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Abstract

The aim of this research is to analyze the drying behavior, antioxidant properties, total phenolic content (TPC), and color alterations of 

pomegranate seeds subjected to infrared drying at temperatures ranging from 55 °C to 75 °C. Analysis of the data revealed a declining-

rate drying phase without evidence of a constant-rate phase. The drying rate and duration were found to be directly proportional 

to the infrared temperature applied; higher temperatures led to faster drying and reduced drying times. The drying process of 

pomegranate seeds in thin layers was investigated using twelve mathematical models. Among these models, the one presented by 

Aghbashlo et al. was determined to provide the most precise representation of the drying kinetics. The effective moisture diffusivity 

values varied between 8.76 × 10−10 and 1.96 × 10−9 m2/s, depending on the temperature range under consideration. Additionally, 

the activation energy was computed to be 59.37 kJ/mol. The range of TPC values in dry samples fluctuated from 6.19 to 8.20 mg 

gallic acid equivalent (GAE)/g of dry matter. The 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2′-azino-bis-(3-ethylbenzothiazoline-6-sulfonic 

acid) (ABTS) and copper-reducing antioxidant capacity (CUPRAC) values varied between 5.57–6.13, 24.18–28.18, 10.33–17.59 TE/g dry 

matter, respectively. The range of ΔE values for the total color change fell between 3.96 and 9.19. Bioactive compound degradation in 

samples dried at high drying temperature (75 °C) is higher than in samples dried at 55 and 65 °C. When all the results were evaluated, 

it was determined that 55 °C was suitable for infrared drying of pomegranate seeds.
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1 Introduction
Pomegranate, scientifically known as Punica granatum L., 
is a poly-seeded fruit classified within the Punicaceae 
family, as noted by Süfer and Palazoğlu [1]. The culti-
vation of pomegranate fruit is mostly done in Asia, the 
Mediterranean, the Middle East and North Africa [2]. 
China, Iran and India are the countries with the highest 
pomegranate production capacity in the world. It is esti-
mated that the annual total production capacity of these 
countries is 3 million tons. In addition, according to the 
data, the annual pomegranate production capacity of the 
world is 3.8 million tons [3, 4]. Although the pomegran-
ate fruit consists of different parts, the edible part is the 
grain part. The granular part is rich in vitamins, minerals, 
organic acids, antioxidants and phenolic compounds  [5]. 
In today's world, the importance of healthy nutrition for 

human health is understood more and more every day. 
Pomegranate fruit attracts great attention among con-
sumers due to its high polyphenol content. Due to its high 
nutrient content, it is recommended to be used in human 
diets [6]. For this reason, the quality of the pomegranate 
fruit should be kept at the highest level until it reaches the 
consumers. However, even if the pomegranate is stored in 
the best possible conditions, its shelf life is at most 2 weeks. 
The high water content of the pomegranate causes some 
spoilage reactions and the fruit to become unusable  [7]. 
With the drying process, the amount of water in the prod-
uct is reduced and thus the rate of enzymatic and biochem-
ical reactions that can take place is reduced [8].

The drying process has been a method used for preserv-
ing foods since ancient times. Today, it is still a  widely 
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used industrial preservation method due to its easy appli-
cation and it is relatively cheaper method compared to 
other methods [9, 10]. With removal of water from envi-
ronment, rate of microbiological and enzymatic reactions 
that deteriorate the quality of food is reduced. In this way, 
the shelf life of foods is also extended [11, 12]. In addi-
tion, the volume of the product is also reduced with drying 
process. As a result of these, transportation and storage 
costs are also reduced [13]. There are many different dry-
ing methods used industrially [14]. The most commonly 
used method in the industry for drying foods is the hot 
air drying method. However, due to the long drying times 
in this method, energy costs are also quite high [15]. This 
situation leads to the search for innovative methods that 
allow higher quality product production [16].

