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Abstract
This study aimed to investigate drying times mathematical models and assess the color, rehydration capacity, and micro-
structure of dried peach using electrohydrodynamic (EHD), hot air, and electrohydrodynamic-hot air (EHD-hot air) drying 
methods. Peach samples were subjected to drying with two different air temperatures (50 and 55 °C) and electric field (EF, 
6.67 and 10 kV cm−1) under constant air velocity (1.5 m s−1). The longest drying durations were obtained in the EHD method 
(720 and 600 min), followed by hot air (290 and 260 min) and EHD-hot air method (120, 140, 170, and 200 min), respectively. 
The drying curves were best described by the Midilli et al. and Logarithmic models. The L* values of the samples subjected 
to hot air drying were found to be lower than those obtained through other methods. No significant effect of the electric field 
on rehydration capacity was observed. The study revealed that increased temperature and electric field led to surface cracks 
on the peach. The study highlights the compatibility of the EHD method with the hot air method, suggesting its potential 
application within the drying industry. From these findings, it was seen that the EHD-hot air combination method could 
be an alternative to the hot air method in the food industry by reducing the drying time of peaches and considering that the 
color parameters are generally better than the hot air method.
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List of symbols
a*	� Color parameter indicative of the transi-

tion from green (+) to red (−)
b*	� Color parameter indicative of the transi-

tion from yellow (+) to blue (−)
C	� Chroma
d	� Distance/cm
EHD	� Electrohydrodynamic
EF	� Electric field/kV cm−1

α°	� Hue angle
ΔE	� Total color differences
L*	� Lightness of a color
Mt	� Moisture content at a given time t/g water 

g dry matter−1

M0	� Initial moisture content/g water g dry 
matter−1

Me	� Moisture content at equilibrium/g water g 
dry matter−1

MRexp.i	� Experimental moisture ratio as measured
MRpre.i	� Predicted moisture ratio for the respec-

tive measurement
χ2	� Chi-square
RMSE	� Root mean square error
R2	� Correlation coefficient
T	� Drying air temperature/°C
t	� Drying time/min
V	� Voltage/kV
W1	� Mass of the dried product/g
W2	� Mass of rehydrated product/g

Subscripts
a,b,K,ko,g,c,k1	� Constant value
e	� Equilibrium
o	� Initial
N	� Number of experimental data observed
Z	� Number of the independent variable in 

the model
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Introduction

It has been approximated that the aggregate losses incurred 
during the post-harvest stage of vegetables and fruits 
amount to 30–40% compared to the total production, con-
stituting a significant contributing factor to the escalation 
of food costs [1]. Drying has long been employed as one of 
the oldest preservation methods to prevent such losses for 
fruits and vegetables typically harvested during specific 
seasons of the year, which begin to deteriorate after har-
vest and are challenging to store and transport. The drying 
process facilitates the reduction of water content from food 
substances, thereby mitigating the proliferation of micro-
organisms and averting spoilage. The attainment of a low 
residual water concentration within the product confers 
reduced susceptibility to microbial activity and curtails 
the extent of chemical and physical alterations during sub-
sequent storage periods. By water removal, foods can be 
preserved for utilization during off-season periods, thereby 
shielding them against microbial deterioration and enzy-
matic transformations. In conventional drying processes, 
heat and mass transfer are increased using convective, 
conductive, and radial heat sources [2–4]. Convective air 
drying has emerged as the dominant method for product 
dehydration due to its ease of implementation. The main 
advantages of using hot air in drying processes are bet-
ter removal of surface moisture and lower operational 
expenditure. This method finds widespread application in 
the dehydration of fruits and vegetables and requires the 
circulation of heated air across or over the product surface 
to ensure moisture removal. However, it was found that the 
presence of heat generated for drying the product in the 
system negatively affected the color, texture, aroma, and 
nutritional properties of the product [5, 6]. Furthermore, 
drying represents one of the most energy-intensive steps 
in food processing, resulting in high production costs. In 
consideration of these, recent researches have focused on 
developing new drying methods aimed at reducing drying 
time, enhancing product quality, and improving the sys-
tem's overall energy efficiency [7]. One such innovative 
drying method is electrohydrodynamic drying technology. 
This approach relies on creating a high-voltage corona 
discharge to generate an ionic wind within the airflow. 
It involves establishing a substantial voltage difference 
between a grounded collector electrode and an emitter 
electrode, typically featuring a tiny radius wire or needle. 
As a result of this setup, the air near the emitter becomes 
ionized at high voltages, often reaching kilovolts. Ions are 
induced to migrate towards the collecting electrode under 
the influence of the Coulomb force. During the movement 
of the ions, they hit the neutral molecules in the air and 
transmit their momentum. With the change of momentum, 

