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Abstract. Red dragon fruit (Hylocereus polyrhizus) can be transformed into various processed 
products, such as chips, jam, and juice. However, thermal processing may significantly alter its 
physical and chemical properties. As the calorific properties vary among different fruits, this study 
aims to measure the thermal properties of red dragon fruit. By measuring its thermal properties, 
red dragon fruit can be processed with improved energy efficiency and optimized thermal 
management. This study aims to examine the thermal properties and perform a cooling simulation 
of red dragon fruit. The cooling simulation, based on one-dimensional radial thermal flow, was 
conducted using the spherical heat equation explicitly discretized by the Forward Time Central 
Space (FTCS) scheme within the Finite Difference Method (FDM). The specific heat, thermal 
diffusivity, and thermal conductivity of red dragon fruit were 3.827 kJ/kg oC, 9.18 x 10-4 cm2/s, 
and 0.34 W/m oC, respectively. The overall average coefficient of determination (R2) from the 
validation test of the simulation results was 0.9654.  Based on these findings, the one-dimensional 
(radial) discretized heat transfer equation model can be used to predict the temperature 
distribution in spherical fruit over time, based on its thermal diffusivity. However, this approach 
has limitations. Future research would benefit from measuring the thermal diffusivity of whole red 
dragon fruit and applying a three-dimensional discretized heat transfer equation to obtain more 
accurate results and minimize potential errors. 
Keywords: cooling simulation; finite difference method; red dragon fruit; thermal properties. 
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1. Introduction 

Horticultural products possess properties that are highly susceptible to thermal influences 

[1]. Excessive thermal exposure may damage certain physical and chemical characteristics, which 

vary between different types of fruit. Each type of fruit exhibits different thermal properties at 

varying levels of maturity [2]. These thermal properties are influenced by the fruit’s chemical 

composition [3].  

Red dragon fruit (Hylocereus polyrhizus) contains various chemical components, including 

a high water content (84-90%), fat (0.887%), ash (0.706%), dietary fiber (1.108%), total sugar 

(5.60%), starch (0.364%), and carbohydrates (5.97%) [4]. This high water content in red dragon 

fruit makes it more susceptible to damage when stored for extended periods at room temperature 

or during the distribution. This vulnerability also applies when the fruit is stored under 

refrigeration. When stored in a cooling environment, dragon fruit undergoes changes in its physical 
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structure, becoming more wilted and softer, with reduced chemical content, flavor, and freshness 

[5].  Dragon fruit stored in a cooling environment for two weeks at a room temperature of 20°C 

shows browning of the outer layer and darkening of the tendrils [6]. Prolonged cooling can also 

lead to biological damage due to water evaporation during storage in refrigeration [7].  

Given these issues, it is essential to determine the values of thermal properties—such as 

specific heat, diffusivity, and thermal conductivity—before conducting post-harvest processing 

that involves temperature. Specific heat is the amount of heat or heat energy required to change 

the temperature of a material with a mass of 1 kg (or 1 g) by 1°C. In simpler terms, specific heat 

refers to a material’s ability to absorb or release heat [8]. The higher the specific heat of a material, 

the greater the amount of heat energy required to increase its temperature. Thermal diffusivity 

refers to the rate at which temperature distributes through a material [9]. A higher thermal 

diffusivity value results in faster temperature changes within the product. Heat diffusivity is 

inversely proportional to specific heat and density, but directly proportional to thermal 

conductivity [10]. Meanwhile, thermal conductivity is a constant property of a material that 

indicates its ability to conduct heat [11]. Therefore, based on these data, the rate of temperature 

distribution can be determined, allowing the simulation of temperature change in the fruit and 

enabling more efficient thermal processing. 