Infrared method is an innovative technique that 
increases its use today because it has many advantages. 
Some of these advantages can be summarized as shorter 
drying time [17], less energy consumption and higher 
quality final product compared to other methods [18, 19]. 
In the infrared drying method, infrared energy is absorbed 
by the surface of the product. The absorbed energy causes 
the water molecules in the food to vibrate and thus heat 
up. The drying process is completed with the removal of 
the heated water molecules from the food [20]. In addition, 
it is known that infrared drying method has many advan-
tages such as easier equipment installation and use, easier 
adaptation, uniform heat distribution compared to micro-
wave and vacuum drying methods [21].

There are some studies on the drying of pomegranate 
seeds. Süfer and Palazoğlu [1], used hot air drying method, 
Briki et al. [7] used hot air and infrared drying methods, 
Kaveh et al. [13] dried pomegranate arils with convec-
tive and microwave drying, Allahdad et al. [2] used the 
osmotic drying method by applying ultrasound pre-treat-
ment, Adetoro et al. [22] used hot air drying method by 
immersion pomegranate arils in hot water and El Broudi 
et al. [23] used hot air drying method and investigated the 
biochemical structure of pomegranate arils.

However, studies on infrared drying of pomegranate 
seeds are extremely scarce in the literature. The main objec-
tives of the study were to investigate the influence of dry-
ing temperature on pomegranate seeds in an infrared dryer, 
to determine drying characteristics, to calculate effective 
diffusion coefficients ( Deff ), activation energy  ( Ea ), total 
phenolic content (TPC), antioxidant activity (AA) and 
color properties of dried pomegranate seeds.

2 Materials and methods
2.1 Materials
Pomegranates purchased from a supermarket in Maltepe, 
Istanbul, were kept refrigerated at 4 °C until the start of 
the experiments. The initial moisture content ( MC ) of 
the pomegranate seeds was determined using the AOAC 
method [24], which showed a MC of 78.74% on a wet basis.

The IR desiccator (IR 35 DENVER INSTRUMENTS, 
Denver, Colorado, USA) used in this study. It contains 
a moisture analyzer consisting of a heating unit, weighing 
system and control unit. The device was warmed up for 
about 10 min in order to maximize treatment consistency. 
Samples were then dried at 50, 60 and 70 °C. Weight loss 
was measured at 10 min intervals. Drying was stopped 
when the MC became stable (at 9 ± 0.2%). The dried pome-
granate arils were cooled inside the desiccator then packed 
in polyethylene bags.

2.1.1 Drying process
Pomegranate seeds were dried by infrared drying method 
by utilizing a MA 50.R model infrared moisture ana-
lyzer (Radwag Balances and Scales, Radom, Poland). 
The moisture analyzer comprises a moisture analyzer con-
sisting of a control panel, a heating unit including a 250 W 
infrared lamp, a weighing system and pot, and a control 
unit. The  unit was heated for approximately 15 min to 
maximise process consistency. Pomegranate seeds were 
weighed approximately 50 g and placed in the pot and then 
dried 55, 65 and 75 °C. The drying process persisted until 
the moisture level of the pomegranate seeds diminished 
to 15% (on a wet basis). The samples were recorded by 
weighing them at 10-min intervals with a control panel. 
For each temperature, the experiments were carried out in 
three replicates (  p < 0.05).

2.2 Mathematical modelling
Using the experimental data, mathematical modeling of 
the drying process was made. For this, twelve well-known 
drying models in Table 1 [25–36] were used. MC and mois-
ture ratio ( MR ) of pomegranate seeds were calculated by 
the Eqs. (1) and (2) [37].
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Wi represents the mass of the sample in kg, while Wd 
denotes the dry matter content of the sample, also mea-
sured in kg. M0, Me, and Mt stand for the initial, equilib-
rium, and MCs at time t, respectively, with MC expressed 
as kg water/kg dry matter. The variable t signifies the dry-
ing time, measured in min. Equation (2) is usually simpli-
fied and used as [38]:

MR M
M

t=
0

. 	 (3)

The values of drying rate (DR) were computed by using 
Eq. (4):

DR M M
t

t t t�
� ��

�
. 	 (4)

2.3 Data analysis
The suitability of the experimental data to the models was 
investigated by statistical analysis. The R2 values were 
determined with the Statistica (StatSoft, Inc., Tulsa, OK) 
computer program. The relative percent error (P), reduced 
chi-square (  χ2), and root mean square error (RMSE) were 
determined by using Eqs. (5), (6), and (7), respectively. 
To identify the optimal drying model, the one exhibiting 
the lowest P, χ2, and RMSE along with the highest R2 val-
ues, was chosen:
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where N is number of trials and z is number of constants. 
MRpre and MRexp are predicted and experimental moisture 
ratio values, respectively.