an air movement called ionic wind occurs. This wind, cre-
ated through the process, facilitates drying by enhancing 
heat and mass transfer between the product and the airflow 
[8]. The principal merit inherent in EHD drying technol-
ogy resides in its non-thermal characteristics, rendering 
it especially well-suited for the efficient desiccation of 
heat-sensitive agricultural commodities. This innovative 
approach has demonstrated superiority over conventional 
mechanical air drying systems by avoiding the generation 
of vibrational disturbances, exhibiting a reduced response 
time, and displaying enhanced energy efficiency. In addi-
tion, it has another advantage over the fan system in terms 
of system and design since the airflow produced by EHD 
is created just below the needle, not from the center like 
fan dryers [9]. Furthermore, when analyzed in terms of 
final product quality, Alemrajabi et al. [10], Bai et al. [11], 
and Elmizadeh et al. [12] reported lower shrinkage ratios, 
higher rehydration capacity values, and improved color 
quality when employing the EHD method in comparison 
to conventional oven drying.

The botanical classification of peach (Amygdalus persica 
Linn) situates it within the Rosaceae family and the genus 
Prunus. Renowned for its rich nutritional profile, peaches 
are replete with vitamins, minerals, soluble dietary fiber, 
carotenoids, and proteins, among other bioactive constitu-
ents. They wield significant influence over individuals' daily 
dietary practices, enjoying widespread consumer popular-
ity. The constituents contributing to the olfactory charac-
teristics of foodstuffs are pivotal in discerning their quality 
and eventual acceptance by discerning consumers [13]. The 
drying process is applied to peach products for off-season 
consumption. Peach products are dried by different methods 
such as hot air, natural drying, freeze drying, far-infrared, 
microwave, hot air-microwave combined method, and sun 
drying, and there are many articles discussing the effects 
on different parameters [14–17]. According to the literature 
study, no studies were found on drying peach by EHD, hot 
air and EHD-hot air methods. In this study, the aim of the 
peach samples dried by EHD, hot air, and EHD-hot air meth-
ods is as follows:

•	 To perform a comparative analysis of quality parameters, 
explicitly focusing on color, shrinkage, rehydration, and 
microstructure across dried peach samples obtained via 
different drying methodologies.

•	 To identify the most suitable model for this specific 
investigation, the experimental dataset concerning the 
relationship between moisture ratio and drying time was 
analyzed using ten distinct mathematical models.
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Materials and methods

Sample preparation

This study utilized peach (Prunus persica L.) fruit har-
vested from the Bursa region. The peach specimens were 
placed in a refrigeration unit, where a stable temperature 
of 4 ± 0.01 °C was maintained until the desiccation pro-
cess reached its conclusion. Following the drying proce-
dure, which involved exposing the products to a tempera-
ture of 70 °C for 24 h, the initial moisture content was 
assessed, yielding a value of 6.58 on a dry basis (d.b.). 
Subsequently, ripe and undamaged products retrieved from 
the refrigerator were allowed to attain room temperature, 
after which their skins were peeled and sliced using a spe-
cialized slicer. The average slice thickness and diameter 
of the products prepared for the experiments were meas-
ured with the caliper as 2.31 ± 0.13 and 53.21 ± 7.47 mm, 
respectively.

Experimental setup

Figure 1 shows the EHD-hot air combination oven used 
for drying peach samples. In the EHD system, six wires 
(0.04 mm diameter) were placed at 50 mm intervals [5]. 
The hot air arrival direction and the placement of the EHD 
wire system are positioned opposite each other. In this 
study, peach samples were dried by EHD (EF: 6.67, and 
10 kV cm−1), hot air (50 and 55 °C), and EHD-hot air 
combination (EF6.67–50 °C, EF6.67–55 °C, EF10-50 °C, 
and EF10-55 °C) methods. The electric field parameter in 
the table was created by calculating the distance between 
the products and the high voltage Eq. (1). In Eq. (1), V rep-
resents the applied voltage, while d is the distance between 
the wire and the product.