Calculations of thermal properties such as specific heat, thermal diffusivity, and thermal 

conductivity were conducted by Hawa et al. [12], using puyang chili as the test material. Specific 

heat was determined through calculations based on water content, thermal diffusivity was obtained 

using the finite difference method by solving the Crank–Nicolson scheme with one-dimensional 

heat flow in a tube, and thermal conductivity was calculated using a standard computational 

method. The results showed that the specific heat values for green, orange, and red puyang chilies 

were 2.992 ± 0.00, 3,100 ± 0.01, and 3.133 ± 0.01 kJ/kg°C, respectively. The corresponding 

thermal diffusivity values were 7.71 x 10-8 ± 5.06 x 10-9, 9.16 x 10-8 ± 1.13 x 10-9, and 1.01 x 10-7 

± 7.11 x 10-9 m2/s. Meanwhile, the thermal conductivity values for green, orange and red chilies 

were 0.241 ± 0.016, 0.298 ± 0.005, and 0.344 ± 0.025 W/m°C, respectively. However, determining 

specific heat based solely on water content is less accurate; therefore, it is necessary to incorporate 

other chemical components in the calculation to improve measurement accuracy. The thermal 

diffusivity value for one-dimensional flow can also be determined using the finite difference 

method with an explicit scheme, as demonstrated by Nurullaeli [13].   

Once the thermal properties are known, temperature changes within the material can be 

accurately simulated. Temperature changes simulations have been conducted by Emmilia [14], 

who performed a cooling simulation on whole avocados by assuming the fruit to be spherical in 

shape. Accordingly, the spherical heat equation was used and solved using the finite difference 
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method with an explicit FTCS (Forward Time and Central Space) scheme, considering a one-

dimensional (radial) heat source. Based on the comparison between observed and simulated 

temperatures, the coefficient of determination (R2) ranged from 0.91 to 0.97. However, the 

simulation in this study was conducted using Delphi 7 software and only produced numerical 

temperature data, making it impossible to visually represent the temperature distribution within 

the fruit. 

A study by Noor et al. [15] also investigated the simulation of temperature distribution in 

thin zinc and platinum plates using the finite difference method with the explicit FTCS (Forward 

Time and Central Space) scheme. The simulation was conducted using MATLAB software. In this 

study, the temperature distribution was presented visually, revealing a difference in the central 

temperature of the two materials, with a variation of approximately ±7.69°C. This difference was 

attributed to the distinct thermal conductivities of zinc and platinum. 

Building on previous research, this study determined the thermal properties of red dragon 

fruit, specifically the specific heat, by analyzing the chemical composition, including 

carbohydrates, fat, protein, ash, and water content. The thermal diffusivity was determined using 

1D cold thermal flow and calculated via the explicitly derived diffusion equation FTCS (Forward 

Time and Central Space) with the finite difference method. Thermal conductivity was determined 

using a separate calculation method. Experimental data on temperature changes during cooling 

simulations were obtained using whole red dragon fruit. The aim of this research was to examine 

the thermal properties (specific heat (cp), thermal diffusivity (α), and thermal conductivity (k)) as 

well as to conduct a cooling simulation on red dragon fruit using the derived spherical conduction 

equation, which was solved using the explicit finite difference scheme (FTCS) method, assuming 

one-dimensional (radial) heat flow.  

2. Materials and Methods  

2.1. Research Tools and Materials 

The equipment used in this research included a cooling machine (LG refrigerator), a cooling 

chamber isolator for diffusivity experiments, a K-type stainless steel thermocouple, an Arduino 

Mega 2560 R3 CH340 microcontroller, a 1 kg Digi Pounds scale, a Memmert oven (model UN55), 

a B-ONE Ceramic Fiber Muffle Furnace, a 250 ml Soxhlet Extractor (Pyrex), distillation 

equipment (KjelMaster K-375), digestion equipment (Kjelsampler digester K-376), ArduinoIDE 

software, MATLAB R2022a (v9.12.0). The materials used in this research were red dragon fruit 

(Hylocereus polyrhizus) obtained from dragon fruit farmers, approximately 7-8 weeks old after 

the flower buds had formed. The fruit exhibited bright red skin and a slightly soft texture when 

squeezed. We further selected fruits based on similar diameters, specifically around 10 cm. 
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Additional materials included ice cubes, salt, and aluminum foil. 