2.4 Determining the effective moisture diffusivity and 
Ea through computation
Frequently employed for determining the Deff of agricul-
tural items, the diffusion equation stemming from Fick's 
second law finds widespread application.

The diffusion equation of Fick's second law is utilized 
to calculate the Deff of agricultural products.
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Deff represents the effective diffusion coefficient in 
square meters per sec, where n denotes positive integers, 
t signifies time in sec, and L stands for half the thickness 
of the slab in meters. Since drying is a long-continued pro-
cess, the other terms of the series can be neglected and 
only the first term is used in the calculations. Eq. (9) is 
obtained by substituting the first term (n = 0) in Eq. (8).
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The Deff is calculated by using the slope of line of the 
ln ( MR ) versus time (t ) graph.
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The Arrhenius-type equation is frequently used to 
explain how changes in temperature affect the behavior 
of Deff  .
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In Eq. (11), D0 stands for the pre-exponential factor 
measured in m2/s, Ea represents the activation energy in 
kJ/mol, R denotes the gas constant in kJ/(mol × K), and T 
signifies the temperature measured in °C.

2.5 Extraction procedure
For the extraction of fresh and dried pomegranate 
seeds, methanol-water mixture (50:50, v/v) were used in 
a 1:10  (solid:liquid) ratio. Using an ultraturrax, the mix-
ture of the samples, methanol and water was homogenized 

Table 1 Mathematical models applied to the drying curves

Model number and name Model1 References

Lewis MR = exp(−kt) [25]

Henderson and Pabis MR = a  exp(−kt) [26]

Logarithmic MR = a  exp(−kt) + c [27]

Page MR = exp(−kt N ) [28]

Midilli and Kucuk MR = a  exp(−kt N ) + bt [29]

Wang and Singh MR = 1 + at + bt 2 [30]

Alibaş MR = a  exp[(−kt N ) + bt] + c [31]

Aghbashlo et al. [32]

Logistic [33]

Jena and Das MR = a  exp (−kt + bt 0.5 ) + c [34]

Vega-Gálvez et al. MR = (a + kt )2 [35]

Vega-Gálvez et al. MR = exp(n + kt ) [36]
1 Drying constants and coefficients, denoted as a, b, c, k, k1, k2, and N, 
represent essential parameters in the process of drying.
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(Daihan, HG-15D). Homogenization was done at 
10000 rpm. The mixtures were shaken for 2 h. Following 
a 10-min centrifugation at 6000 rpm, the samples were fil-
tered using a 0.45 µm syringe filter [39].

2.6 Total phenolic content
The modified method by Singleton and Rossi [40] was 
employed to define the TPC. In a tube, the following ingre-
dients were mixed: 0.5 mL of diluted pomegranate seed 
extracts in methanol, 7.5 g/100 g Na2CO3, and 2.5 mL of the 
tenfold diluted Folin Ciocalteu's phenol reagent. The com-
bination was then left in a dark area for 30 min. Absorbance 
at 760 nm was measured using a UV-Vis spectrophotometer 
(UV-1800, Shimadzu, Japan). The TPC was quantified and 
presented as mg of gallic acid equivalent/g dry matter (mg 
GAE/g dry matter).

