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Abstract 

Mango is the second most-produced fruit in Indonesia, and the quantity of mangoes 

produced reached 2,624,791 tons at the end of 2018. This fruit is prone to rotting and 

getting wasted. Therefore, innovation is required to preserve mangoes by processing them 

into dehydrated food products using drying techniques. Freeze drying is still considered an 

efficient method to de-hydrate the water content in a product under mild process 

conditions, and it is mostly applicable to highly sensitive products. This study aims to 

determine the optimum processing parameters of drying time (13, 15, 17 hrs) and pressure 

(25 Pa, 30 Pa, and 35 Pa) to maintain the product quality of mango slices by using a 

response surface methodology. The results showed that the moisture contents are in 

accordance with SNI standards (less than 31%) with optimum moisture content (MC) 

values of 6.574%, total phenolic content (TPC) of 10.476 mg GAE/g, rehydration capacity 

(RC) of 2.852, colour (∆E) of 87.373, hardness of 1312.959, the cohesiveness of 0.549, 

and Springiness of 3.446 unit. This study also revealed that the optimum conditions of 

freeze-drying were at the time (t) 13 hrs and pressure (P) 25 Pa. It can, therefore, be 

concluded that freeze-drying can prevent changes in the structure of mango and help 

retain its good quality. 

1. Introduction 

As a tropical country, Indonesia has many diverse 

natural resources, especially in terms of the diversity of 

available tropical fruits, one of which is mango. Mango 

is the second most-produced fruit in Indonesia, and the 

quantity of mangoes produced reached 2,624,791 tons at 

the end of 2018 (BPS-Statistics Indonesia, 2018). Mango 

has a variety of types, for example, Golek mango, 

Cengkir (Indramayu) mango, Arum Manis mango, 

Honey mango, Apple mango, and Gedong Gincu mango. 

In Indonesia, most of the mangoes (80.70%) are 

produced in various provinces in Java and Sumatra 

(Kumoro et al., 2020). The price of mangoes decreases 

during the big harvest. Meanwhile, the export of 

mangoes increases each year when compared to the 

import value of mangoes, which means there is more 

demand and higher selling prices. However, taking into 

consideration that mango is a tropical fruit with high 

moisture and a large amount of mango production and 

demand, lots of mangoes get rotten quickly due to a lack 

of proper handling after harvesting. Therefore, further 

innovation can increase the selling value of mangoes and 

maintain their quality (Rozana et al., 2016; Izli et al., 

2017; Salazar et al., 2018). 

There are quite a lot of processed mangoes in the 

market, such as mango chips, candy mango, and others 

in Indonesia. Still, these products can reduce the 

nutritional value of mango and change the structure of 

the material. Thus, it is necessary to create processed 

mango products that can maintain the stability of the 

structure of materials and nutrients as well as more 

efficient products. The processing of mangoes into 

dehydrated food with the working principle of removing 

the water content in the material through the method of 

drying involves proper drying using below freezing 

temperatures. Dehydrated food products are dried to 

prevent microbial degradation, growth of 

microorganisms, prevent enzymatic reactions, and 

extend shelf life (Alhanif et al., 2021). This method can 

be utilized mainly in foods with high water content and 

excellent nutritional content when consumed, such as 

mangoes. One of the best techniques to produce 

dehydrated food products is through freeze-drying 

technology using a freeze dryer. Dehydrated food 

products are fresh products that are dried, have better 
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storage properties, and can be easily used or refreshed 

(Kaymak-Ertekin and Gedik, 2005; Guine and Barroca, 

2011). 

Freeze drying, a modern drying process, comprises 

two stages, namely primary drying and secondary 

drying. During the drying process, the material is first 

frozen with a drying temperature below freezing to -

50oC. Subsequently, the material is dried through a 

sublimation process, which contributes to the formation 

of ice crystals on the surface of the material, where the 

freeze-drying process can reach up to 50 hrs in general. 

Freeze drying has been applied to several agricultural 

products, such as soursop (Ceballos et al., 2012), apple 

(Parniakov et al., 2016), ginger (An et al., 2016), 

eggplant (Colucci et al., 2018), and mango (Salazar et 

al., 2018), and all research studies have stated that freeze

-drying can help retain the physical properties of the 

dried products. However, the freeze-drying method is not 

without its limitations, as it requires a long drying time, 

which translates into high energy costs (Liliana et al., 

2015). In addition to the drying time, other factors that 

also affect the product quality during freeze-drying are 

the operating temperature and pressure. The suitability 

between variations in conditions between time, pressure, 

and temperature can affect the quality and water 

absorption of dehydrated food products, which means 

optimum operating conditions are required.  

Therefore, this research aimed to evaluate the impact 

of freeze drying on the quality of Gedong Gincu mango 

and identify the optimum operating conditions of the 

freeze dryer. The Response Surface Methodology (RSM) 

is used to find the best time and operating pressure in 

terms of the results of the analysis of product 

characteristics and qualities such as moisture content 

(MC), rehydration capacity (RC), colour, total phenolic 

content (TPC), texture analysis (TPA), and hedonic test 

to determine the level of consumer preference for the 

product, The response of each quality parameter to time 

and pressure is presented in the form of contour surface 

response plots in either 2D or 3D. 