2.2. Research Design 

The circuit design for measuring temperature distribution to determine the thermal 

diffusivity value of red dragon fruit requires several components. These include an insulating 

container (styrofoam) with a horizontal pipe tube (D = 2.5 cm, L = 10 cm), a cooling machine, a 

type K thermocouple temperature sensor, an Arduino Mega microcontroller, and a computer. The 

thermal diffusivity measurement must be conducted in a fixed, closed setup, with heat flow 

directed in one dimension. First, a perforated plastic tube (pp) is used, with five perforations, as 

shown in Fig. 1. The tube is then pressed firmly against one side of the dragon fruit until it 

penetrates through to the other end. Both ends of the tube are sealed with aluminum foil, each 

fitted with a thermocouple. The tube is then wrapped with a 4 cm thick removable styrofoam 

sleeve, also fitted with a thermocouple aligned with the five perforations. Next, the pipe is inserted 

into the cooling chamber insulation, and a thermocouple is connected. Finally, ice cubes are placed 

at both ends of the pipe during the temperature measurement process. The temperature was 

maintained at 0°C. The circuit was then placed in a cooling machine to prevent rapid melting of 

the ice. Temperature distribution was observed at five points, with measurements taken every 

second up to 9000 seconds. The sequence for collecting temperature distribution data to measure 

thermal diffusivity is shown in Fig. 1. 

 
Fig. 1. Series of temperature distribution measurements for thermal diffusivity 

 
To measure the temperature distribution, experiments were conducted on whole dragon 

fruits, which were wrapped in aluminum foil to allow direct heat conduction from the thermal 

source. A thermocouple was then inserted into the fruit at various depths, starting from the center 

and spaced 1 cm apart. In the process, the dragon fruit was placed in an insulated room containing 

ice and salt, with the temperature maintained at 0°C. The cooling chamber circuit was then inserted 

into the cooling machine. Temperature distribution was monitored at intervals of 1 second to 

12,000 seconds. The series of temperature distribution data collected during the experiment is 

shown in Fig. 2. 

Then, the specific heat value was determined using an equation based on the chemical 

composition (carbohydrates, fat, protein, ash content, and water content) and the thermal 

conductivity was calculated using a method based on the specific heat value, thermal diffusivity, 
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and density of the red dragon fruit. 

 
Fig. 2. Temperature distribution measurement network for the experiment 

 

2.3. Analysis Method 

The fat percentage was determined using the soxhletation method, referring to SNI 01-2891-

1992 Point 8 [16], which required 2 grams of solid dragon fruit samples. The sample was 

hydrolyzed with 25% hydrochloric acid to free the bound fat, using a ratio of 30 ml of 25% HCl, 

20 ml of distilled water, and sufficient boiling stones, and then boiled for 15 minutes under reflux. 

The mixture was then filtered using pre-weighed filter paper. Subsequently, the sample and filter 

paper were washed with hot distilled water. The filter paper containing the sample was dried at 

100 - 105oC to evaporate residual moisture. Afterwards, the dried filter paper with the sample was 

placed in a soxhlet apparatus, and fat was extracted using alcohol at a temperature of 80oC for 

approximately 6 hours with a minimum of two cycles. The fat flask containing the extracted fat 

was then dried at 100-105oC to evaporate the solvent [17]. The fat content was calculated using 

Eq. (1) [18]. 

%𝐹𝑎𝑡	𝑐𝑜𝑛𝑡𝑒𝑛𝑡 = 	 ("#$)
&

	𝑥	100	% (1) 

Where A is the weight of the empty fat flask (g), B is the weight of the test portion (g), and 

C is the fixed weight of the fat flask + test portion after heating (g). 

Determination of total protein in food is generally carried out using the Kjeldahl method 

[19], in which the protein content was measured by weighing 1 gram of the sample and placing it 

in a 300 mL Kjeldahl tube. Then, 1 g of selenium and 12 mL of concentrated H2SO4 were added. 

