature was changed from 80°C to 95°C (Nguyen et al., 2022). Effective 

diffusivity increases when the drying temperature and mango pulp thickness is increased 
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because it undergoes less shrinkage than the thinner sample of 1mm thickness. Thus, the 

greater shrinkage undergone by the thinner sample, ends up outweighing and it caused 

lower effective diffusivity (Quintero et al., 2012). 

 
Figure 31. Effect of drying temperature on 

the effective diffusivity water for 1mm 

mango pulp thickness. 

 
Figure 32. Effect of drying temperature on 

the effective diffusivity water for 3mm 

mango pulp. 

 
Figure 33. Effect of drying temperature on the effective diffusivity water for 5mm 

mango pulp thickness. 
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4.8. Determination of Activation Energy on Drying Process of Mango Pulps 

Activation energy is a measuring of the temperature sensitivity and the energy needed to 

initiate the moisture diffusion with in the internal area of mango pulps (Manzoor et al., 

2019). Activation energy (Ea) of dried mango pulps were calculated by plotting lnDeff 

verses 1/T based on the outcomes of a linear relationship derived from the Arrhenius-type 

equation.  

The activation energy result was found 46.179 kJ/mol, 49.492 kJ/mol and 57.481 kJ/mol 

for 1mm, 3mm and 5mm respectively. It can be observed that for 5mm are the most 

temperature sensitivity than 1mm and 3mm thick of layers. This value similar and falls 

within the report values by Taylor (2010) using different convective type batch dryers. 

The result exposed that the activation energy in foods materials were ranged from 12.32 

to 82.93 kJ/mol. The value of activation energy shows the sensibility of the diffusivity 

against temperature the greater value of activation energy means more sensibility of 

diffusion to drying temperature. Similar study showed the activation energy for mango 

and avocado pulps when the drying temperature was changed from 80°C to 95°C the 

activation energy was 32.06 and 66.03 kJ/mol respectively (Nguyen et al., 2022). 

 
Figure 34. Arrhenius type relationship 

between effective diffusivity and 

temperature for 1mm mango pulp thickness. 

 

 
Figure 35. Arrhenius type relationship 

between effective diffusivity and 

temperature for 3mm mango pulp 

thickness. 
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Figure 36. Arrhenius type relationship between effective diffusivity and temperature for 

5mm mango pulp thickness. 
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CHAPTER FIVE 

5. Conclusion and Recommendation 

5.1. Conclusion 

The window refractance dryer is a potential drying technique for the drying of fruit pulps. 

The result of the present study showed that window refractance dryer operated with lower 

temperature and thickness level resulted somehow comparable nutrient retained with their 

fresh mango samples. The drying time required for (BWRD) to reach a final moisture 

content for 5mm (9.13 ± 0.55) was higher than that of 3mm (7.47 ± 1.09) and 1mm (5.86 

± 0.17) thickness and thus affected the physicochemical properties of mango leather and 

energy efficiency of the dryer. 1mm at 95ºC better showed for overall energy efficiency 

of the dryer whereas total carotenoids, phenolics, flavonoids, and vitamin C better 

retention were showed in lower thickness 1mm and at lower drying temperature 75ºC and 

obtained 96.27%, 63.45%, 63.92% and 51.55% respectively, relative to their fresh mango 

pulp. The hardness of the lathers had significantly different (P<0.05) values, when the 

pulp thickness and drying temperature increased. Long drying brought harder in texture 

and the lower mango pulp thickness result weaker texture (lower peak force). Microbial 

analysis of mango leather shows that the product has safe level for consumption after 

drying and reduced the microbial load than their fresh mango pulp. The sensorial result 

also indicates the water temperature using 75°C and 85°C for 5mm thickness has been 

well acceptable by panelists. Across thickness variables all parameters color, sweetness, 

flavory, chewiness, crispness and overall acceptability has higher satisfactoriness and 

non-significant differences (P>0.05) than samples that dried using freeze dryer. Drying 

kinetics of mango pulp was studied and observed the drying took long period of time in 

the failing rate period and statistical model available in the literature were fitted based on 

statistical test and page model were found the best fitted model. The increasing thickness 

of mango pulp exhibited high moisture effective diffusivities and activation energy than 

that of lower thickness 1mm of mango pulp, the value also exposed that the temperature 

sensitivity mango pulps increase when the thickness of pulp layer increase.  
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5.2. Recommendation 

The study shows that the window refractance dryer is an important drying system that 

provide nutrition retention and safety of mango pulps while drying. Recommendations 

from this research finding were: -  

 1mm layer of mango pulp thickness with the water temperature at 75ºC was 

suggested for drying of mango pulps for better retention of physicochemical 

property and quality although, better for overall energy efficiency of the dryer.  