 

2. Materials and methods 

2.1 Materials characteristic  

Unlike other types, the Gedong Gincu mango has a 

smaller size and is slightly flatter. While most mango 

varieties in Indonesia have green skin, this mango comes 

in various colours: green, yellow, or red. The ripe 

Gedong Gincu mango has reddish skin and a fragrant 

aroma. The flesh is yellow and fibrous, and it is a bit 

hard to cut. This mango can be harvested when it reaches 

the age of 110 days after the flowers bloom. The acidity 

level of this mango is lower (9.44%) than the Gedong 

mango (17.89%). Utami et al. (2020) reported that the 

ratio of sugar to acid (0.80) and total solids (7.50°Bx) of 

this mango was higher compared to the Gedong mango 

(0.24; 4.17°Bx). The sensory profile of the Gedong 

Gincu mango is dominated by volatile components with 

fruity and sweet aromas, and it is preferred based on 

hedonic test results (Utami et al., 2020). The appearance 

of fresh Gedong Gincu mango was depicted in Figure 1. 

2.2 Materials preparation  

Fresh Gedong Gincu mango was purchased from the 

Mango Plantation in Sliyeg Village, Indramayu Regency, 

Cirebon, West Java, Indonesia. The mango was sorted 

and then washed using running water to clean it from dirt 

and other foreign objects. Subsequently, the mango was 

peeled until the skin separated from the flesh and seeds. 

Thereafter, the mango was sliced using a knife with an 

average size of 6 cm × 5 cm × 0.5 cm (length, width, and 

thickness). Finally, the mango slices were stored in the 

freezer at -13oC for 24 hrs before being dried in the 

freeze dryer (Shofian et al., 2011).  

 2.3 Experimental design 

To find the optimum freeze-drying conditions, 

Response Surface Modeling (RSM) was performed using 

Design Expert ver. 10 software. Central Composite 

Design (CCD) was selected as the response surface 

method, with time (t) and pressure (P) as the variables. 

Eight response variables were investigated in this 

research, including MC, RC, colour, TPC, hardness, 

cohesiveness, springiness, and adhesion. Table 1 shows 

the level of independent variables (time and pressure) 

during the freeze-drying experiment. There were three 

levels of codes for independent variables, namely -1 for 

Figure 1. Fresh Gedong Gincu mango 

Notation Variable Unit Symbol 
Level 

-1.41421 -1 0 1 1.41421 

x1 Time (h) (t) 12.1716 13 15 17 17.8284 

x2 Pressure (Pa) (P) 22.9289 25 30 35 37.0711 

Table 1. Level of independent variables during freeze drying. 
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the lowest value, 0 for the middle value, and +1 for the 

highest value. Nine different experimental runs were 

performed on an independent variable to investigate their 

impact against the eight response variables by the CCD 

method. 

The suitability of the regression model (Lack of it 

test) was ascertained for determining the suitability of 

the regression model obtained from the ANOVA test 

results on each response variable, with the use of the 

following hypotheses: 

H0: The regression model is suitable (there is no lack of 

it) 

H1: The regression model is not suitable (there is a lack 

of it) 

If the ANOVA test results in the regression model 

yielded a p-value that is higher than the significance 

level (α = 0.05), then there is no reason to reject H0, 

which means that the regression model is suitable. 

Conversely, H0 will be rejected if the p-value is less than 

the significance level (α = 0.05). 

2.4 Freeze drying process 

After 24 h of storage inside the refrigerator, the 

mango slices were placed in a freeze dryer (BUCHI 

LyovaporTM l-200), as shown in Figure 2a. The mango 

slices were placed on drying trays until the entire tray 

was covered as shown in Figure 2b. Nine freeze-drying 

runs were performed, with a constant temperature of -

32oC at the primary drying process on the shelf then the 

second process with a heated process at 25oC for 1 min 

to make a sublimation condition in the shelf and vacuum 

as the last process to dried mango slices. This study has 

used a variation of drying time (13, 15, and 17 hrs) and 

operating pressure (25, 30, and 35 Pa). After the drying 

runs were completed, the dried mango slices were placed 

inside the ziplock plastic packaging and stored in a 

refrigerator (4°C) before quality analysis was conducted. 

 

 

2.5 Quality analysis of freeze-dried mango slices 

2.5.1 Sub subheading 

The MCs of the mango slices were determined using 

the oven drying method according to the previous study 

on agricultural product drying (Alhanif et al., 2021). 

Equation 1 shows the formula of MC. MC stands for 

moisture content (% wet basis), Wfm denotes the fresh 

mango slices (kg), and Wdm denotes the weight of dried 

mango slices (kg). 

2.5.2 Rehydration capacity 

The rehydration capacity (RC) analysis was 

performed based on the suitable analysis method for 

dried fruit products, according to the findings of the 

research study conducted by Marques et al. (2007). This 

analysis began by measuring the initial weight of freeze-

dried mango slices. Subsequently, freeze-dried mango 

slices were submerged in the water for 15 mins and then 

drained above an aluminium sieve for 15 mins. 

Thereafter, the weight of the mango slices after water 

soaking was measured. RC (Rd) is defined as the weight 

ratio of rehydrated mango sample and dry mango 

sample, as seen in equation (2). Wt is the weight of 

mango slices after rehydration (kg) while W0 denotes the 

initial weight of mango slices before rehydration (kg). 

2.5.3 Colour analysis 

To analyze the colour of freeze-dried mangoes, CS-

210 Digital Colourimeter Colour Meter Analyzer (Made 

in China) was used. Colour testing was conducted 

according to the method presented by Salazar et al. 

(2018). The parameters of colour testing consisted of a* 

(red-green dimension), b* (yellow-blue dimension), and 

L* (luminosity). Total colour testing (ΔE) was 

determined using equation (3). Subscripts f and 0 denote 

the initial and final sub-indication of the mango slices, 

respectively. 

2.5.4 Total phenolic content 

The total phenolic content (TPC) was assayed using 

the Folin-Ciocalteu reagent, following Singleton’s 

method, slightly modified by Caballero‑Galván et al. 

