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ABSTRAK 
 

Penelitian ini dilakukan untuk mengevaluasi proses pengeringan menggunakan pendekatan model 
pengeringan Moisture Ratio (MR) antara lain model Newton, Page, Henderson-Pabis, dan Midili. Proses 
pengeringan lapisan tipis menggunakan food dehidrator Wirastar FDH10 pada suhu konstan 60°C selama 23 
jam. Parameter yang diamati selama proses pengeringan yaitu penurunan bobot, kadar air, dan aktivitas air (aw). 
Analisis data dan pemodelan matematika dilakukan dengan Microsoft Excel Analysis Tools Solver Add-In. Berat 
akhir irisan apel kering berkurang sebesar 80,2% dan kadar air akhir dalam kisaran 6-8% dengan nilai akhir aw 
= 0,431. Model Midili terpilih sebagai model pengeringan yang sesuai karena menunjukkan nilai R2 tertinggi = 
0,9804 dan nilai SSE dan RMSE yang rendah. Persamaan model Midili adalah MR = 1,000 exp(-0,342*𝑡𝑡0,9456) 
+ 0,0038*t.  Hasil validasi model menunjukkan kesesuaian waktu yang dibutuhkan untuk mengeringkan irisan 
apel dari kadar air 84,4% basis basah menjadi 6,4% basis basah yaitu 11,5 jam. Waktu yang digunakan lebih 
efektif sebesar 42,5%, yang menunjukkan kemajuan yang signifikan. 

Kata kunci: irisan apel, pengeringan lapisan tipis, model pengeringan, rasio kelembaban 
 

ABSTRACT 
 

Dried fruits, such as dried orange slices, dried pineapple, or dried apple, offer an attractive alternative as a 
beverage garnish, providing a crisp texture and a more intense flavor compared to fresh fruit. This research is 
conducted to evaluate the process using the Moisture Ratio (MR) drying model approach among Newton, Page, 
Henderson-Pabis and Midili. The thin-layer drying experiment was carried out in a food dehydrator (Wirastar 
FDH10) at the constant temperature of 60°C for 23 hours. The main data gathered are including weight losses, 
moisture content and water activity (aw) were measured during the process. The most adequate model for 
describing the experiments data is Midili model.  It is presented the highest value of correlation coefficient (R2 
=0.9804) and low values of error comparing to other methods. The empirical equation using Midili model is MR 
(moisture Ratio) = 1.000 exp(-0.342*t0.9456) + 0.0038*t, while t representing the drying time. Result shows the 
final weight of the dried apple slices decreased by 80.2%, target moisture content is in the range of 6 – 8%, with a 
final water activity value 0.431. The result of this research reveals the efficiency of 42.5% of drying time (11.5 
hours) to dry 84.4% to 6.4% on wet basis. By doing this research it is shown that the model could show the 
improvement of the efficiency of drying time. 

Keywords: apple slices, drying model, moisture ratio, thin layer drying 
 

INTRODUCTION 
 

The food and beverage processing business is 
continuously expanding in response to modern 
lifestyle trends, particularly the popularity of 
consuming food and drinks served directly in 
restaurants, dining establishments, cafes, and hotels. 
Beverages such as cocktails, coffee drinks, or 
mocktails are frequently served, and dried fruits can 
be utilized as a garnish to provide an elegant 
appearance, enhance visual appeal, and impart a 
unique flavour. 

Dried fruits, such as dried orange slices, dried 
pineapple, or dried apple, offer an attractive 

alternative as a beverage garnish, providing a crisp 
texture and a more intense flavour compared to fresh 
fruit. Among these, dried apple slices are the most 
susceptible product to quality deterioration, 
exhibiting a faster degradation rate compared to 
others. This vulnerability stems from the 
characteristic open pores in dried apple slices, which 
readily absorb ambient water vapor. Furthermore, 
according to Ceron et al. (2018), dried apples have a 
high reducing sugar content, resulting in a greater 
water-holding capacity than other fruits. 