The kjelDigester was preheated to 420oC. The 300 mL kjehdal tube was inserted into the 

KjelDigester, and the scrubber unit was activated to digest protein at 420oC for one hour. After 

digestion, the tube was removed and allowed to cool to room temperature. The kjehdahl tube was 

then installed in the distillation apparatus, followed by the addition of approximately 50 mL of 

distilled water and 50 mL of 40% NaOH. A 250 mL Erlenmeyer flask containing 25 mL of 4% 

H3BO3 was placed as a reservoir for the distillation unit. Distillation of the sample was carried out 

until the distillate volume reached at least 3x the volume of the initial reservoir. During the 

distillation process, the color of the container changed from red to green. The distillate was then 
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titrated with 0.2 N HCl solution until the endpoint changed from green to red. A blank solution 

was processed during each digestion cycle. The calculation of protein content, based on SNI 01-

2891-1992 Point 7.1, was conducted using Eq. (2) [16,20]. 

%𝑃𝑟𝑜𝑡𝑒𝑖𝑛	𝑐𝑜𝑛𝑡𝑒𝑛𝑡 = 	 '(!#(")*	,	*	-./001	*	23
4

 (2) 

Where Vp is the volume of 0.2 N HCl required for sample titration (mL), Vb is the volume of 

0.2 N HCl required for blank titration (mL), N is the normality of the 0.2 N HCl solution, Fk is the 

protein conversion factor, and W is the sample weight (g) or sample volume (mL). The protein 

conversion factor used in this research is 6.25. 

Then the ash content was determined based on SNI 01-2891-1992 point 6.1 [16], in which 

2-6 grams of the test portion sample was placed in a pre-weighed porcelain cup. The sample was 

then heated until the smoke disappeared. After that, ashing was performed in a furnace at 550oC 

for approximately 4 hours. The sample was then cooled in a desiccator, and its fixed weight was 

measured. The calculation of ash content was carried out using Eq. (3) [16,21]. 

%𝐴𝑠ℎ	𝑐𝑜𝑛𝑡𝑒𝑛𝑡 = 	 (	"#$)
&

	𝑥	100% (3) 

Where A is the weight of the empty cup (g), B is the weight of the test portion (sample) (g), 

and C is the fixed weight of the fat flask plus test portion after boiling (g). 

Water content was determined using the gravimetric method by evaporating moisture from 

the sample in an oven [22]. It was calculated based on the ratio of water weight to total weight. 

The sample was dried at 105oC. The equation used for finding water content is given in Eq. (4) 

[21–23]. 

%	Water	content = 		
𝑤1
𝑤2	 	𝑥	100% (4) 

Where w1 is the mass of water (g) (the total mass minus the dry mass of material), and w2 is 

the total mass of material (g). 

Determination of the carbohydrate percentage was carried out based on the Food and Drug 

Supervisory Agency reference [24], where the total carbohydrate content was calculated as 

percentage of the total sample minus the percentages of other chemical contents. The equation for 

determining carbohydrates content (%) is given in Eq. (5) [25,26]. 

%𝐶𝑎𝑟𝑏𝑜ℎ𝑦𝑑𝑟𝑎𝑡𝑒𝑠 = 100% − (%𝑝𝑟𝑜𝑡𝑒𝑖𝑛	 + 	%fat + 	%ash + 	%water) (5) 

Density was determined based on the ratio of the mass to the volume of the material. In this 

research, the mass of dragon fruit was weighed, and its volume was measured by placing the fruit 

in a measuring container filled with water. The displaced water was recorded as the volume of the 

dragon fruit. The density of dragon fruit was calculated as the ratio of its mass to volume, as shown 

in Eq. (6) [27,28]. 
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 𝜌 = 	5#$%!&'

(#$%!&'
 (6) 

Where 𝜌 is the density of the material (kg/m3), msample is the mass of the sample (kg), and 

Vsample is the volume of the sample (m3). 

Specific heat can be determined using Eq. (7) [29]. 

𝐶𝑝 = 1.424	𝑋ℎ + 1.549	𝑋𝑝 + 1.675	𝑋𝑓 + 0.837	𝑋𝑎 + 4.187	𝑋𝑤 (7) 

Where Cp is the specific heat (kJ/kg oC), Xh is the proportion of carbohydrate content in the 

material (%), Xp is the proportion of protein content in the material (%), Xf is the proportion of 

fat content in the material (%), Xa is the proportion of ash content in ingredients (%), and Xw is 

the proportion of protein content in ingredients (%). 