(2018). TPC analysis was performed using 150 μL of 

freeze-dried mango slices extract mixed with 2.4 mL of 

distilled water, 150 μL of Folin-Ciocalteu solution (1 N), 

and 300 μL of sodium carbonate (20% w/v). It took two 

hrs to get the reaction during the testing process, and the 

(1) 

(2) 

(3) 

(a) (b) 

Figure 2. Scheme of the drying process, a) freeze dryer b) 

mango slices drying 
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absorbance was determined by a spectrophotometer with 

a wavelength of 765 nm.  

2.5.5 Texture analysis 

The texture analysis (TPA) of the freeze-dried 

mango slices was performed using a Brookfield CT-3 

Texture Analyzer following the appropriate texture test 

methods on food products (Ansari et al., 2014). The 

texture test criteria include hardness, cohesiveness, 

springiness, and adhesion. The analysis was performed 

by setting the texture analyzer and choosing the desired 

test parameter. Subsequently, the mango slices were 

placed above the plate and then the probe pressed the 

mango slices twice to obtain the value of hardness 1 and 

2, cohesiveness, springiness, and adhesion using a 

cylindrical probe with a constant velocity 1 mm/s and 

compression reach until 75% from the first high position. 

The value was shown on the monitor of the texture 

analyzer.  

2.5.6 Hedonic analysis 

The hedonic analysis was carried out with several 

testing parameters, including texture, colour, taste, and 

aroma of the resulting product. This study used ten 

trained panellists with a food technologist background 

who have passed through the sensory analysis tested and 

practical in Food Technology Department, Universitas 

Diponegoro, Indonesia. The panellists gave a rating 

based on the level of liking to the product with the 

following criteria: (1) dislike very much, (2) dislike, (3) 

rather like (4) like, and (5) like very much. 

2.6 Data analysis 

Data processing was performed by the RSM method 

using computer-based software (Design-Expert version 

10.0) through the linear regression analysis method using 

two predictors, namely time (x1) and pressure (x2), with 

the equation model shown in equation (4) as follows: 

 

Where y is the effect of response variables on x1 and 

x2, respectively. Furthermore, RSM analysis was 

performed to determine the relationship between 

independent variables and response variables, and the 

final results are shown in 2D or 3D. The first-order 

equation model is used to determine the response of 

variables, as shown in equations (5) and (6), 

respectively. 

The p-value can be determined from equation (6). If 

the value is less than 5%, then the equation model is 

considered suitable. Therefore, a result can be obtained 

by the equation model, where the value of xi is known. 

RSM was also used to find out the value of independent 

variables that are influenced by response variables, and 

the values are displayed in the form of response surface 

plots. The optimum conditions can be determined based 

on the coefficients obtained, including the values of a, 

b1, and b2, which are then displayed in the regression 

equation (Salazar et al., 2018). 

 

3. Results and discussion 

3.1 The effect of operating conditions on the quality of 

freeze-dried mango slices 

Table 2 shows the impact of nine different freeze-

drying runs on RC and TPC (mg GAE/g). In this study, 

the overall value of the MC was 6.46% with MC before 

drying being around 80.5 - 85% and the mass of mango 

samples before drying was 293 g and 15  – 19.5 g after 

drying for every sample, which fulfilled the Indonesian 

standard for dried fruit products (less than 31% w.b.) 

(BSN, 1995).  

Furthermore, in the RC analysis, the lowest value 

obtained was 2.47 at running 2 and the highest value at 

3.63 at running 8, with the average value of RC being 

3.08. The average RC value found in this experiment is 

lower than similar mango freeze-drying research. 

Marques et al. (2009) found that the RC of freeze-dried 

mango is 3.89, whereas Salazar et al. (2018) found that 

the RC value is 3.30. The results obtained in the study 

were compared with the research performed by Salazar 

et al. (2018) about the freeze-drying of mango. They 

found that RC values were in the range between 3.3 and 

3.8% within 15 mins and with the possibility of 

maximum RC in dried mango slices (DMS) around 

4.9%. High and low RC values are influenced by the 

porosity of the material, which is formed where, during 

the freeze-drying process, there is a rate of movement 

between the material water coming out through the 

surface pores of the material to form a pore cavity and 

making the material slightly shrunk, which contributes to 

high and low productivity. High porosity can cause high 

rehydration power such that the freeze-drying process is 

used as a reversible process and can maintain the colour 

and taste of the product (Marques et al., 2007).  

In the TPC analysis, the lowest value was obtained at 

running 8, with the value of 2.03 mg GAE/g, and the 

highest value was obtained at running 6 with 19.53 mg 

GAE/g, and the average TPC value was 9.59 mg GAE/g. 

The decreased TPC value can be attributed to the freeze-

drying operating conditions used, one of which is the 

(4) 

(5) 

(6) 
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type of freeze-drying method used. The freeze-drying 

speed will have an impact on the total phenol content of 

dried fruit, which will reduce the total amount of phenol 

content from 793 mg/100 g (dry weight) during fast 

freezing and decrease the total value of phenol content 

from 815 mg/100 g (dry weight) on slow freeze-drying 

(Reyes et al., 2010). The phenomenon that occurs is 

associated with the rate of movement of nutritional 

components, one of which is the content of phenols from 

the material out through the pores of the material 

following the flow of water content that comes out of the 

material for the phenol content to decrease. 

 

3.1.1 Moisture content 

Figure 3a shows the impact of drying time and 

operating pressure during freeze-drying on the MC of 

dried mango in the form of the surface response and 

contour graph obtained from the optimization. In the MC 

contour plot, it can be perceived that the colour of the 

contour plot from the left is red while the colour turns 

blue in the right direction, which indicates that there is a 

reasonable impact towards the minimum blue point. 