2.7 Antioxidant activity
Three different methods were utilized to measure the AA 
of pomegranate seeds extracts. For the 1,1-diphenyl-2-pic-
rylhydrazyl (DPPH) method, 4.9 mL of 0.1 mmol/L DPPH 
that had been dissolved in methanol were added to 0.1 mL 
of extract. After incubating in the dark for 30  min, the 
absorbance at 517 nm was measured [41]. For the 2,2'-azi-
no-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) 
method, 100 µL sample was added to the tube contain-
ing 2 mL of ABTS working standard solution. To prepare 
this solution, 7 mM ABTS and 2.45 mM potassium per-
sulfate were mixed and kept in the dark at room tempera-
ture for 12–16 h to allow the ABTS + radicals to form. 
After 10  min of incubation at 30 °C, spectrophotometry 
was used to measure the absorbance at 734 nm [42]. For 
copper-reducing antioxidant capacity (CUPRAC) method, 
1 mL of distilled water, 1 mL of neocuproine (7.5 mmol/L), 
1 mL of CuCl2 (10 mmol/L), and 1 mL of ammonium ace-
tate (1 mol/L) were added to the reaction mixture to com-
plete up to 4.1 mL. After 60 min in dark incubation, spec-
trophotometry was used to measure the absorbance at 
450 nm [43]. AA was expressed in terms of Trolox equiva-
lents (TE)/g dry matter, denoted as mg GAE/g dry matter).

2.8 Color parameters
To ascertain color characteristics of both fresh and dried 
fruits, a colorimeter (CR-400 Konica, Minolta, Tokyo, 
Japan) was utilized. The colorimeter was calibrated using 
a standard illuminant D65, representing daylight con-
ditions. Each color parameter was measured thrice and 
expressed as L*, a*, and b*. L* denotes the degree of black-
ness to whiteness, with values ranging from 0 (black) to 

100 (white). Similarly, a* represents the spectrum from 
green to red, with values spanning from −60 (green) to 
+60 (red). Lastly, b* signifies the range from blue to yel-
low, with values varying from −60 (blue) to +60 (yellow). 
Total color change (ΔE ) was computed by using L*, a*, and 
b* using the Eq. (12):

� � �E L a b� � � � � � � � �* * *
.

2 2 2 	 (12)

Chroma (C * ), which is compared to grey color with the 
same luminance to assess the degree of change in hue, 
is a quantitative indicator of colorfulness. The formula for 
calculating C * is as follows:

C a b* * *
.� �2 2 	 (13)

2.9 Statistical analysis
The analysis was performed utilizing JMP 9 software [44]. 
Employing a significance level of p < 0.05, the arithmetic 
means and standard deviations for each variable were cal-
culated employing both the independent Tukey test and 
one-way analysis of variance. Each measurement under-
went three repetitions.

3 Results and discussion
3.1 Drying curves
The MC data for pomegranate seeds were graphed against 
drying time (Fig. 1). Notably, elevating the air temperature 
led to a reduction in drying duration. For instance, reach-
ing the final MC required approximately 540, 240, and 
165  min between 55–75  °C, respectively. This indicates 

Fig. 1 The fluctuations in MC over time
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a notable 3.3-fold increase in the average drying rate when 
the temperature rose from 55 to 75 °C. The heightened tem-
perature prompts more significant heat generation within 
the material, thereby intensifying the vapor pressure gradi-
ent between its core and surface, consequently accelerating 
the drying process. Consistent with prior research, similar 
trends have been documented in pomegranate drying stud-
ies, underscoring the inverse relationship between drying 
time and temperature elevation [1, 45, 46].

3.2 Drying rate
Fig. 2 illustrates the variations in drying rate over time, 
revealing distinct distribution curves at different air tem-
peratures. Notably, as the drying temperature increased, 
so  did the drying rate, peaking at 75 °C. Analysis of the 
curves showed that drying predominantly occurred during 
the falling-rate period, without a discernible constant-rate 
phase. These findings align with previous research, includ-
ing studies on pomegranate seeds by Adetoro et al.  [22], 
Horuz and Maskan [46], and Alaei and Chayjan [47], which 
also observed a correlation between higher temperatures and 
accelerated drying rates, leading to reduced drying times.