The thermal diffusivity value in this study was determined based on the diffusion equation, 

which was solved using the finite difference method. The diffusion equation used is presented in 

Eq. (8,9) [30]. 
67
68
	=  D	9

(7
9:(

 (8) 

D =  α ∆8
∆:(

 (9) 

The equation was then solved using the finite difference method with the explicit FTCS 

(Forward Time Central Space) scheme to determine the thermal diffusivity value at a certain point 

and time, as shown in like Eq. (10,11,12,13) [14,15]. 

67
68
	    =  7)

*+,#	7)
*	

∆8
 (10) 

6(7
6*(

   = 7)-,
* #<7)

*=	7)+,
*

∆*(
 

(11) 

67)
*+,

68
=  𝛼		6

(7)
*+,

6*(
	 

(12) 

𝛼       = (∆*)
(

∆8
 W 7)

*+,#	7)
*

7)-,
* #	<7)

*=	7)+,
* X 

(13) 

Where i is the grid of measurement points (cm), j is the grid of measurement times (s), ∆x is 

the distance between measurement points, and ∆t is the time interval between measurements. The 

stability condition for the thermal diffusivity value was determined, namely the D value <0.5 [14]. 

The thermal conductivity value was then determined by calculating the product of the 

specific heat, density and thermal diffusivity values of the material, as shown in Eq. (14) [31,32]. 

𝑘 = 𝑐𝑝	. 𝜌	. 𝛼 (14) 

Where cp is specific heat (J/kg oC), 𝜌 is the density (kg/m³), and α is thermal diffusivity 

(m2/s). The thermal conductivity values can then be compared, as shown in Eq. (15) [33]. 

𝑘 = 0.25	𝑋ℎ + 0.155	𝑋𝑝 + 0.16	𝑋𝑓 + 0.135	𝑋𝑎 + 0.58	𝑋𝑤 (15) 

The simulation of temperature changes (cooling) was determined using the spherical heat 
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conduction equation. The general form of the heat conduction equation in a sphere is given in Eq. 

(16) [34]. 

1
𝑟 	
𝜕<

𝜕𝑟< 	
(𝑟𝑇) +	

1
𝑟<𝑠𝑖𝑛𝜃 	

𝜕
𝜕𝜃	]𝑠𝑖𝑛𝜃	

𝜕𝑇
𝜕𝜃^ +	

1
𝑟<𝑠𝑖𝑛<𝜃	

𝜕<𝑇
𝜕∅< +	

𝑞
𝑘 = 	

1
𝛼	
𝜕𝑇
𝜕𝑡  (16) 

However, in this study, it is assumed that heat distribution only occurs in the radial direction 

(1D) and is not influenced by the Ø angle or ϴ angle. Therefore, the heat equation used is given 

in Eq. (17) [34]. 

𝜕𝑇
𝜕𝑡 = 	𝛼	 a

𝜕<𝑇
𝜕𝑟<	 + 	

2
𝑟 	
𝜕𝑇
𝜕𝑟b (17) 

The above equation can be solved using a partial derivative finite difference equation with 

the FTCS (Forward Time Central Space) scheme. The resulting derivative for T(r,t) is given in Eq. 

(18,19) [34]. 

!
𝑇!"#$%∆# +	𝑇!"#$

∆𝑡
' = 	𝛼	 *!

𝑇!"'∆!#$ − 2𝑇!"#$ + 𝑇!"%∆!#$

∆𝑟(
' +	.

2
𝑟𝑖0

	!
𝑇!"%∆!#$ +	𝑇!"'∆!#$

2 ∗ ∆𝑟
'2 (18) 

𝑇!"#$%∆# +	𝑇!"#$ =	 

!.
𝛼 ∗ ∆𝑡
∆𝑟( 0 3𝑇!"'∆!#$ − 2𝑇!"#$ + 𝑇!"%∆!#$ 4 +	.