Therefore, it can be seen that the longer the drying time, 

the lower the MC value obtained. In addition, the higher 

the drying pressure, the higher the MC value. The 

response surface model has a distribution of MC values 

with values ranging from 6 to 7%, with an optimum 

point of 6.574%. The initial MC of fresh mango is 82.9% 

wet basis. The results obtained have decreased the value 

of MC, thereby ranging from 5.46 to 7.13%, where the 

lowest MC value is obtained in samples with a drying 

time of 17 hrs and operating pressure of 25 Pa. 

Meanwhile, the highest value of water content was 

found in samples with a drying time of 13 hrs and 

operating pressure of 35 Pa. The value of MC obtained is 

not much different from the results of the research study 

conducted by Salazar et al. (2018). In the latter research, 

the MC of dried mango using a freeze dryer was reduced 

from 83.75 to 1.93%. Marques and Freire (2005) 

Run 
Results of Analysis 

MC 
(% w.b.) 

RC 
TPC 

(mg GAE/g) 
1 6.84 3.23 4.01 
2 7.01 2.47 9.61 
3 5.5 3.33 8.37 
4 6.17 3.00 5.70 
5 7.13 3.60 13.13 
6 7.13 2.62 19.53 
7 6.91 2.56 12.96 
8 5.46 3.63 2.03 
9 5.95 3.27 10.93 

Average 6.46 3.08 9.59 

Table 2. Results of quality analysis of MC, RC, and TPC 

Figure 3. The effect of drying time and operating pressure on (a) moisture content, (b) rehydration capacity, (c) total phenolic 

content (d) colour parameters. 

(a) (b) 

(c) (d) 
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reported that the MC of freeze-dried mango was constant 

at 2.2%. In the MC results obtained in this study, it can 

be perceived as a whole that the longer the drying time, 

the lower the MC value and vice versa. Likewise, the 

higher the pressure under drying conditions, the lower 

the MC value. This is the occurrence of mass flow 

transfer from foodstuff to foodstuff due to the influence 

of freeze-drying operating conditions. Freeze-dried fruit 

will have a low MC value, which can prolong the shelf 

life of the product, thereby making the freeze-dried fruit 

product highly stable (Raghavan and Venkatachalapathy, 

1999). 

Thus, the operating conditions of freeze-drying 

greatly affect the value of MC obtained where a longer 

drying time leads to a lower MC value and higher 

pressure in terms of freeze-drying while the final MC 

becomes higher. This is due to the presence of water in 

the material, which is difficult to remove. Thus, moisture 

continues to be trapped in the material. 

3.1.2 Rehydration capacity 

Figure 3b shows the surface response and contour of 

the results of the optimization of the freeze-drying of 

mango to the RC value. By using the response surface 

model, the distribution of RC values is at the midpoint of 

the figure with values ranging from 2.8 to 3.4% RC with 

an optimum point of 2.8%. In RC plots, the contours and 

response surface obtained from the bottom left are light 

blue and they are orange in the upper right corner, which 

indicates that there is a response impact on the maximum 

point. It can be seen that the longer the drying time, the 

higher the RC value from the results of the colour 

formed. Meanwhile, if the drying pressure is lower, then 

the feeding pressure of the RC value will be lower. The 

factors that can affect the RC of the product are based on 

the speed of the freeze-drying rate. The quality of freeze-

dried products can be affected by the speed and ease of 

reconstitution or rehydration (Liliana et al., 2015). In 

addition, the RC can also be affected by the method of 

the rehydration process and the use of temperature, time, 

and agitation conditions (Arriola-Guevara et al., 2006). 

3.1.3 Total phenolic content 

Figure 3c shows the surface response and contour of 

the results of the optimization of freeze-dried sliced 

mango to the TPC values. The response surface model 

shows that the colour analysis value distribution is 

located at the midpoint of the figure with values ranging 

from 8 to 10 mg GAE/g colour analysis value with an 

optimum point of 10.476 mg GAE/g. In TPC, the colour 

contour plots formed from the upper left direction are 

green while in the right direction showed dark blue, 

which indicates that there is a response effect to reach 

the minimum point in blue. Thus, it is known through 

these results that the longer the drying time of food, the 

lower the value of TPC, and there is no significant 

impact on the results obtained at the drying pressure. 

The results of the TPC study showed that there was a 

reduction in the amount of phenol content in the freeze-

dried mango. This finding is in alignment with the 

findings of similar research performed by Shofian et al. 

(2011), in which they reported that there was a reduction 

of TPC by 23% during the freeze-drying of mangoes. 

According to Salazar et al. (2018), some enzymes affect 

the reduction of the TPC of mango, namely polyphenol 

oxidase (PPO) and peroxidase (POD) enzymes. In 

addition, the results of the research conducted by Macias 

(2013), which compared the value of phenol content in 

strawberry fruit using different types of drying, such as 

Hot Air Drying (HAD), Swell-drying (SD), and Freeze-

drying (FD), obtained the value of phenol content from 

drying results with using a higher FD, which is 18.41% 

higher when compared to other types of drying. 

However, in general, the value of low or high phenol 

content still has sufficient antioxidants. The existence of 

a low phenol content still allows for antioxidant activity 

(Murakami et al., 2004; Buchner et al., 2006). 

3.1.4 Colour 

Figure 4a-d shows the colour analysis of freeze-dried 

mango slices from nine different runs. The overall value 

of L* a* b* was found to be positive (+). The positive L* 

value indicates that the yellow colour is more dominant. 