3.3 Evaluation of drying models
MC values of pomegranate seeds were converted into MR 
values using Eq. (3) for mathematical modelling. The mois-
ture ratios obtained in the experimental study were com-
pared for compatibility with the drying models outlined 
through non-linear regression analysis (Table 1). Table 
2 presents the R2, P, χ2, and RMSE values resulting from 
this statistical analysis. It is evident from Table 2 that the 

Aghbashlo et al. [32] model exhibited the best fit for the 
drying processes at various air temperatures. The R2, P, 
χ2, and RMSE values obtained from non-linear regres-
sion analysis for drying processes at different air tempera-
tures ranged between 0.9994–0.9999, 0.006614–3.4038, 
0.000008–0.000060, and 0.006614–0.020502, respec-
tively. In addition, Fig. 3 holds a candle to the empirical 
data with data estimated using the Aghbashlo et al.  [32] 
model for different air temperatures. As can be seen in 
Fig. 3, the estimated data fall on the y = x line take part 

Fig. 2 Changes in the drying rate (DR) over time

Table 2 Results of the statistical analysis

T (°C) Model number R2 P χ 2 RMSE

55

1 0.9768 23.6415 0.001926 0.292710

2 0.9842 19.1416 0.001336 0.237968

3 0.9990 4.9030 0.000086 0.057626

4 0.9969 7.2729 0.000255 0.103174

5 0.9994 3.0682 0.000044 0.042318

6 0.9998 1.9244 0.000014 0.023953

7 0.9996 2.1872 0.000027 0.032887

8 0.9998 1.4351 0.000009 0.020157

9 0.9989 4.4071 0.000094 0.062386

10 0.9928 12.1872 0.000619 0.156920

11 0.9997 2.8790 0.000022 0.025505

12 0.9842 19.1412 0.001336 0.237968

65

1 0.9694 27.9294 0.002786 0.230676

2 0.9792 22.8802 0.001970 0.186579

3 0.9990 4.4465 0.000095 0.037561

4 0.9971 8.1214 0.000274 0.069409

5 0.9997 2.1493 0.000025 0.020089

6 0.9994 2.9672 0.000055 0.030366

7 0.9751 23.5119 0.002721 0.201094

8 0.9999 0.5407 0.000008 0.006614

9 0.9986 5.7685 0.000131 0.047105

10 0.9909 15.0668 0.000895 0.124823

11 0.9996 1.7029 0.000036 0.021712

12 0.9792 22.8800 0.001970 0.186579

75

1 0.9600 36.0175 0.004046 0.229372

2 0.9717 30.0595 0.003051 0.190267

3 0.9974 8.3684 0.000300 0.052992

4 0.9965 9.3052 0.000377 0.066830

5 0.9990 4.8130 0.000119 0.033297

6 0.9976 7.2960 0.000254 0.050677

7 09766 27.3933 0.003151 0.166414

8 0.9994 3.4038 0.000060 0.020502

9 0.9981 6.8938 0.000214 0.050979

10 0.9882 19.4105 0.001355 0.126572

11 0.9978 5.5661 0.000235 0.048677

12 0.9717 30.0601 0.003051 0.190267
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on the beeline. This proves that the Aghbashlo et al. [32] 
model is compatible with the experimental data. Similarly, 
Alaei and Chayjan [47] reported that the most compatible 
model with the drying kinetics of pomegranate arils was 
the Aghbashlo et al. [32] thin-layer drying model.

3.4 The Deff values
The values for Deff were determined using Eq. (10) for dif-
ferent temperatures. The Deff values for drying experi-
ments performed at different temperatures varied between 
8.76 × 10−10 and 1.96 × 10−9 m2/s, which is a typical range 
for drying of biological samples [48]. Increasing tempera-
ture was the main factor increasing the Deff values. The cal-
culated Deff values are shown in Fig. 4 for each tempera-
ture. Similar Deff values have been calculated by some 
authors as a result of drying pomegranate seeds with differ-
ent drying methods. For example, in a study conducted by 
Doymaz [45], it was declared that Deff values vary between 
0.93–3.42 × 10−10 m2/s. In  another study, Briki et  al. [7] 
found that Deff values were between 0.87–2.64 × 10−9 m2/s. 
Karaaslan et al. [49] reported in their study that Deff values 
varied between 1.43–6.03 × 10−9 m2/s.