𝛼 ∗ ∆𝑡
2 ∗ ∆𝑟

	𝑥	
2
𝑟𝑖0

	3𝑇!"%∆!#$ +	𝑇!"'∆!#$ 4' 

(19) 

In equation (19), c>∗∆8
∆@(

d		(D) represents the diffusion constant, which has a stability 

requirement of D < 0.5. For brevity, the diffusion constant  c>∗∆8
∆@(

d	can be written as D and D1 for 

c >∗∆8
<∗∆@(

d. The equation used is given in Eq.  (20) [34]. 

 𝑇!"#$%∆# =	𝑇!"#$ +	 

!𝐷 ∗	3𝑇!"'∆!#$ − 2𝑇!"#$ + 𝑇!"%∆!#$ 4 + .𝐷1	𝑥	
2
𝑟𝑖0

3𝑇!"%∆!#$ + 𝑇!"'∆!#$ 4' 
(20) 

Since the program uses the MATLAB application to display temperature distribution images 

in circular (polar) form, the Ø angle is needed to create a circular pattern. The polar coordinates 

are then converted to Cartesian coordinates using the pol2cart command. The equations for the 

simulation used in the MATLAB program are given in Eq. (21) [34]. 

𝑇!",∅+
#$%∆# =	𝑇!",∅+

#$ + 

a𝐷 ∗	g𝑇@A#∆@,∅D83 − 2𝑇@A,∅D83 + 𝑇@A=∆@,∅D83 h + ]𝐷1	𝑥	
2
𝑟𝑖^ g𝑇@A=∆@,∅D

83 + 𝑇@A#∆@,∅D83 hb 
(21) 

From equation (21), when T (ri, Øj, tk) = Ti,j,k the equation can be discretized as shown in 

Eq. (22) [34]. 

𝑇",+$%, =	𝑇",+$ +	!𝐷 ∗ 3𝑇"',,+$ − 2𝑇",+$ + 𝑇"%,,+$ 4 + .𝐷1	𝑥	
2
𝑟𝑖0

3𝑇"%,,+$ + 𝑇"',,+$ 4' (22) 

The parameters entered into the MATLAB software to simulate temperature changes include 
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the thermal diffusivity value, inner radius (r_in) = 0 cm, outer radius (r_out) = 5 cm, number of 

segments (m) = 5, between nodes (delta_r) = 1 cm, number of nodes (nr) = 6, total angle (nphi) = 

36, total time (t) = 12000 s, and time difference (delta_t) = 1 s. The boundary conditions used are 

as follows: 

Initial Condition: T(r,t =0) = Tin = 28oC 

Boundary Condition: at r = r_out, T (5,t) = Trout = 0oC (Dirichlet BC) 

The output data displayed in the MATLAB software showed the temperature distribution 

from the simulation results. The output represented the temperature change occurring radially 

every 1 s for 12000 s. The simulation results were compared with experimental data using R2 

regression. 

3. Results and Discussion 
3.1. Specific Heat 

Based on the chemical composition of red dragon fruit, the carbohydrate percentage was 

11.06%, fat was 0.59%, protein was 0.43%, ash content was 0.85% and water content was 87%. 

From these values, the specific heat was 3.827 kJ/kgoC. This specific heat value aligns with the 

results of Rofi’ah [35], who reported 3.507 - 3.796 kJ/kgoC for red dragon fruit. When compared 

to the data from Bhagya Raj et al. [36], which reported a specific heat of 3.350 kJ/kgoC, the value 

obtained in this study is slightly higher. 

The variation in the specific heat value of red dragon fruit can be influenced by its chemical 

composition. Different stages of maturity result in distinct chemical composition values. Fruit left 

too long after harvest exhibit a decrease in water content, as indicated by weight loss and wrinkling 

due to evapotranspiration, which also affects the specific heat value. The specific heat influences 

the amount of heat energy required: the higher the specific heat, the higher the energy required to 

increase the temperature. 

3.2. Thermal Diffusivity 

The average thermal diffusivity of red dragon fruit determined in this study was 9.18 x 10-4 

cm2/s. A higher thermal diffusivity value indicates faster temperature propagation within the fruit. 