The positive value of indicator b* means that the overall 

mango sample is predominantly yellow. Meanwhile, the 

value of indicator a* is also positive, thereby indicating 

that the colour of freeze-dried mango is more dominantly 

red than green, in which the value of b* should be 

negative. From the ∆E value, it can be perceived that a 

fairly drastic decrease begins at the sample with a drying 

time of 17 hrs with all variations of pressure. These 

results can be attributed to a longer time in the drying 

process, which is 17 hrs with high pressure of 35 Pa, 

thereby causing the MC to remain high enough 

compared to the low pressure such that it affects the 

colour of the food. Therefore, it can be perceived in the 

results of the study that the longer the duration for which 

the freeze-drying process is carried out, the ∆E value 

decreases to a greater extent. These results are compared 

with the results of previous studies conducted by Salazar 

et al. (2018) wherein the result of the ∆E value is 22.59. 

These results are similar to the findings of Kaewdam and 

his colleagues (2013), wherein drying the "nam dok mai" 

type of mango with a freeze dryer resulted in a value of 

∆E that ranges from 4.37 to 13.94 with each colour 
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parameter characteristic of L* a* b* being 78, 92, 3.53, 

and 38.42. 

On the other hand, in the freeze-dried mango sample, 

there is a pressure influence factor, that is, the higher the 

pressure used in the drying operation, the more is the 

colour affected. The phenomenon that occurs in samples 

that experience colour changes is the influence of time 

and operating pressure where a longer period and the 

higher pressure will make the content of B-carotene as a 

colour giver on the mango sample decrease and cause the 

sample colour to become darker when compared to the 

primary drying process, which uses latent heat to execute 

the sublimation process. This is confirmed by the results 

of the research conducted by Shofian et al. (2011), which 

highlights that 8.16% of the B-carotene content was lost 

after the freeze-drying process was executed. According 

to Cui et al. (2008), as much as 95.4% of the B-carotene 

content was lost due to the freeze-drying process of 

carrots in his research. 

Figure 3d showed the colour response of polynomial 

models, which describes the impact of drying time and 

operating pressure on the colour value (∆E) of freeze-

dried mango. The value distribution was found at the 

midpoint of the image with values ranging from 85 to 90 

colour analysis values with an optimum point of 87,374. 

The formation of dark red was observed on the left and 

right, which indicates that there was a response to the 

maximum point of dark red. Therefore, it can be seen 

that the longer the drying time, the higher the colour 

value, namely the colour change, and the higher the 

drying pressure, the higher the colour value. A darker 

colour is produced in the mango due to the drying 

process with a relatively long time when compared to 

others. The other factor involved in the MC in the 

material is still quite high. This was supported by 

research performed by Salgado et al. (2017), which 

stated that high water content in food could reduce the 

level of brightness of the product. 

3.2 The effect of operating conditions on the texture of 

freeze-dried mango  

Table 3 shows the results of TPA on freeze-dried 

mango slices based on texture test criteria, including 

hardness, cohesiveness, springiness, and adhesion. It was 

gathered from hardness analysis that freeze-dried 

mangoes with a drying time of 13 hrs and at 25 Pa, 30 

Pa, and 35 Pa have higher hardness than the other 

samples, with a value of 2370.13, 3047.25, and 2027.88 

gF, respectively. In contrast, the lowest hardness values 

were identified in samples with a drying time of 15 hrs 

and at all operating pressures. Freeze drying at 13 hrs 

and 30 Pa gave the highest hardness value at 3047.25 gF, 

whereas the lowest hardness value was found during 

freeze-drying at 15 hrs and 25 Pa at 313.50 gF. The 

lower the hardness value, the softer the texture of the 

freeze-dried mango slices. Conversely, the higher the 

hardness value, the harder and tighter the texture of the 

freeze-dried mango slices. These findings are in 

alignment with the results found by Salgado et al. 

(2017), in which they stated that the hardness value of 

mango, as per the results of his research, by drying the 

mangoes where the level of hardness is low when at low 

temperatures and high hardness at high temperatures. 

Figure 4. Colour component for (a) L*(Luminosity), (b) a*(red-green dimension), (c) b*(yellow-blue dimension), (d) ∆E (total 

colour analysis) 

(a) (b) 

(c) (d) 
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That is due to the presence of glucose, xanthan gum, and 

glycerin content, which can affect the level of dry mango 

hardness and result in high material density, porosity 

size, and high hardness value. Processed foodstuffs will 

change properties and undergo different texture quality 

measurements based on each ingredient (Engelen, 2018). 

The following texture criterion was cohesiveness in 

which the analysis value obtained was within a range of 

values from 0.255 to 0.775. The lowest cohesiveness 

value was found in samples with 17 hrs with a pressure 

of 30 Pa. Meanwhile, the highest cohesiveness value was 

found in samples with a time of 15 hrs with a pressure of 

25 Pa. The cohesiveness value was used to determine the 

existence of a combination of texture and structure of the 

material. According to the results of the study, if 

cohesiveness is higher, then the surface and structure of 

the material formed are excellent. 

In addition, there are springiness criteria, where the 

lowest value is at the drying time of 17 hrs, with a 

pressure of 25 Pa. The highest value was obtained in the 

sample with a drying time of 17 hrs with a pressure of 35 

Pa. However, overall, the lowest average value was 

achieved in 15 hrs with an average value of 0.63167 mm 

wherein each experiment with a pressure of 25 Pa, 30 Pa, 

and 35 Pa gets a range of springiness values between 

0.775 and 0.445 mm. The existence of high values can 

indicate the level of elasticity obtained, as the higher the 

springiness value of the product or foodstuff, the more 

resilient the food product and vice versa in case the 

lower springiness value depends on the lack of the level 

of plasticity of the product or foodstuff. 