Dried fruit is fresh fruit that has been 
processed by drying to reduce a significant amount of 
its moisture content. A common approach for 
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modelling the drying of fruit using a dehydrator 
involves a mathematical framework aimed at 
predicting moisture content changes over time, 
known as thin-layer drying kinetics. This model show 
how variables such as temperature, time, and fruit 
type affect the rate of drying. Thin-layer drying is 
characterized by spreading the material in a thin layer, 
which facilitates direct and uniform contact with the 
air used for drying. According to Lahsasni et al. 
(2004), this technique promotes a quicker and more 
even drying process because hot air consistently 
extracts moisture from the entire surface area of the 
material. 

The dried apple slices produced by PT 
Primafood Relasi Utama are created using the thin-
layer drying method. Currently, the duration of this 
drying process depends entirely on reaching the level 
of dehydration in the product. Such variability in 
drying times may result in energy inefficiency if it 
extends beyond what is required. In order to get an 
efficient drying process that yields a product moisture 
content meeting SNI 3710:2018 standards (<20%) or 
aligning with company goals (6−8%), it is essential to 
assess the drying technique through a modelling 
approach. Establishing an effective drying model 
enables the company to identify optimal parameters, 
including suitable timeframes tailored to the specific 
attributes of the fruit being dried. Using mathematical 
models and simulating the drying curve at different 
operational conditions is necessary to improve 
process efficiency of a commercial scale drying. 
Karathanos and Belessiotis (1999) reported, the 
principle of the model explains how the system 
operates during the drying process based on various 
mathematical equations 

 
MATERIALS AND METHODS 

 
Materials and Equipment 

The equipment utilized in this research 
includes a Wirastar FDH-10 food dehydrator, a 
slicing machine, an aw meter (water activity meter), 
an oven, a thermometer, a digital balance, and 
containers. The materials used in this study were Fuji 
apples (the average water content and weight were 
84.4% and 133.67 grams.) sourced from an imported 
fruit supplier in Bogor and demineralized water 
(aquadest). 
 
Methodology 
Material Preparation 

Fuji apples were stored in a chiller at a 
temperature of 4−10∘C for 24 hours. Storing apples 
at low temperatures is crucial for slowing the 
respiration rate and the ripening process, which, in 
turn, extends the apple's shelf life. Subsequently, the 
apples were washed using running water. Washing 
the fruit is a process carried out to clean the fruit, 
removing dirt, pesticides, microorganisms, and other 
chemical residues that may adhere to the surface. 

The slicing process involved cutting the apples 
into thin layers with a thickness of 4 mm. The apple 
slices were then arranged neatly and spread in a single 
layer on a perforated drying tray, measuring 
28×38 cm. Each tray had a capacity of approximately 
20 apple slices. The arrangement of the material 
during the drying process is critical for ensuring the 
quality of the final product. Uniform distribution of 
hot air is one of the key factors. The use of perforated 
trays helps to enhance the airflow around the apple 
slices, thereby preventing localized over-drying. 
 
Drying Process 

The drying process was conducted using a 
Wirastar FDH-10 food dehydrator at a constant 
temperature of 60∘C for a duration of 23 hours. The 
drying machine used is shown in Figure 1. 

 

 
 

 
Figure 1. Food dehydrator Wirastar FDH-10 

 
During the drying process, the following 

parameters were meticulously monitored and 
recorded: weight loss (%), moisture content (%), and 
water activity (aw). Observations were performed 
every 30 minutes for the first 7 hours, followed by 
every 60 minutes for the subsequent 4 hours, then 
every 120 minutes for the next 4 hours, and finally, 
every 180 minutes for the remaining 9 hours. 
 
Drying Model Analysis 

The drying models employed to describe the 
drying process of the apple slices are based on the 
concept of Moisture Ratio (MR). These models 
include the Newton, Page, Henderson-Pabis, and 
Midili models. The mathematical equations for these 
specific drying models are presented in Table 1. 