 The dried mango leather using BWRD has higher consumer acceptability and safe 

for consumption after drying.  

 Page model was suggested that best fitted model for drying curve of mango pulp as 

a leather. 

 Mango drying using BWRD need to be studded for other dried products, such as 

chips. 

 Further study is needed, for the shelf life of mango leather product after drying. 

 To increase the drying capacity and to further reduce the drying time, the existing 

window refractance dryer need to be improved.  

 In order to use this technology for other fruit and vegetables it necessary to study 

the drying process and identify optimum operating condition.  

 Generally, the machine should be multiplied and promoted to address stakeholder’s 

challenges in handling and processing of fruit and vegetables thereby reduce 

qualitative and quantitative losses, as well as to maintain food safety. 
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7. Appendices 

Appendix I. ANOVA Tables 

Appendix Table 1. Effect of treatments (combine drying variables) on overall energy 

efficiency of BWRD.  
t x T QT (KJ)  QM (KJ)  EE%  

1mm 75°C 1877.43±29.08a 38.52±1.10f 48.75±0.77c 

1mm 85°C 1886.26±15.75a 30.26±0.72g 62.35±1.20b 

1mm 95°C 1884.17±5.20a 24.58±1.30h 76.82±4.38a 

3mm 75°C 1852.82±15.12b 46.58±0.84c 24.82±0.37f 

3mm 85°C 1883.51±5.70a 57.86±0.16d 32.55±0.16e 

3mm 95°C 1878.11±7.19a 46.59±1.27e 40.34±1.23d 

5mm 75°C 1864.61±5.65ab 101.79±1.10a 18.32±0.24h 

5mm 85°C 1881.56±4.91a 85.28±1.65b 22.06±0.41g 

5mm 95°C 1877.43±29.08a 57.77±0.55d 32.50±0.37e 

P (4, 16) 0.65 0.00 0.00 

F (4, 16) 0.62 218.29 19.53 

Data: Mean + SD, mean values with the same letter in the column are not significant different 

(P<0.05), EE= is overall drying efficiency of the dryer. QT =Total energy needed for drying 1kg 

of mango pulp sample and QM =Measured energy consumption by voltage meter Thickness=t and 

Temperature=T. 

Appendix Table 2. Effect of Treatments (combined drying variables) on product texture 
t x T Hardness (g) Cohesiveness (A2/A1) Adhesiveness(g*s) 
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1mm 75°c 750.50 ±65.41f 0.93±0.00a  -0.42±1.79a 

1mm 85°c 1059.52±128.81e  0.97±0.00a  -3.21±5.45abc 

1mm 95°c 1080.63±222.9 5e 1.00±0.00a  -0.03±0.04a 

3mm 75°c 1412.46±84.29d  0.96±0.00a    -1.77±0.04ab 

3mm 85°c 1655.57±115.99c  0.95±0.00a -4.87±1.97bc 

3mm 95°c 1916.27±22.24 b 0.96±0.01a  -0.13±0.03a 

5mm 75°c 1954.50±14.36b 0.93±0.00a  -0.31±1.00a 

5mm 85°c 1800.52±79.48bc  1.04±0.34a  -0.62±0.23a 

5mm 95°c 2472.22±18.41a  0.95±0.01a  -5.68±2.29c 

Control 136.36±8.58 g    0.93±0.01a   -11.26±1.61d 

P (9,20) 0.00 0.45 0.00 

F (9,20) 141.36 1.03 9.09 

Data: Mean + SD, mean values with the same letter in the column are not significant different 

(P<0.05), Thickness=t and Temperature=T. 