In the research results of adhesion analysis, the 

lowest and the highest values were identified in each 

experiment. The lowest value, that is, 0.16 mJ, was 

obtained in a sample with a time of 13 hrs with a 

pressure of 35 Pa while the highest value amounted to 

0.685 mJ at a time of 17 hrs with a pressure of 30 Pa. 

Higher adhesion value makes the sample more sticky and 

less compatible with dry-based food products, whereas 

the lower the value of adhesion, the better is the texture 

formed despite the lack of high stickiness in the food 

product. Therefore, the best result of adhesion in this 

study is the lowest adhesion value at 13 hrs with a 

pressure of 25 with an adhesion value of 0.19 mJ. Some 

characteristics, such as cellular components, 

biochemistry, water content, and cell wall composition in 

fruits and vegetables, can affect their texture. This can be 

produced from the texture at the end of the product 

(Ansari et al., 2014). This is reinforced by the opinion of 

the study conducted by Guine and Barroca (2011), which 

reported that the presence of external factors can affect 

product characteristics such as changes in texture by 

extension on the quality of the final product. 

3.2.1 Hardness 

Figure 5a shows the surface response and contour of 

the results of the optimization of freeze-dried, dried 

sliced mango to the hardness value of the material. With 

the response surface model above, they form the 

response at the minimum point where the distribution of 

hardness values is in the middle point in the image with 

values ranging from 500 g to an optimum point of 

1312,466 g. The contour plot of the hardness analysis 

results in the formation of dark blue in the middle of the 

surface plot with the left and right sides of green 

indicating that there is a response to the minimum point 

caused by almost all surfaces of dark blue. Alternately, it 

can be said to be dominant towards dark blue. Therefore, 

it can be seen that a longer time will make the hardness 

value higher while a lower time will make the hardness 

value lower. On the other hand, with respect to the 

drying, in terms of the pressure carried out on the 

hardness value, there is no significant impact marked 

with the green colour on the contour, and surface plots 

received a response. The value of hardness in the 

evaluation of the characteristics of dried fruit is not much 

different from the similar assessment of characteristics, 

namely crispness and crunchiness. In the study 

conducted by Macias (2013), strawberry slices were 

dried with a freeze dryer, wherein the level of crispness 

or hardness is higher than the strawberries dried in HD; 

however, the results are better than SD. 

3.2.2 Cohesiveness 

Figure 5b shows the surface response and contour of 

the results of the optimization of freeze-dried sliced 

mango in relation to the cohesiveness value of the 

material. The response surface model formed a response 

at the maximum point where the distribution of 

cohesiveness values is at the midpoint of the image with 

values ranging from 0.5 to 0.6 with an optimum point of 

0.550. The colours formed on the left and right sides are 

Run 
Results of Analysis 

Hardness 
(gF) 

Cohesiveness 
Springiness 

(mm) 
Adhesion 

(mJ) 
1 2370.13 0.32 2.95 0.47 
2 3047.25 0.28 2.40 0.26 
3 2027.88 0.43 2.70 0.19 
4 313.50 0.78 0.78 0.27 
5 340.88 0.67 0.67 0.63 
6 619.88 0.46 0.46 0.56 
7 1514.50 0.32 0.32 0.31 
8 2460.75 0.26 2.90 0.69 
9 1159.63 0.37 3.25 0.55 

Average 1539.38 0.43 1.82 0.44 

Table 3. Results of texture analysis. 

gF, gram force 
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green with orange dominant on the surface, thereby 

indicating the response to the maximum point. 

Therefore, it can be perceived that the drying time with 

the highest value towards the maximum point at the time 

of 15 hrs and the lower drying pressure will affect the 

cohesiveness value, which will be higher when marked 

with red and indicates the maximum point. The results 

obtained in this study are not much different from the 

findings of the research conducted by Hajnal et al. 

(2012) in dried apricots, where the cohesiveness values 

ranged from 0.2 to 0.3 mJ.  

3.2.3 Springiness 

Figure 5c shows the surface response and contour of 

the results of the optimization of freeze-dried sliced 

mango in relation to the springiness value of the 

material. The response surface model above formed a 

response at the maximum point where the springiness 

value distribution is at the midpoint of the image with 

values ranging from 3.4 to 3.6 mm with an optimum 

point of 3.446 mm. The dominant colour, red, tends to be 

dark, which means there is a response to the maximum 

point. Thus, it can be perceived that the maximum point 

occurs at a drying time of 14 to 16 hrs with a pressure of 

25 to 30 Pa. At the time of drying, there is no significant 

effect, whereas the lower the pressure of drying pressure, 

the higher the springiness value and toward the 

maximum point. The existence of the maximum point 

can be influenced by the phenomenon that occurs in the 

drying of mango freeze on the texture value, especially 

cohesiveness. The phenomenon that occurs is that the 

cell wall of mango slices decreases or gets damaged, 

thereby resulting in shrinkage. These results are not 

much different from the study conducted by Macias 

(2013), in which the occurrence of shrinkage and cell 

walls have been damaged after being dried with HAD 

and FD with strawberry slices. Processing significantly 

influences the cell structure in dried fruits and vegetables 

(Guiné and João, 2011; Macias, 2013). 

3.2.4 Adhesion 

Figure 5d shows the surface response and contour of 

the results of the optimization of freeze-dried sliced 

mango in relation to the adhesion value of the material. 