 
Table 1.  Moisture Ratio (MR) Drying Models 

No Drying Model 
Name 

Mathematical 
Equation 

1 Newton MR = exp(-k*t) 
2 Page MR = exp(-k*tn) 
3 Henderson-Pabis MR = a exp(-k*t) 
4 Midili MR = a exp(-k*tn) + 

b*t 
Source : Koloay et al. (2017) 

 
The appropriate drying model is selected 

based on three key statistical parameters: the 

Technical spesification:  
• Maximum power: 

1000 W 
• Integrated power: 

600 W 
• Volume: 50 L 
• Tray dimension 

(cm): 28 x 38 
• Temperature range 
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Coefficient of Determination (R2), the Sum of 
Squared Errors (SSE), and the Root Mean Square 
Error (RMSE). The calculation of these parameters 
utilizes the following equations: 
 
Coefficient of Determination (R2) 

R2 = 1 −
∑ (MRpre.i − MRexp.i)2N
i = 1

∑ (MR�����pre.i − MRexp.i)2N
i = 1

 

Note : 

R2 : Coefficient of Determination 
MR�����pre : Mean value of predicted moisture 

ratio 
MRpre.i : Predicted moisture ratio for the i-th 

observation 
MRexp : Value of experimental moisture 

ration 
MRexp.i : Experimental moisture ratio for the 

i-th observation 
 

Sum Square Error (SSE) 

SSE = � (MRpre.i − MRexp.i)2
N

i = 1
  

Note : 

SSE : Sum Square Square Error 
MRexp.i : Experimental moisture ratio for the 

i-th observation 
MRpre.i : Predicted moisture ratio for the i-th 

observation 
N : Number of data points/ 

observations 
   

Root Mean Square Error (RMSE) 

RMSE =  �
∑ (MRpre.i − MRexp.i)2N
i = 1

N
 

Note : 

RMSE : Root Mean Square Error 
MRexp.i : Experimental moisture ratio for the 

i-th observation 
MRpre.i : Predicted moisture ratio for the i-th 

observation 
N : Number of data points/ 

observations 
 
Primary data were obtained from field 

observations and laboratory testing. Data processing 
was performed using a quantitative non-linear 
regression analysis method. This analysis was 
conducted using the Solver Add-In feature within the 
Microsoft Excel Analysis Tools software. 

 
RESULTS AND DISCUSSIONS 

 
Drying Process 

Fuji apple (Malus pumila) is one of the most 
popular apple varieties globally, distinguished by its 

characteristic sweetness and crisp texture. The Fuji 
apple is a hybrid resulting from the cross between the 
Red Delicious and Ralls Janet varieties (Ku et al., 
2016). Its skin typically exhibits a pinkish-red color 
with slight yellow or green undertones, and its surface 
is dotted with small specks. The flesh is white to 
cream-colored and notably juicy. Fuji apples tend to 
be larger in size compared to other apple varieties. 

The production process for dried apple slices 
involves several stages. The apples sourced from the 
supplier were initially stored in a chiller at a 
temperature of 4−10∘C for 24 hours. This storage step 
was implemented to slow the respiration rate. 
Subsequently, the apples were washed with running 
water to remove any dirt and dust accumulated during 
distribution. After washing, the apples were sliced 
using a slicing machine to a uniform thickness of 
4 mm. According to Li et al. (2019), the slice 
thickness plays a significant role in the final product 
quality. Slicing was performed carefully to ensure 
thickness consistency. The sliced product was then 
arranged neatly and evenly on the perforated drying 
trays. These trays were subsequently placed inside the 
Wirastar FDH-10 food dehydrator (Figure 2). The 
drying process was carried out at a constant 
temperature of 60∘C for 23 hours. The rate of the 
drying process was monitored by observing the 
changes in weight loss (%), moisture content (%), and 
water activity (aw) of the apple slices throughout the 
drying period. 