All experimental treatments were carried out within con-
trolled laboratory settings, with an air velocity of 1.5 (m 
s−1), while maintaining a consistent temperature of 26 °C 
and a relative humidity level of 24%. For each experiment, 
a stainless steel plate holding 130 ± 0.1 g of fresh peach 
samples was positioned within the oven. Moisture loss was 
monitored by measuring at 10-min intervals using a precise 
balance situated at the base of the oven until the equilibrium 
moisture content, accurate to 0.1 d.b., was attained. These 
experiments were conducted in triplicate.

Mathematical modeling of drying data

In the modeling studies, the moisture content values of 
peach samples with an average thickness of 2.31 ± 0.13 mm 
and diameter of 53.21 ± 7.47 mm, round and dry basis of 
6.58 were converted into moisture ratio values. Figure 2 
shows the flowchart of the modeling. The experimental data 
obtained by drying the peach samples subjected to EHD, hot 
air, and EHD-hot air combination were modeled using the 
thin layer drying model in Table 1, which is most widely 
used in the literature. The dimensionless moisture ratio val-
ues were computed employing Eq. (2) [18].

Within the formula mentioned above, the variables Mt, 
M0, and Me denote the moisture content at a given time t (g 
water g dry matter−1), the initial moisture content (g water 
g dry matter−1), and the moisture content at equilibrium (g 
water g dry matter−1), respectively. Since the Me value is 
smaller than the Mt and M0 values in some studies, the Me 
value in Eq. (2) is neglected, and Eq. (3) is used [29]:

Color measurement

The surface color analysis of both fresh and dehydrated 
peach slices was conducted using a colorimeter (MSEZ-
4500 L, HunterLab, USA). Prior to acquiring color values 
for the products, the instrument underwent a calibration pro-
cess using standard black and white plates. Color measure-
ments were executed based on the L*, a*, and b* coordinate 
system, following the principles of the CIELab color system. 
In this system, L* signifies the luminance or lightness of a 

(1)EF =
V(kV)

d(cm)

(2)MR =
Mt −Me

Mo −Me

(3)MR =
Mt

Mo

Fig. 1   EHD-hot air combination oven



7554	 A. Polat 

color (ranging from 0 for black to 100 for white), while a* 
and b* represent color parameters indicative of the transi-
tion from green (+) to red (−) and from yellow (+) to blue 
(−), respectively [30]. However, it is essential to acknowl-
edge that relying solely on L*, a*, and b* values may not 
comprehensively capture the perceptual aspects of color for 
consumers. Consequently, these parameters were utilized in 
the computation of Chroma (C) and hue angle (α°) values, 
as well as total color differences (ΔE) values, which are per-
tinent to consumers' color perception Using Eqs. (2), (3) and 
(4), Chroma (C), hue angle (α°) and total color differences 
(ΔE) values were found respectively [31].

(4)C =
√

(a2 + b2)

In this context, the variables L*, a*, and b* represent the 
color attributes of the dehydrated peach samples, while L0*, 
a0*, and b0* denote the corresponding color attributes of the 
fresh peach samples.

Calculation of rehydration capacity

In the investigations aimed at assessing rehydration 
capacity, the dehydrated peach slices were placed into a 
beaker filled with purified distilled water, maintaining a 

(5)� = tan−1
(

b

a

)

(6)ΔE =

√

(L∗
0
− L∗)2 + (a∗

0
− a∗)2 + (b∗

0
− b∗)2

Fig. 2   The flowchart of the 
modeling

Fresh-Sample¶ Dried-Sample¶

Experimental values

Software program
(MATLAB)

Statistical analysis
(R2,RMSE and X2)

Thin-Layer models

The model that best
explains the values obtained

by experimental methods

Table 1   Thin layer 
mathematical modeling 
equations to be used for the 
comparison of the moisture 
ratio values

No Model name Model References

1 Henderson and Pabis MR = a exp(−kt) [19]
2 Newton MR = exp(−kt) [20]
3 Page MR = exp(−ktn) [21]
4 Logarithmic MR = a exp(−kt) + c [22]
5 Two term MR = a exp(−k0t) + b exp(−k1t) [23]
6 Two term exponential MR = a exp(−kt) + (1 − a) exp(−kat) [24]
7 Wang and Singh MR = 1 + at + bt2 [25]
8 Diffusion Approach MR = a exp(−kt) + (1 − a) exp(−kbt) [26]
9 Verma et al MR = a exp(−kt) + (1 − a) exp(−gt) [27]
10 Midilli et al MR = a exp(−ktn) + bt [28]
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solid–liquid ratio of 1:50, at room temperature for 14 h 
[32]. Following this period, the rehydrated products were 
extracted from the beaker, any surplus water was elimi-
nated using filter paper, and their mass was measured on 
a precision scale. It was performed in 3 replications for 
each treatment. Rehydration capacity values were calcu-
lated with Eq. (7) [33]. In the equation, W2 is represented 
as the rehydrated product, while W1 is defined as the dried 
product.