In this study, with a data collection interval of 1 s, the thermal diffusivity fluctuated from the 

beginning to the end of the cooling process. However, increasing the data collection interval ∆t 

decreases precision and accuracy, as the stability requirement for thermal diffusivity is a diffusion 

coefficient (D) < 0.5. 

A similar observation was made in the study by Karneta et al. [37], where the thermal 

diffusivity of pempek lenjer during boiling fluctuated but was generally higher at the beginning of 

the heating process. These fluctuations in thermal diffusivity were influenced by temperature 

measurements, as voltage fluctuations also occurred during temperature data collection. Such 
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fluctuations can arise from several sources, including jumper connections on the Arduino Mega, 

PCB, or solder connections. Additionally, power supply drops in the Arduino Mega circuit may 

alter the retention for the ADC (Analog Digital Conversion) process. 

Other factors influencing the thermal diffusivity of red dragon fruit include the fruit’s 

structure, chemical composition, and physical characteristics. In this case, the most visible factors 

contributing to resistance are the specific heat and density values, with the specific heat being 

further influenced by the material’s chemical composition. 

Based on the results of testing the chemical composition of red dragon fruit, the largest water 

content was 87%. According to Kumar et al. [38], higher water content in fruit results in greater 

thermal diffusivity values, as water is an effective heat conductor. During the cooling process, the 

water content in dragon fruit decreases, which can lead to a denser fruit structure and fluctuating 

thermal diffusivity values until the end of the cooling process [39]. Variations in compositions 

affect heat transferred in the material, significantly influencing the resulting thermal diffusivity 

value. 

Another chemical factor that influences and impedes thermal diffusivity is fat, which has 

insulating properties against transmitted heat. As reported by Zain et al. [40] in a study on the 

application and function of porang in frozen yogurt, fat can stabilize the air cavity in the ice cream 

structure, preventing it from melting easily due to a slower thermal diffusivity rate. The presence 

of fat and protein during heating can form surface deposits that hinder temperature distribution. 

The proximate content of ingredients such as carbohydrates, fats and proteins, can obstruct heat 

diffusion, thereby reducing the rate of temperature distribution in the product. 

           
                                         (a)                                                                        (b) 

Fig. 3. Simulation of temperature distribution at: (a) time 0 s and (b) time 12000 s 

3.3. Thermal Conductivity 

Thermal conductivity was determined based on the values of cp, α, and 𝜌. The 𝜌 value 

obtained in this study was 973.45 kg/m3. Based on the calculation method, the thermal conductivity 

of red dragon fruit in this study was 0.34 W/moC. In comparison, the thermal conductivity 

calculated using chemical composition was 0.53 W/moC. The thermal diffusivity values produced 
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in this study tended to be lower than expected. This may be due to temperature reading fluctuations 

caused by voltage instability, resulting in thermal diffusivity values that are either lower or higher 

than the actual values. 

When compared with the results from research conducted by Bhagya Raj et al. [36], the  

thermal conductivity of red dragon fruit was 0.48 W/m oC. The results also show notable 

differences. Factors influencing this, in addition to thermal diffusivity, include the specific heat 

value and the density value of the dragon fruit. Specific heat is influenced by several chemical 

compositions such as carbohydrates, fats, proteins, ash content, and water content [41]. At different 

levels of ripeness, the proportion of these chemical components vary. Density also affects heat 

conduction in dragon fruit. The greater the specific heat and density values, the greater the thermal 

conductivity [42]. 

     
(a)               (b)                                                             

      
(c)                (d)                                                  

 
    (e) 

Fig. 4. Comparison of measured (M) and simulation (S) temperatures at distances: (a) 0 cm, (b) 
1 cm, (c) 2 cm, (d) 3 cm, and (e) 4 cm 

 

3.4. Simulation of Temperature Distribution Using MATLAB R2022a apk 

The simulation results of temperature changes in this research can be seen in Fig. 3. The 
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initial condition before the temperature distribution was characterized by the inside of the dragon 

fruit appearing yellow, indicating an initial temperature of 28oC, while the outside (Trout) was 

0oC, marked in blue. Each color represents the temperature distribution becoming lower towards 

the center, indicating the temperature changes were approaching the thermal source. The deeper 

the temperature distribution, the slower the change. Therefore, in the central part, the temperature 

decreases much slower than in other parts. This is in accordance with Sulistyaningtyas et al. [43], 

who stated that the slowing of temperature distribution is influenced by the size of the cross-

sectional area. 