 

 
 

Figure 2. Arrangement of apple slices on trays inside 
the Wirastar FDH-10 food dehydrator 

 
Weight Loss 

Weight loss is defined as the reduction in the 
total mass of a food material resulting from the 
removal of water and other volatile components 
during processing, such as drying, storage, or cooking 
(Smith and Brown, 2019). As demonstrated in Figure 
3, the weight loss of the fruit slices increased 
proportionally with the duration of the drying time. 
Drying periods exceeding 600 minutes exhibited a 
relatively consistent percentage of weight loss for the 
dried fruit slices, stabilizing at an average of 79.59%. 
Following a total drying duration of 1380 minutes (23 
hours), the apple slices' initial moisture content of 
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86.13% was reduced to a final moisture content of 
5.84%. This corresponded to a total weight loss of 
93.22%, with an R2 value of 0.8997. 

 
Figure 3.  Percentage weight loss of apple slices as a 

function of drying time 
 
Fuji apples have a relatively high moisture 

content, which leads to a significant weight loss 
during drying (Tunde-Akintunde et al., 2014). In 
addition to moisture content, several factors influence 
the magnitude of weight loss, including temperature, 
drying time, drying method, and the shape and size of 
the material. Research by Bakry et al. (2021) 
indicated that higher drying temperatures and longer 
drying times result in greater weight loss. Drying at 
high temperatures accelerates water evaporation but 
may also lead to the degradation of material quality. 
The duration of drying directly affects the contact 
time between the heat and the material. A longer heat 
contact time means a greater amount of water is 
evaporated. 

The drying method also has a significant 
influence on the weight loss, quality, and final 
characteristics of food materials. The cabinet drying 
method on roselle flowers for 7 hours produced dried 
roselle flowers with the moisture content of 7.5% and 
the total phenolic compound of 22.43 mg/100 g of 
material (Purbowati et al., 2018). The findings of 
Doymaz (2017) demonstrated that drying eggplant 
using different cutting shapes and sizes affected 
weight loss. Thin slices tend to lose more water and 
experience greater weight loss compared to thicker 
cuts. The effect of weight loss on food products 
during the drying process is highly significant, 
impacting various aspects such as nutritional quality, 
sensory attributes, texture, and shelf life. 
 
Moisture Content 

Moisture content is a physical property of a 
material that indicates the amount of water contained 
within it. It is expected to decrease proportionally 
with the duration of the drying time. As shown in 
Figure 4, the moisture content of the apple slices 
demonstrated a reduction corresponding to the 
increase in the drying duration. 

Figure 4 illustrates that the reduction in the 
moisture content of the apple slices was quite 
substantial during the first 300 minutes (5 hours) of 

drying, dropping by approximately 69-70% and 
reaching a moisture content of around 26-27%. This 
rapid initial decrease is attributed to the relatively 
large mass of free water present on the material's 
surface. Subsequently, the rate of moisture reduction 
slows down as the free water on the surface depletes, 
requiring the evaporation of water bound within the 
material. This observation aligns with the principle of 
drying kinetics: once the free surface water is 
exhausted, the bound water must move via diffusion 
from the interior to the surface. This bound water then 
evaporates, facilitated by the drying air flowing 
around the material. 

 
Fiqure 4.  Percentage moisture content of apple slices 

as a function of drying time 
 
In general, the graph depicting the relationship 

between drying time and material moisture content 
typically shows three periods: a period of rapid 
decrease, a period of gradual decrease, and a period 
approaching equilibrium (Nurhawa, 2016). The 
phenomenon observed above illustrates the 
characteristic trend for drying apple slices, which is a 
continuous decrease throughout the process. The 
graph showing the relationship between drying time 
and material moisture content yielded an R2 value of 
0.8117 (categorized as strong). The R-squared (R2) 
value is used to assess the degree to which a specific 
independent variable influences the dependent 
variable. There are three common categories for R-
squared values: strong (above 0.75), moderate 
(0.5−0.75), and weak (0.25−0.50) (Hair et al., 2011). 