Microstructure analysis

For microstructure analysis, the surface sections taken from 
the same regions of the dried samples were used [34]. After 
securing the samples onto the sample holder through double-
sided tape, a coating procedure is administered, employing a 
gold–palladium mixture (40/60) in a low-pressure environ-
ment. This coating process readies the samples for imaging 
using Scanning Electron Microscopy (SEM, Carl Zeiss EVO 
40 Germany) equipment. Representative microstructural 
images were acquired at an acceleration voltage of 20 kV.

Data analysis

JMP (Version 7.0, USA) package program was used to ana-
lyze the data obtained from the experiments other than mod-
eling. Regression analysis was conducted utilizing the MAT-
LAB software from MathWorks Inc. in the modeling studies. 
In addition to the primary criterion, which is the correlation 
coefficient (R2), the selection of the most suitable equation, 
considering the variations in the drying curves of the dehy-
drated samples, also incorporated statistical parameters such 
as chi-square (χ2) and root mean square error (RMSE). The 
parameters mentioned above were ascertained utilizing Eqs. 
(8) and (9) [35]:

In the formula, MRpre,i, MRexp,i, N, and z are defined as the 
predicted moisture ratio for test number i, the experimental 
moisture ratio for test number i, the number of experimental 
data observed, and the number of the independent variable 
in the model, respectively.

(7)Rehydration capacity =
W2 −W1

W1

(8)�2 =

∑N

=1
(MRexp,i −MRpre,i)

2

N − z

(9)RMSE =

�

∑n

İ=1
(MRpre,i −MRexp,i)

2

N

Results and discussion

Drying durations

The moisture content-time curves for the drying of peach 
samples using three distinct drying methods (EHD, hot 
air, and EHD-hot air) are presented in Fig. 3. The most 
extended drying period was documented in the application 
of EF6.67, with a duration of 720 min, while the briefest 
drying duration was noted in the EF10-55 °C application, 
with a duration of 120 min. In the EHD method, increasing 
the electric field from 6.67 to 10 kV cm−1 reduced the dry-
ing time by 16.67%. The trend of decreasing drying time 
with higher voltage values aligns with findings reported 
by Cao et al. [36]. Comparatively, drying times were found 
to be longer in the EHD method compared to the hot air 
method. This outcome aligns with findings reported in the 
study by Bai et al. [37], wherein the EHD method dem-
onstrated prolonged drying durations compared to hot air 
drying, as observed in a sludge drying study. Specifically, 
in the hot air method, drying times were recorded at 290 
and 260 min for the 50 and 55 °C drying applications, 
respectively. This variation is attributed to the increased 
moisture evaporation at higher temperatures, leading to 
shorter drying times, a phenomenon supported by Ayadi 
et al. [38]. The EHD-hot air combination method emerged 
as the most productive approach for the desiccation of 
peach samples, with drying times ranging from 200 min 
(EF6.67–50 °C) to 120 min (EF10-55 °C), as shown in 
Fig. 3. As discernible from the figure, the augmentation 
of both temperature and electric field strength resulted in 
reduced drying durations.