The response surface model above formed a saddle 

response graph where the distribution of adhesion values 

is at the midpoint of the figure with values ranging from 

0.4 to 0.5 mJ with an optimum point of 0.406 mJ. The 

results of the contour and surface plot adhesion values 

can be perceived from the dominant green formed with 

blue on the left and dark red on the right, thereby 

indicating the response to the maximum point. Thus, it 

can be seen that the longer the drying time, the higher the 

adhesion value, whereas the higher the drying pressure 

of the meal, the lower the adhesion value. The adhesion 

value obtained is not much different from the results of 

Figure 5. The effect of drying time and operating pressure on (a) hardness, (b) cohesiveness, (c) springiness, (d) adhesion of 

mango slices. 

(c) 

(a) (b) 

(d) 
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the study conducted by Hajnal et al. (2012), wherein 

dried apricots analyzed by adhesion or adhesiveness had 

values ranging from 0.56 to 2.45 mJ. 

3.3 Optimization of mango freeze drying 

Table 4 shows the results of the comparison between 

experimental data measurements with prediction 

calculation data using the model. It can be seen that y1, 

y2, y3, y4, y5, y6, y7, and y8 show the value of the 

measurement results with calculations and prediction 

models that are not much different. The coefficient value 

of each variable was displayed in the form of a 

regression equation, which was formed along with 

statistical analysis that is Analysis of variance (ANOVA) 

where the p-value, R2, and Adjust R2 can be determined. 

The results of ANOVA and equation response variables 

can be perceived in Table 5. 

In Table 5, the R2 and p-value of each response 

variable can be seen and matched with the initial 

hypothesis in the study design to determine whether or 

not there is a model fit. The results of R2 in each 

response ranged from 0.4 to 0.9. The lowest R2 value is 

in the TPC response of 0.4802, whereas the R2 value is 

found in the hardness response of 0.9612. The suitability 

of the model is marked by the value of R2, which 

increasingly adheres to the value of 1. This is not much 

different from the findings of the research conducted by 

Salazar et al. (2018), the value of R2 in his study drying 

the "nam dok mai" type of mango with a freeze dryer 

score 0.9 for MC, RC, colour, and TPC responses. 

Similar to the results of the research study conducted by 

Macias (2013), obtaining an R2 value from the results of 

his research drying strawberries with HAD, SD, and FD 

is 0.7226 (72.26%). 

In the MC variable, p-value 0.0010 more than 0.05 

degrees of freedom was a significant model and rejected 

H0, which means the model was unsuitable. In the RC 

variable, the p-value was 0.0781 more than 0.05, which 

accepted H0 so the model was suitable. In the TPC 

variable, the p-value was 0.1405 more than 0.05, which 

was accepted H0 so that the model was suitable. In the 

colour variable, the p-value was 0.0440 less than 0.05, 

which rejected H0. This means the model was 

unsuitable. The texture variable (hardness) p-value 

0.0090 is less than 0.05 rejected H0, which means that 

the model is unsuitable. In the texture variable 

(springiness), the p-value was 0.0825 less than 0.05, 

which accepted H0, which means the model was 

suitable. In the texture variable (cohesiveness), the p-

value was 0.1221 more than 0.05, which is H0, which 

means the model was suitable. In the texture variable 

(adhesion), the p-value was 0.1286 more than 0.05, 

which was accepted H0, which means the model was 

suitable. 

The optimization conditions can be perceived in 

Table 6, where we can find out the optimum condition 

values for each response variable. The optimum value 

obtained at MC is 6,574, RC is 2,852, TPC is 10,476, 

colour is 87,374, hardness is 1312,466, cohesiveness is 

Run 
Independent Variable Response Variable 

Note 
x1 x2 y1 y2 y3 y4 y5 y6 y7 y8 

1  15  30  
6.84 3.23 4.01 85.37 340.88 0.67 3.75 0.63 I 

6.44 3.07 9.58 86.42 340.88 0.66 3.75 0.44 II 

2  12.1716  30  
7.01 2.47 9.61 89.62 3047.30 0.28 2.40 0.26 I 

7.25 2.60 14.27 92.23 3284.25 0.24 2.38 0.29 II 

3  17.8284  30  
5.50 3.33 8.37 83.62 2460.80 0.26 2.90 0.69 I 

5.65 3.55 4.89 80.60 2381.51 0.21 2.84 0.58 II 

4  17  35  
6.17 3.00 5.70 71.25 1159.60 0.37 3.25 0.55 I 

6.21 3.40 7.94 75.11 1333.88 0.34 3.12 0.71 II 

5  15  37.0711  
7.13 3.60 13.13 86.67 619.88 0.46 2.95 0.56 I 

6.91 3.06 11.94 84.03 498.88 0.52 3.16 0.50 II 

6  13  35  
7.13 2.62 19.53 94.46 2027.90 0.43 2.70 0.19 I 

7.34 2.73 14.56 94.34 1978.56 0.39 2.55 0.25 II 

7  13  25  
6.91 2.56 12.96 91.77 2370.10 0.32 2.95 0.47 I 

6.69 2.75 11.23 86.72 2038.17 0.43 3.15 0.42 II 

8  17  25  
5.46 3.63 2.03 90.57 1514.50 0.32 3.00 0.31 I 

5.56 3.42 4.60 89.50 1406.18 0.44 3.23 0.36 II 

9  15  
5.95 3.27 10.93 84.46 313.50 0.78 3.95 0.27 I 

22.9289  
5.99 3.09 7.22 88.82 592.15 0.63 3.66 0.37 II 

I = measurement results, II = the results of calculating the prediction model, x1 = time, x2 = pressure, y1 = MC, y2 = RC, y3 = 

colour, y4 = TPC, y5 = hardness, y6 = cohesiveness, y7 = springiness, y8 = adhesion. 