 
Water Activity (aw) 

Water activity (aw) describes the degree of 
water availability in a food material, which 
biologically influences chemical reactions and 
microorganism growth. The aw value ranges from 0 
(completely dry) to 1 (pure water). Water activity is 
closely related to the moisture content of the food 
material. The level of water activity in a food material 
significantly affects its shelf life (Lahsasni et al., 
2004). 

Water activity (aw) is a critical factor in 
controlling microbial growth in food. 
Microorganisms require a certain level of aw to 
survive and proliferate. Rahman and Labuza (2017) 
stated that the reduction of aw in food is an effective 

y = 19,095ln(x) - 44,116
R² = 0,8997
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method for inhibiting the growth of pathogenic 
microorganisms. Other studies indicate that most 
pathogenic bacteria can grow at aw levels above 0.85, 
while molds and yeasts typically require aw above 
0.80. Water activity also influences the food 
material's texture and sensory quality. 

Figure 5 demonstrates that the water activity 
(aw) showed a decreasing trend throughout the drying 
process. The final aw value of the dried apple slices 
was relatively low, specifically 0.431. A low aw value 
prevents the growth of most microorganisms such as 
bacteria, yeasts, and molds, thereby extending the 
product's shelf life. Products with low aw tend to be 
chemically stable because the rates of Maillard 
reactions and lipid oxidation are reduced. Products 
with low aw are typically dry and hard. Conversely, 
products with high aw are generally softer but are also 
at higher risk of becoming soggy or moldy (Rahman 
and Labuza, 2020). 

 
Figure 5.  Change in water activity (aw ) of apple slices 

during the drying process 
 

Drying Model Analysis 
The conducted drying process not only 

demonstrated a decrease in the moisture content of the 
apples but also showed a corresponding reduction in 
the Moisture Ratio (MR) value over the duration of 
the drying period. The Moisture Ratio (MR) is 
defined as the ratio of the remaining moisture content 
in the material at a specific time to its initial moisture 
content. Understanding the pattern of MR reduction 
is crucial for comprehending and optimizing the 
drying process of food materials. The rate of decrease 
in the Moisture Ratio (MR) during the drying process 
is illustrated in Figure 6. 

 
Figure 6. Change in moisture ratio (MR) of apple 

slices during the drying process 

 
Both Figure 4 and Figure 6 clearly 

demonstrate a decreasing trend in moisture content 
and MR value throughout the drying process. The 
decline pattern of the MR during drying is generally 
categorized into several phases. 

In the initial drying period, MR decreases 
linearly because the drying rate is relatively constant, 
primarily due to the evaporation of surface moisture. 
Research by Mujumdar (2006) indicates that this 
phase is characterized by the rapid evaporation of 
easily removed surface moisture. The second phase is 
often fluctuating, which can be caused by various 
external and internal factors that influence the drying 
rate. This fluctuating phase reflects temporary, non-
monotonous changes in the drying rate. Once the free 
water on the material surface is depleted, the drying 
process enters a phase with a slower rate of decrease. 
In this phase, bound water from the internal core of 
the material moves to the surface via diffusion, 
causing the drying rate to slow down, and the MR to 
decline more slowly, following a negative 
exponential curve. Khalloufi and Ratti (2003) noted 
that internal diffusion and resistance to mass transfer 
become the primary limiting factors during this 
period. 

Drying models are essential tools for detecting 
the moisture ratio behavior of materials during the 
drying process. Mathematical drying models are 
capable of significantly explaining the parameters 
that impact the drying process, including the drying 
conditions, the type of dryer used, and the 
characteristics of the material being dried (Onwude et 
al., 2016). The plot comparing the 
Moisture Ratio (MR) of the apple slices with the 
Newton, Page, Henderson-Pabis, and Midili models 
is presented in Figure 7. 