Mathematical modeling

The drying data collected during the desiccation of peach 
slices utilizing the EHD, hot air and EHD-hot air methods 
were subjected to fitting against ten distinct thin-layer dry-
ing models, as detailed in Table 1. Non-linear regression 
analysis was employed to estimate the model parameters. 
The selection of the most appropriate model for character-
izing the drying kinetics of peach slices was predicated 
on criteria involving the highest coefficients of determi-
nation (R2) and the lowest values of both χ2 and RMSE. 
The statistical outcomes derived from these models are 
delineated in Table 2 (the hot air and EHD) and Table 3 
(the EHD-hot air combination). Upon examining Table 2, 
it becomes evident that the Midilli et al. model yields the 
highest R2 values (ranging from 0.9999 to 0.9996), as well 
as the lowest RMSE values (0.0028 and 0.0053) and χ2 
values (0.0789 × 10–4 and 0.2834 × 10–4) for peach slices 
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that underwent the EHD and hot air drying methodologies. 
Table 3 furnishes the statistical outcomes derived from 
the evaluated models applied to peach samples subjected 
to the EHD-hot air combination drying process. Notably, 
the Logarithmic model is the most appropriate for samples 
dried with the EF6.67–50 °C application, exhibiting an R2 
value of 0.9997, RMSE of 0.0053, and χ2 of 0.2794 × 10–4. 
In other EHD-hot air combination applications, the Midilli 
et al. model consistently offers higher R2 values across all 
drying processes and lower RMSE and χ2 values. Figure 4 
illustrates the suitability of the Midilli et al. and Logarith-
mic models for predicting moisture ratios at specific dry-
ing times for peach slices dried via the EHD, hot air, and 
EHD-hot air combination methods. The close alignment 
between the experimental data and the curves generated 
by the selected models reinforces their appropriateness 
for describing the drying characteristics of peach slices 
under the specified experimental conditions. In line with 
our study, Doymaz [39], Briki et al. [40], and Karaaslan 
et al. [3] have also found the Midilli et al. model was iden-
tified as the most fitting model for the drying conditions 
employed in their studies. Similarly, Kingsly et al. [41] 
found that the Logarithmic model outperformed other 
models in elucidating the drying kinetics of peach sam-
ples, findings consistent with our research.

Color values

Color plays a pivotal role in consumers' product selection 
and is thus deemed a critical parameter in this context. The 
preservation of color parameters, particularly following 
the drying process, is a notable concern. During the dry-
ing process, the susceptibility of heat-sensitive bioactive 
components to temperature variations leads to undesirable 
consequences, including discoloration and browning of the 
product [42]. In order to explore this issue, an examina-
tion of the color parameters of both fresh and dehydrated 
peach samples was conducted, employing various drying 
methodologies, namely, electrohydrodynamic (EHD) dry-
ing, hot air drying, and EHD-hot air combination drying, as 
presented in Table 4. The fresh peach products' initial L*, 
a*, and b* values were 65.022 ± 0.593, 10.090 ± 0.113, and 
48.154 ± 0.487, respectively. Notably, the L* values exhib-
ited a decrease of 2.81% (at EF6.67) and 15.27% (at 55 °C) 
due to the drying conditions. This empirical evidence indi-
cates that the dried peach samples possess a darker hue than 
their fresh counterparts, in line with findings reported by 
Lima-Corrêa et al. [30]. Additionally, it was noted that the 
L* values of products undergoing the EHD drying method 
surpassed those dried utilizing hot air drying, a trend fol-
lowing the findings reported by Alemrajabi et al. [10] in 
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their investigation of carrot drying. However, in contrast to 
our study, Elmizadeh et al. [12] found that the L* values 
of the products dried with hot air were higher than those 
dried with EHD in their quince drying study. It is specu-
lated that the needle-type electrode they used here may have 

caused this result. Consistent with the observations above, 
the a* values of the dried products surpassed those of the 
fresh samples, signifying a redder coloration in the dried 
products. It is pertinent to note that the a* values displayed 
a positive correlation with both the levels of electric field 
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Fig. 4   A comparison of the experimental and theoretical moisture ratios predicted by the Midilli et al. and Logarithmic models under selected 
drying conditions

Table 4   The color values of fresh and dried peach slices using various drying methods

a −gMeans superscript with different alphabets in the same column differ significantly (p ≤ 0.05)

Drying conditions Color parameters

L* a* b* C α° ∆E

Fresh 65.022 (0.593)a 10.090 (0.113)g 48.154 (0.487)d 49.199 (0.487)f 78.205 (0.128)a –
EHD
EF6.67 kV cm−1 63.186 (1.392)b 12.834 (0.609)f 51.976 (0.500)a 53.541 (0.360)bc 76.165 (0.752)b 18.268 (0.187)a

EF10 kV cm−1 60.154 (0.426)cd 15.626 (0.638)c 48.304 (1.102)d 50.775 (0.897)e 72.098 (1.013)e 20.609 (0.365)c

Hot air
50 °C 56.266 (0.066)f 15.382 (0.019)c 50.144 (0.307)c 52.450 (0.294)cd 72.983 (0.095)d 22.538 (0.120)d