Appendix Table 3. Effect of Treatments (combined drying variables) on product sensory 

qualities 
t x T Color  Flavor  Crispness Sweetness Stickiness O.A 

1mm 75°c 5.25±0.93b 5.29±0.60a  4.46±1.14bc 5.46±0.84a  4.64±0.78a  5.04± 0.58 b 

1mm 85°c 5.89±0.99a 5.25±0.97 a 4.86±1.48 ab 5.04±1.45a  4.61±1.52a  5.36±1.22ab  

1mm 95°c 5.32±0.82ab 5.14± 0.70 a 5.25±1.26a  5.25±1.35a  4.79±1.37a  5.25±1.08ab  

3mm 75°c 5.29±0.93ab  5.00±0.90ab 4.71±0.96abc 5.39±1.06a  4.93±1.27a  5.39±0.57ab  

3mm 85°c 5.18±1.52b 5.07±1.41a   4.89±1.06ab  5.11±1.34a 4.61±1.20a  5.25±1.04ab   

3mm 95°c 5.43±1.20ab  5.11±1.29a  4.79±1.23ab 5.03±1.14a  4.64±1.47a 5.04±1.10b 

5mm 75°c 5.57±1.03ab  5.11±0.96a  5.25±1.29 a 5.36±1.22a  4.89±1.23 a  5.64±0.68a   

5mm 85°c 5.57±1.03ab  5.11±0.96a  5.25±1.29 a  5.36±1.22a  4.89±1.23a  5.64±0.68a   

5mm 95°c 5.25±0.93ab 5.00±1.15ab  4.36±1.06bc  5.39±1.34a 4.75±1.24 a 5.04±0.88b 

Control 5.89±0.99b  4.46±1.77b  4.11±1.50c  4.25±1.84b  4.54±1.37a 4.43±1.50c  

P (9,270) 0.398 0.331 0.00 0.029 0.961 0.000 

F (9,270) 1.053  1.145  2.869  2.105  0.338  3.691 

Data: Mean + SD, mean values with the same letter in the column are not significant different 

(P<0.05). O. A= overall acceptability, Thickness=t and Temperature=T. 
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Appendix II. Figures   

 
Appendix Figure 1. Standard curve for total phenolic 

 

 
Appendix Figure 2. Standard curve for total flavonoid. 
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Appendix III. Sensorial Evaluation Form 

Date; ________________________                       Sex; _____________                                                

Study Sites: - Adama (Melkassa Agricultural Research Center) 

Sensory evaluation ballot for dried mango leather samples 

This form is developed to assess and identify the mango dried samples from the persons that 

visually evaluate the product acceptability for color and appearance tests. After that, they will 

instruct to masticate piece of the test samples. All data will be kept confidential and will be 

used for academic purpose only and your response will have direct impact on the quality of the 

research, I kindly request you to fill out all the blanks honestly. You are kindly requested to 

taste the samples and indicate your response by putting the values given below (seven- 

point hedonic scale having values) in front of each attribute and don’t forget to rinse 

your mouth after taste. 

1= Dislike Extremely, 2= Dislike very much, 3= Dislike, 4= Neither like nor dislike, 5= 

Like, 6= Like very much, 7= Like extremely 

Sample 

code 

 Color  Flavor  Texture 

/Crispness  

Sweetness  Stickiness  Overall 

Acceptability 

543            

283          

623         

528         

437         

231       

123                 

213              

652           

 

Comments: ____________________________________________________________  

Signature: ________________ 

 Thank you very much for your cooperation. 
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Appendix IV. Experimental Photos 

A. Mango fruit while harvesting, storing and preparing for drying. 

 

  

B. Batch type window refractance dryer made in MARC. 

 

    

C. Dried mangos powder samples for moisture, crude protein, ash and fat content 

determination. 
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D. TSS, pH and titratable acidity determination for fresh pulp and dried mango 

sample 

     

E. Total carotenoids, flavonoid and phenolics content determination. 

   

F. Color and browning index determination for dried mango samples 
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G. Determination of texture using Texture Profile Analyzer (TPA) 

  

 

 

 

 

H. Microbial test fungi (yest and mold) and bacteria for fresh pulp and dried mango 

   

I. WRD and FD dried samples sensorial evaluation by panelists 

 

  

J. Measuring of power consumption (current and voltage) while drying process  
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K. Batch type window refractance drying process for mango pulps 

 

  
 

L. Freeze drying process using mango pulps 