The Moisture Ratio (MR) drying model 
analysis was performed using a quantitative non-
linear regression analysis method implemented via 
the Solver Add-In feature of Microsoft Excel 
Analysis Tools software. This analysis yielded the 
model constants, Coefficient of Determination (R2), 
Sum of Squared Errors (SSE), and Root Mean Square 
Error (RMSE). The MR drying model constants, 
identified as k, n, a, and b, were utilized to generate 
the predicted MR values through the non-linear 
regression analysis. 

The level of fit for the Moisture Ratio (MR) 
drying models can be assessed by analyzing the R2, 
SSE, and RMSE values for each model. The R2 
analysis is a statistical test that describes how well the 
model variance matches the observed data set, or 
represents the difference between the observed and 
expected values within the model. R2 values range 
between 0 and 1, where a value of 0 indicates that the 
model explains no observed variation, and a value of 
1 indicates the model perfectly explains the observed 
variation.

y = -0,158ln(x) + 1,481
R² = 0,7989
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(a)       (b) 

 
 (c)        (d) 

 
Figure 7. Drying model graphs for apple slices: (a) Newton, (b) Page, (c) Henderson-Pabis, and (d) Midili 

 
Table 2.  Constants, R2, SSE, and RMSE Values for the MR Drying Models 

Drying Model Drying Model Constants R2 SSE RMSE 
k n a b    

Newton 0.3009    0.9624 0.0530 0.0558 
Page 0.3531 0.8639   0.9686 0.0443 0.0510 
Henderson-Pabis 0.2912  0.9764  0.9631 0.0520 0.0553 
Midili 0.3421 0.9456 1.0000 0.0038 0.9804 0.0277 0.0404 

 
SSE analysis is a statistical test used to 

measure the total difference between the actual and 
predicted values; an SSE value approaching zero 
signifies a better fit for the observed model. RMSE 
analysis is a measure of the error level based on the 
difference between two corresponding variables; a 
smaller RMSE value indicates a greater predictive 
accuracy for the model. The constants, R2, SSE, and 
RMSE values resulting from the MR drying model 
analysis are presented in Table 2. 

The modelling results and non-linear 
regression analysis of the Moisture Ratio (MR) 
drying models indicated that the Midili model 
exhibited the highest R2 value (0.9804) and the lowest 
SSE and RMSE values (0.0277 and 0.0404, 
respectively) compared to the other models tested. 
This outcome strongly suggests that the Midili model 
is the most appropriate and best-fitting model. 

Subsequently, a precision test was performed by 
comparing the predicted MR values generated by the 
Midili model with the experimental MR values 
(actual MR) obtained from the study. The relationship 
between the actual MR and the predicted MR is 
presented in Figure 8.  

Figure 8 shows that the curve angle formed 
between the actual MR and the predicted MR closely 
approaches a 45∘ angle, indicating a strong agreement 
between the predicted and experimental MR values 
(Prasetyo et al., 2018). Furthermore, the graph 
illustrating the relationship between the actual MR 
and the predicted MR also displays a very high R2 
value (0.9807), which is close to 1 and falls into the 
strong category. The analysis results from the drying 
model and the level of fit detailed in Table 2 and 
Figure 8 unequivocally demonstrate that the 
mathematical equation of the Midili model is highly 
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RM = exp(-0.3009*t) 
R2 = 0.9624 

RM = exp(-0.3531*t0.8639) 
R2 = 0.9686 

 
 

RM = 0.9764 exp(-0.2912*t) 
R2 = 0.9631 

 

RM = 1.000 exp(-0.3421*t0.9456) + 0.0038*t 
R2 = 0.9804 
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suitable. This confirms that the most appropriate 
Moisture Ratio (MR) drying model for dried apple 
slices is the Midili model. 

 
Figure 8. Relationship between experimental MR 

(Actual MR) and predicted MR using the 
Midili Model 

 
Model Validation 

The drying model validation was performed 
quantitatively. The model validated was the Midili 
Moisture Ratio (MR) model. Validation involved 
conducting a re-drying experiment based on the 
drying time generated by the modeling. The 
validation is considered successful if the final 
moisture content adheres to SNI 3710:2018 (<20%) 
and meets the company's requirement for a final 
moisture content in the range of 6−8%. 