3.5 The Ea value
Ea represents the energy needed to surpass the barrier 
for the drying process to initiate [50]. When ln ( Deff ) is 
plotted against 1/(T + 273.15), it yields a linear relation-
ship with a slope equivalent to (−Ea / R ), thus enabling 

a straightforward estimation of Ea (Fig. 5). Eq. (14) indi-
cates the effect of temperature on Deff of the samples:

D
T

Reff � �
�� �

�

�
�

�

�
� �� �17 691

71415

273 15
0 9817

2
. exp

.
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The Ea value of samples was 59.37 kJ/mol. Ea values 
for different food materials generally span from 12.7 to 
110 kJ/mol, as indicated by research conducted by Zogzas 
et al. [48]. The Ea determined in our research closely 
aligns with the 49.47 kJ/mol reported by Doymaz [45] for 
pomegranate arils. Briki et al. [7] also found a similar 
Ea of 45.92 kJ/mol when drying pomegranate arils using 
a convective dryer.

Fig. 3 Actual moisture ratios versus predicted values using the 
Aghbashlo et al. [32] model

Fig. 4 The Deff values at varied temperatures

Fig. 5 Arrhenius-type relationship for temperature dependence Deff of 
pomegranate seeds



Doymaz et al.
Period. Polytech. Chem. Eng., 69(1), pp. 113–122, 2025 |119

3.6 Effects of drying on TPC and AA
Table 3 illustrates the TPC and AA of both fresh and dried 
pomegranate seeds across varying temperatures. The TPC 
analysis revealed a value of 8.58 ± 0.19 mg GAE/g dry mat-
ter for fresh pomegranate seeds. This finding aligns with 
previous studies reporting TPC values of 7.57 mg GAE/g 
dry matter [51] and 9246.81 mg GAE/kg dry matter [49]. 
Upon drying, a significant decrease in TPC of fresh pome-
granate arils was observed (  p < 0.05), consistent with pre-
vious research indicating a decline in TPC with increasing 
temperatures [7, 52, 53]. It was reported that the breakdown 
of phenolic compounds was triggered by the comparatively 
high interior temperature caused by the infrared radia-
tion [15]. TPC value at 65 °C was significantly lower than 
the TPC value at 75 °C (  p < 0.05). This may be due to the 
breakdown of some bioactive components into other phe-
nolics at high temperature [1]. DPPH, ABTS and CUPRAC 
techniques were utilized to evaluate for AA. The results 
were 5.57–9.62 mg TE/g dry matter, 24.18–34.28 mg TE/g 
dry matter and 10.33–20.74 mg TE/g dry matter for DPPH, 
ABTS and CUPRAC, respectively. AA of the pomegran-
ate resulted from its phenolic, flavonoid and anthocyanin 
content and their collective free radical scavenging activ-
ity [54]. Consistent with the TPC results, AA of fresh sam-
ples decreased after drying. DPPH results showed that 
AA results at 65 °C and 75 °C were not significantly dif-
ferent, but ABTS and CUPRAC results showed that AA 
result at 75 °C was higher than at 65 °C. This may be due 
to the Maillard reaction allowing the generation of some 

antioxidant compounds [52]. These results indicated the 
necessity of using more than one AA method.