55 °C 55.092 (0.319)g 18.470 (0.106)b 51.422 (0.159)ab 54.638 (0.185)ab 70.278 (0.050)f 26.006 (0.034)f

EHD-Hot air
EF6.67–50 °C 60.806 (0.146)c 14.520 (0.048)d 49.698 (0.784)c 51.776 (0.747)de 73.748 (0.267)c 19.675 (0.239)b

EF6.67–55 °C 59.882 (0.974)d 14.206 (0.133)de 49.562 (0.414)c 51.558 (2.035)de 74.042 (1.145)c 19.726 (0.636)b

EF10-50 °C 59.340 (0.930)d 13.996 (0.521)e 50.240 (2.236)bc 52.162 (0.370)d 74.436 (0.300)c 20.056 (0.392)b

EF10-55 °C 58.268 (0.416)e 19.374 (0.242)a 51.910 (0.816)a 55.408 (0.800)a 69.566 (0.300)f 25.536 (0.462)e



7560	 A. Polat 

strength employed in the EHD method and the tempera-
ture parameters set in the hot air drying method, a trend 
corroborated by the studies conducted by İsmail et al. [43] 
on nectarine drying using hot air and Dinani et al. [44] on 
mushroom drying employing the EHD method. In contrast, 
the b* values exhibited an inverse relationship with tem-
perature settings in the hot air method and the electric field 
in the EHD method. The b* values of the samples showed a 
decrease with the escalation of the electric field strength in 
the EHD method and a reduction in temperature within the 
hot air drying process (p < 0.05). Chroma (C) values, rep-
resenting color saturation, were lowest in the fresh samples 
but increased due to temperature and electric field settings. 
The hue angle (α°), indicative of the degree of browning, 
tended to increase with decreased greenness and heightened 
yellowness [45]. However, this study revealed that elevating 
the electric field in the EHD method and temperature in the 
hot air method contributed to a decrease in the hue angle 
(α°). Moreover, the comprehensive color difference (ΔE), 
a parameter discernible to the human eye and utilized as an 
indicator of quality in dehydrated products, was scrutinized. 
Products featuring lower ΔE values were considered more 
acceptable. Significantly, the products subjected to an elec-
tric field strength of 6.67 kV cm−1 exhibited the lowest ΔE 
value, while the highest values were recorded in products 
subjected to 55 °C. The ΔE values increased with elevated 
electric field values in the EHD and EHD-hot air combined 
methods. This trend mirrors the findings of Martynenko and 
Zheng [46], who asserted that higher voltage levels result in 
more significant color deterioration, as noted in the apple 
drying examination. Similarly, an increment in temperature 
in the hot air method led to an augmentation in ΔE values, a 
result congruent with Demirel and İsmail's [47] observations 
in their study on nectarine drying.

Rehydration capacity

The rehydration process, a crucial determinant of drying 
quality, involves the reconstitution dried products through 
contact with water. The rehydration ratio indicates the cel-
lular and structural alterations that transpire during the dry-
ing process [48]. The extent of rehydration ratio enhance-
ment is contingent upon the preservation of a smooth and 
intact cellular structure. The rehydration capacity values 
for peach samples subjected to various drying methods are 
graphically depicted in Fig. 5. Notably, no statistically sig-
nificant disparities were discerned in the rehydration capac-
ity values between samples subjected to the EHD method 
and those desiccated using the EHD-hot air combination 
technique. On the contrary, it was determined that eleva-
tions in temperature within the context of the hot air drying 
method increased rehydration capacity values. However, 
this trend did not reach statistical significance (p > 0.05). 

This phenomenon is consistent with the findings reported by 
Doymaz and Bilici [49], who, in their study on peach drying 
employing hot air at temperatures of 45, 55, 65, and 75 °C, 
observed an increment in rehydration values for products 
dried within the range of 45–65 °C. Moreover, the research 
conducted by Dinani and Havet [50] ascertained that varia-
tions in applied voltage did not yield statistically significant 
differences in rehydration rate values for mushroom samples 
that were subjected to desiccation under uniform conditions, 
maintaining a constant temperature of 45 °C and a consistent 
air velocity. These findings are congruent with our study's 
outcomes, reinforcing the consistency and validity of the 
observed trends. In their research, Bai and Sun [51] found 
that EHD-dried shrimps also showed better rehydration than 
oven-treated samples and reported that the high tempera-
ture applied during the oven-drying process was effective in 
these findings. In our study, 55 °C hot air drying was higher 
than the rehydration values of the products dried at 50 °C 
and EHD. It is predicted that different findings here may be 
caused by cracks on the product surface.