The validation target was an MR final value of 
0.081, which converts to a moisture content of 7%, 
and a water activity (aw) value of <0.6, with a total 
drying duration of 690 minutes (11.5 hours). The 
validation test yielded a final MR value of 0.074, 
converting to a moisture content of 6.4%. This result 
shows a difference of 0.6% from the target. This 
discrepancy is most likely due to the frequent opening 
of the food dehydrator lid during sampling, which 
alters the environmental conditions around the 
sample. This aligns with the findings of Kingsly et al. 
(2007), who stated that environmental conditions 
such as temperature, humidity, and air circulation 
have a major impact on drying efficiency and 
effectiveness. Differences in these conditions 
between the experiment and the model can cause 
significant variations in the results, emphasizing the 
importance of carefully controlling and reproducing 
these conditions to minimize such differences. 
Additionally, a final aw value of 0.431 was obtained. 
This value is below the safe limit, making the product 
safe for consumption. 

The study demonstrates that the Midili 
Moisture Ratio (MR) drying model resulted in a 
significantly shorter drying time than previously 
used. The prior drying time was 20 hours, whereas the 
modeled time was reduced to 11.5 hours. This result 
shows that using the Midili model can achieve a 
42.5% reduction in drying time. According to Li et al. 
(2019), reducing the drying time can increase 
production efficiency by accelerating the production 

cycle, decreasing energy consumption, and reducing 
electricity costs. Drying for 20 hours previously 
required an energy cost of Rp 28,894, while drying 
for 11.5 hours requires an energy cost of Rp 16614. 
Utilizing the drying time derived from the model 
saves Rp 12280 per drying batch. This study confirms 
that the shorter drying time contributes to reducing 
the total operational time and expediting product 
delivery to customers. 

 
CONCLUSIONS AND RECOMMENDATIONS 

 
Conclusions 

During the drying of apple slices, a notable 
decline in the drying rate was recorded, as indicated 
by measurements of weight loss, moisture content, 
and aw values. The final weight of the apple slices 
exhibited a shrinkage of 93.22% from their original 
weight, while the final moisture content fell within 
the range of 6−8%, and the final aw value measured at 
0.431. The chosen Moisture Ratio (MR) drying model 
is identified as the Midili model, represented by the 
equation: MR = 1.000 exp(-0.342* t0.9456 ) + 
0.0038*t, with an R² value of 0.9804. This model 
displayed both the highest R² value and the lowest 
SSE and RMSE values, which were nearly zero. The 
Midili model effectively established a correlation 
where the predicted moisture ratio aligned closely 
with the actual observed moisture ratio, achieving an 
R² value of 0.9807. According to this model, the 
optimal drying period is determined to be 11.5 hours, 
culminating in a final moisture content of 6.4%. This 
duration signifies an efficiency improvement of 8.5 
hours, equating to a 42.5% reduction in overall 
drying time. 

 
Recommendations 

Suggestions, further application of the MR 
Milidi drying model in industry can be used to predict 
product drying times by knowing the initial and final 
moisture content of the target product. 

 
ACKNOWLEDGMENTS 

 
The authors wish to express their deepest 

gratitude to the management of PT Primafood Relasi 
Utama for providing the facilities, infrastructure, and 
financial support necessary to conduct this research. 

 
REFERENCES 

 
Bakry RS, Khater EG, Bahnasawy AH, Ali SA. 2021. 

Effect of drying methods on the quality of 
dried tomatoes. Misr Journal of Agricultural 
Engineering. 38(2):155-180. 