3.5. Validation of Measurement Results (Experiment) and Simulation 

The measured temperature data were compared with the simulation results using the R2 

value. A comparison of the measurement and simulation results is presented in Fig. 4. 

Based on validation of the measurement results with the simulation, the R2 value at 0 cm 

from the center was 0.9488 with a standard error of 1.77. At 1 cm from the center, the R² value 

was 0.9468 with a standard error of 1.71. At 2 cm, the R2 value was 0.9623 with a standard error 

of 1.31, while at 3 it was 0.9844 with a standard error of 0.77. At 4 cm from the center, the R2 

value was 0.9851 with a standard error of 0.67. The overall average R2 value was 0.9654.  Based 

on the validation results, significant differences were observed in Fig. 4 a-c, which may be 

attributed to the uneven thickness of the red dragon fruit skin and on the other hand. Additionally, 

the major influencing factor is the thermal diffusivity estimation approach, which was based on an 

explicitly discretized 1D heat transfer equation. In practice, thermal diffusivity should be measured 

in a closed system; however, this study relied on the assumption that heat flow occurs only in 1D. 

Furthermore, if the radius is increased, there is a possibility that differences in the temperature 

trend may occur, which could also lead to variations in the average R2 value. However, if the 

average R2 value remains above 0.95, the results can still be considered satisfactory. Although the 

present study on cooling simulation using 1D radial thermal flow—modeled via the spherical heat 

conduction equation and explicitly discretized using the Forward Time Central Space (FTCS) 

scheme of the Finite Difference Method—has not been specifically applied to red dragon fruit, a 

similar approach has been reported by Emmilia [14]. In her study, cooling simulations were 

conducted on whole avocados. Accordingly, the spherical heat conduction equation was applied 

and solved using the explicit scheme FTCS (Forward Time and Central Space) method, under the 

assumption that heat transfer occurs radially in 1D. Based on the results of the relationship between 

observed and simulated temperatures, the R2 value ranged from 0.91 to 0.97, which is consistent 

with the findings in the present study. However, in Emmilia’s research, Delphi 7 software was 

used, and the output was limited to numerical comparisons of temperature data. As a result, the 

temperature distribution across the fruit could not be visually illustrated.  
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Based on the results and limitations of this study, future research would benefit from 

measuring the thermal diffusivity of whole red dragon fruit using a 3D discretized heat transfer 

equation. This approach could provide more accurate results and minimize potential errors. 

Nonetheless, the 1D radial discretized heat transfer equation model used in this study has been 

proven to be effective for observing temperature distribution in spherical-shaped fruit over a given 

period. 

4. Conclusions 

The specific heat, thermal diffusivity, and thermal conductivity values of red dragon fruit 

obtained in this study were 3.827 kJ/kgoC, 9.18 x 10-4 cm2 /s, and 0.34 W/moC, respectively. Based 

on the R2 validation test, the simulation results of temperature changes were consistent with the 

experimental data, with the R2 values of 0.9488 at 0 cm, 0.9468 at 1 cm, 0.9622 at 2 cm, 0.9844 

at 3 cm, and 0.9851 at 4 cm from the center, yielding an average R² of 0.9654. The results indicate 

that the 1D (radial) discretized heat transfer equation model is suitable for simulating temperature 

distribution in spherical fruit over time based on its thermal diffusivity. However, limitations were 

observed in the validation results, particularly within 0-2 cm from the center, where significant 

discrepancies occurred. However, the average R2 value obtained in this study was 0.9654, which 

is above 0.95, indicating that the results were still acceptable. Nevertheless, future research could 

benefit from measuring thermal diffusivity of whole red dragon fruit using a 3D discretized heat 

transfer equation to achieve more accurate results and minimize potential errors.  
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