3.7 Color values
Color stands as one of the utmost critical attributes that pro-
foundly impacts the quality of the end product and shapes 
consumer preferences. Fruits and vegetables will lose mar-
ket value if their color changes more intensely after dry-
ing  [53]. The effects of drying methods on color parame-
ters of pomegranate seeds were presented in Table 4. L*, a* 
and b* values of fresh pomegranate arils were measured as 
29.17, 12.24 and −1.83, respectively. L* value of pomegran-
ate seeds decreases after drying for 65 and 75 °C (  p < 0.05). 
As the drying temperature increased, the decrease in L* value 
was higher. This indicates that browning increases with 
increasing drying temperature. Similarly to our experiment, 
Briki et al. [7] dried pomegranate arils with convective and 
infrared heating at 50, 60 and 70 °C, they reported that the 
value of L* decreased as the temperature increased. a* val-
ues of drying pomegranate seeds were found 15.21, 17.67, 
18.65 for 55, 65 and 75, respectively. It is possible that it 
resulted from the Maillard reaction, which causes red pig-
ments to degrade and/or transform into dark pigments [1]. 
It was reported that decreasing in L* value and increasing in 
a* value may result from fruit browning [54]. To show the 
color change of dried samples, ΔE value is a significant fac-
tor [55]. ΔE values were found 3.96, 7.43 and 9.19 for 55, 65 
and 75 °C, respectively. The increase in temperature resulted 
an increase in the total color change. It has been determined 

Table 3 TPC, DPPH, ABTS and CUPRAC outcomes of both fresh and dried pomegranate seeds

Bioactive properties Fresh pomegranate seeds
Dried pomegranate seeds

55 °C 65 °C 75 °C

TPC1 8.58 ± 0.19a 8.20 ± 0.12b 6.19 ± 0.08c 6.56 ± 0.08d

DPPH2 9.66 ± 0.25a 6.13 ± 0.12b 5.62 ± 0.18c 5.57 ± 0.05c

ABTS3 34.28 ± 0.00a 28.18 ± 0.15b 24.18 ± 0.92d 26.62 ± 0.34c

CUPRAC4 20.74 ± 0.58a 17.59 ± 0.12b 10.33 ± 0.36d 11.31 ± 0.41c

a–d Different lowercase letters on the same line indicate differences among samples subjected to different drying methods (  p < 0.05).
1 TPC expressed as mg GAE/g dry matter, 2 DPPH expressed as mg TE/g dry matter, 3 ABTS expressed as mg TE/g dry matter,
and 4 CUPRAC expressed as mg TE/g dry matter.

Table 4 Color outcomes of both fresh and dried pomegranate seeds

Color parameters Fresh pomegranate seeds
Dried pomegranate seeds

55 °C 65 °C 75 °C

L* 29.17 ± 0.71a 28.56 ± 0.45a 26.31 ± 0.96b 23.86 ± 0.67c

a* 12.24 ± 0.97c 15.21 ± 1.20b 17.67 ± 0.36a 18.65 ± 1.20a

b* −1.83 ± 0.21d −1.13 ± 0.23c 1.46 ± 0.06b 2.06 ± 0.12a

ΔE – 3.96c 7.43b 9.19a

C * 12.37d 15.92c 17.73b 18.76a

a–d Different lowercase letters on the same line indicate differences among samples subjected to different drying methods (  p < 0.05).
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in other studies that the ΔE value increases as the tempera-
ture increases in infrared drying [53, 56]. The high chroma 
value of the samples shows how intense the color is as seen 
by humans [57]. The  C * value of the fresh sample was 
determined to be significantly lower compared to the dried 
samples, with a statistical significance level of p  <  0.05. 
The cause of this is due to the rising in a* and b* values with 
the increase of pigment degradation due to non-enzymatic 
browning with increasing temperature. Similar results for 
the C * value was detected in another study [1].

4 Conclusions
In this study, pomegranate seeds were dried in an infra-
red dryer at different air temperatures. It was observed 

that the temperature value was the main parameter affect-
ing the drying process. It was clearly found that pome-
granate seeds dried at higher temperatures dried faster. 
The drying process was modelled mathematically and the 
Aghbashlo et al. [32] model was determined as the most 
appropriate model. The Deff values of pomegranate seeds 
ranged between 8.76 × 10−10 and 1.96 × 10−9 m2/s. The Ea 
was determined as 59.37 kJ/mol using the Arrhenius equa-
tion. It  was determined that pomegranate seeds dried at 
55 °C had higher TPC, AA and lower color change com-
pared to 65 °C and 75 °C. It has been reported that the 
color values of pomegranate seeds are directly affected by 
temperature. Therefore, this study recommends drying 
pomegranate seeds at 55 °C with an infrared dryer.
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