Caballero-Ceron CV. Serment-Moreno,Velazquez G 
Torres JA, Welti-Chanes J.  2018. 
Hygroscopic properties and glass transition of 
dehydrated mango, apple and banana. Journal 
Food Science Rechol. 55(2): 540-549. 

y = 0,966x + 0,009
R² = 0,9807

0,000

0,200

0,400

0,600

0,800

1,000

1,200

0,00 0,20 0,40 0,60 0,80 1,00 1,20

M
R

 P
re

di
ct

io
n

MR Actual



Indah Yuliasih, Dzulkifli Rasyid, and Niken Ayu Permatasari 
 

 

Jurnal Teknologi Industri Pertanian 35 (3): 304-311   311 

Doymaz I. 2017. Effect of slice thickness on drying 
characteristics of eggplant. Journal of Food 
Engineering. 63(3): 349-359. 

Hair Jr JF, Black WC, Babin BJ, Anderson RE. 2018. 
Multivariate Data Analysis. Eighth Edition. 
Cengage Learning. United Kingdom: EMEA. 

Karathanos VT and Belessiotis VG. 1999. 
Application of a thin-layer equation to drying 
data of fresh and semi-dried fruits. Journal of 
Agricultural Engineering Research. 74(4): 
355-361. 

Khalloufi S and Ratti C. 2003. Quality deterioration 
of freeze‐dried foods as explained by their 
glass transition temperature and internal 
structure. Journal of Food Science. 68(3): 
892-903. 

Kingsly RP, Singh DB, and Jain RK. 2007. Influence 
of drying methods on quality of anardana. 
Journal of Food Engineering. 79(4): 1253-
1261. 

Koloay FG, Lengkey L, and Wenur F. 2017. 
Karakteristik dan model pengeringan lapis 
tipis daging buah pala (Myristica Fragrans 
Houtt) menggunakan experimental dryer. 
Journal Cocos.1(7): 207-219 

Ku HM, Yadav MP, Lee JW, Chang YH.  2016. 
Effect of drying methods on the functional 
properties of soluble dietary fiber isolated 
from apple pomace. Journal of Food 
Engineering. 171: 116-122 

Lahsasni SK, Mounir M. Mostafa, Idlimam A, Jamali 
A. 2004. Thin layer convective solar drying 
and mathematical modeling of prickly pear 
peel (Opuntia ficus indica). Energy. 29(2): 
211-224 

Li X, Zhang Y, and Wang H. 2019. Efficiency 
improvement in industrial drying processes. 
Journal of Manufacturing Processes. 42: 123-
132. 

Mujumdar AS. 2006. Drying fundamentals: theory 
and applications. Drying Technology. 24(10): 
123-145. 

Nurhawa N, Muhidong J, and Mursalim M. 2016. 
Perubahan dimensi temu putih (Curcuma 
zedoaria Berg. Roscoe) selama pengeringan. 
Jurnal AgriTechno. 9(1): 44–54. 

Onwude DI, Hashim N, Janius RB, Nawi NM, Abdan 
K. 2016. Modeling the thin‐layer drying of 
fruits and vegetables: A review. 
Comprehensive Reviews in Food Science and 
Food Safety. 15(3): 599-618. 

Prasetyo DJ, Jatmiko TH, and Poeloengasih D. 2018. 
Drying characteristics of Ulva sp. and 
Sargassum sp. Seaweeds. JPB Kelautan dan 
Perikanan. 13(1): 1–11 

Purbowati ISM, Sujiman, and Maksum A. 2018. 
Antibacterial activity of roselle (Hisbiscus 
sabdariffa) extract phenolics compound 
produced with variying drying methods and 
durations. Jurnal Teknologi Industri 
Pertanian 28 (1):19-27  

Rahman MS and Labuza TP. 2017. Water Activity 
and Food Preservation.  Handbook of Food 
Preservation Second Edition 3(20): 447-476. 
CRC Press  

Smith J and Brown L. 2019. Effects of drying 
methods on the nutritional quality and 
physicochemical properties of mango slices. 
Journal of Food Science. 84(4): 867-875. 

Tunde-Akintunde TY and Afon AA. 2014. Effect of 
pretreatments on the drying kinetics and 
quality attributes of sweet potato slices. 
Journal of Food Processing and Preservation. 
38(2): 584-593. 
 
 
 

 
 