Table 4. CCD design experimental data results. 
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0.550, springiness is 3,446, and adhesion is 0.406, where 

the optimum conditions of freeze-drying operation are at 

the time (t) 13 hrs and pressure (P) 25 Pa. In a similar 

study, Salazar et al. (2018) dried mangoes with a freeze 

dryer and produced optimum conditions at -1oC, 560 

mTorr pressure, and a freezing rate of 0.4oC/min. 

Furthermore, in a similar study conducted by Marques et 

al. (2007), the results of optimization of mango drying 

conditions with a temperature of -30oC, a pressure of 

0.001330 Pa and a drying time of 12 h were observed. In 

a similar study but with a different type of material 

conducted by Seerangurayar et al. (2017), dates were 

dried with a freeze dryer and optimum conditions were 

obtained at a temperature of -40oC and a pressure of 42 

Pa within 72 hrs. In addition to dates, Chinese 

gooseberry fruit dried with a freeze dryer highlighted the 

results of research conducted by Wang et al. (2008), 

which states that the optimum conditions are at a 

temperature of -20oC with a time of 20 hrs and, 20oC for 

a time of 5 hrs through two stages of the freeze-drying 

process with a pressure of 10 Pa. 

Optimization results can differ due to the influence 

of the use of variations in operating conditions, including 

time, temperature, pressure, and the rate of drying and 

freezing. In addition, the influence of the type of material 

used significantly affects the optimum results of a 

condition, including the structure or shape of the material 

to be dried (liquid/powder/solid). 

3.4 Hedonic 

Figure 6 displays the results of the accumulation of 

assessment data of the ten trained panellists' preference 

levels for freeze-dried mango samples. Overall, the most 

dominant level of the characteristics of the freeze-dried 

mango sample preferred in terms of appearance, where 

the level of appearance is the highest compared to the 

characteristics of other hedonic test parameters, is 3.67, 

which means panellists favour it. Thereafter, the level of 

appearance followed by the second sample aroma level 

was favoured by the panellists with an average value of 

3.56. Subsequently, the last order is the parameter level 

in terms of texture and taste, with the same average value 

of 3.44, which means the panellists rather like it. 

According to Huirem and Shakya's study (2015), the 

level of panellists’ preferences is based on several 

parameters of consumer acceptance, including visual or 

appearance components, colour, aroma, taste, product 

worthiness, and consumer buying interest by scaling or 

scoring with ten panellists, in their research. 

Response Final Equation in Terms of Actual Factors Model p-value R2 Adj R2 
MC 8.76785 – 0.28409t + 0.064969P Linear 0.0010 0.8988 0.8650 
RC 0.65679 + 0.16664t - 2.58274E-003P Linear 0.0781 0.5725 0.4300 

TPC 
24.42863 - 1.65710t + 
0.33378P 

Linear 0.1405 0.4802 0.3069 

Colour -120.21757 + 14.45158t + 7.91607P - 0.55026tP 2FI 0.0440 0.7677 0.6283 

Hardness 
76560.52236 - 9495.04914t - 247.39783P - 0.31750tP + 

311.49969t2 + 4.09275P2 
Quadratic 0.0090 0.9612 0.8966 

Cohesiveness 
-13.62822 + 1.68092t + 0.12269P - 1.37500E-003tP 
 - 0.054844t2 - 
1.82500E-003P2 

Quadratic 0.1221 0.7662 0.3766 

Springiness 
-28.85694 + 3.97232t + 0.18214P + 0.012500tP 
 - 0.14219t2 - 6.75000E-003P 

Quadratic 0.0825 0.8626 0.6337 

Adhesion 5.21392 – 0.33650t + 0.18417P + 0.012875tP 2FI 0.1286 0.6172 0.3875 

Table 5. ANOVA and final equation of response parameter. 

x1 x2 
y Optimum Conditions 

------ h ------ ------ Pa ------ 

13 25 

1 6.574 
2 2.852 
3 10.476 
4 87.373 
5 1312.959 
6 0.549 
7 3.446 
8 0.406 

Table 6. Optimization of freeze-dried operations results 

x1 = time, x2 = pressure, y1 = MC, y2 = RC, y3 = colour, y4 = 

TPC, y5 = hardness, y6 = cohesiveness, y7 = springiness, y8 = 

adhesion. 
Figure 6. Hedonic test results of dried mango 
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4. Conclusion 

Freeze drying is a modern drying technique that uses 

temperatures below freezing to -50oC, which has the 

advantage of preventing changes in the structure and 

chemistry of materials. This drying technique has been 

widely applied to produce food products based on 

dehydrated food. Freeze-dried mangoes produced in this 

study included dehydrated food products, which can be 

refreshed like fresh mangoes for consumption. The 

quality and quality of the resulting product are analyzed 

for characteristics. In this study, the characteristics 

formed on the value of MC, RC, TPC, colour, and 

texture (hardness, cohesiveness, springiness, and 

adhesion). The MC value of the mango product produced 

is under SNI 3710-2018, that is, less than 31%. The best 

results in the analysis of RC characteristics, TPC, and 

texture parameters all indicate that fast-drying time with 

low pressure has the best results. In addition, the 

optimization results obtained the best time in the 

operating conditions when the freeze-drying time of 

mango slices is 13 hrs with a pressure of 25 Pa. The final 

product quality analysis carried out in this study with a 

hedonic test analysis (preference), where the appearance 

and aroma parameters of the product were the most 

superior characteristics of freeze-dried mango products, 

was favoured by panellists. It can be concluded that 

freeze-drying is a technique that is good enough to 

prevent changes in the structure of the material and 

maintain product quality. These results are needed for 

further research to determine the porosity of the material 

structure as well as the existence of shelf-life product 

analysis. 
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