Microstructure

The scanning electron microscopy (SEM) images presented 
in Fig. 6 illustrate the alterations in the surface structure of 
peach samples subjected to eight distinct drying processes, 
namely, EF6.67, EF10, EF6.67–50 °C, EF6.67–55 °C, EF10-
50 °C, EF10-55 °C, 50 °C, and 55 °C. Upon close exami-
nation of the micrographs, it becomes evident that peach 
samples subjected to the hot air drying method exhibited a 
greater prevalence of surface cracking than those subjected 
to the EHD drying method. This phenomenon underscores 
the transformative impact of hot air application on the sur-
face structure of the product [52]. Within the context of the 
EHD method, it was observed that an elevation in the elec-
tric field resulted in a flatter surface with the emergence of 
small-scale cracks. This observation aligns seamlessly with 
the outcomes of a study by Yu et al. [53], which found that 
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increased EHD voltage values led to a heightened occur-
rence of perforations on the surface of potatoes. Remark-
ably, the three-dimensional structure of the product's surface 
remained intact in samples subjected to the combination 
drying method using EF6.67. However, surface cracking 
manifested in the samples subjected to the combination 
drying method employing EF10. Furthermore, a noteworthy 
distinction emerged when comparing the surfaces of prod-
ucts dried at EF6.67–50 °C and EF6.67–55 °C, wherein no 
significant disparity was evident. Conversely, the product 
structure dried at EF10-50 °C exhibited a greater incidence 
of cracks compared to the product structure dried at EF10-
55 °C. This observation resonates with the findings reported 
by Xie et al. [29], who postulated that cracks may facilitate 
moisture transfer during drying.

Conclusions

In this study, peach products were dried using three dif-
ferent drying techniques: EHD, hot air, and EHD-hot air 
drying. The effects of these drying techniques on various 
parameters such as drying time, mathematical modeling, 
color characteristics, rehydration capacity, and microstruc-
tural properties were investigated. Drying times were the 
most protracted when employing the EHD method for 
peach drying. When the EHD application was combined 
with the hot air method, the drying time of peach was 
reduced and it was less exposed to hot air. To ascertain 
the most appropriate thin-layer drying model for the 
experimental data, ten mathematical models were applied. 

Subsequently, these models were assessed using the chi-
square (χ2), root mean square of errors (RMSE), and coef-
ficient of determination (R2) as evaluation criteria. The 
results revealed that among the drying models examined, 
the models proposed by Midilli et al. showed the high-
est degree of appropriateness in characterizing the drying 
kinetics of thin-layer peach slices in all treatments except 
the EF6.67–50 °C treatment. In the context of color, the 
L* values exhibited a decreasing trend with the drying 
process. In contrast, an increase in electric field within 
the EHD method and drying temperature within the hot 
air method led to a rise in ΔE values, signifying increased 
color deviation. The variation of hot air and electric field 
had no significant effect on the rehydration capacity of 
peach samples dried by EHD-hot air and EHD methods. 
Notably, the most pronounced surface cracks on the prod-
uct were observed in peach samples subjected to drying 
conditions involving EF10-55 °C. This showed that a high 
electric field and high-temperature damage the product 
surface. This investigation has established that both EHD 
and EHD-hot air drying methods have the potential to 
serve as viable alternatives to conventional drying tech-
niques for preserving the quality of agricultural products, 
thereby meeting consumer expectations. In the future, 
studies will be conducted in which different temperature 
and electric field settings are used to determine the opti-
mum drying conditions for peach product drying, energy 
calculations are made and the nutritional values of the 
product are examined. In addition, nanofluid technology 
will be utilized to increase the heat transfer capacity of the 
device and make it more efficient.

(a) (b) (c) (d)

(e) (f) (g) (h)

Fig. 6   SEM images of peach slices dried under different drying conditions: (a) EF6.67 kV cm−1, (b) EF10 kV cm−1, (c) 50 °C, (d) 55 °C, (e) 
EF6.67-50 °C, (f) EF6.67-55 °C, (g) EF10-50 °C, and (h) EF10-55 °C
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