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Effect of different drying methods on the bioactive, microstructural, and in-vitro
bioaccessibility of bioactive compounds of the pomegranate arils

Irem OZAY-ARANCIOGLU" (2, Hatice BEKIROGLU? (9, Ayse KARADAG? (2, Oznur SAROGLU? (2,
Zeynep Hazal TEKIN-CAKMAK? (@, Salih KARASU*

Abstract

This study aimed to investigate the effect of different drying methods on the drying kinetic, total bioactive content, in-vitro
bioaccessibility of bioactive compounds, and color and microstructural properties of pomegranate arils. Drying methods
significantly affected all selected parameters of dried pomegranate arils (P<0.05). Freeze-drying (FD) showed higher bioactive
compounds, lower shrinkage, and better color quality than those of other samples. Ultrasound-assisted vacuum drying (UAVD)
showed lower drying times, lower shrinkage, and higher bioactive compounds than vacuum drying (VD) and hot air drying
(HAD). The ABTS, CUPRAC, and DPPH results were 34.53-63.71 umol TE/g, 29.70-61.60 umol TE/g and 64.82-93.69% DPPH
radical scavenging activity, respectively. Also, the highest values of antioxidant capacity for all methods were obtained from
the samples dried with FD followed by UAVD, VD, and HAD. The recovery of TPC in dried and fresh samples changed from
2.58% (fresh pomegranate) to 10.32% (vacuum-dried pomegranate). The recovery of TPC for freeze-dried samples (2.62%)
was closest to the fresh ones and VD showed the highest TPC recovery. This study suggested that UAVD and VD should be
used as alternative methods to HAD due to higher bioactive compounds retention, better color and surface quality, and higher

recovery of bioactive compounds.

Keywords: ultrasound-assisted vacuum drying; in-vitro bioaccessibility; pomegranate aril; vacuum drying.

Practical Application: In-vitro bioaccessibility of bioactive compounds of the pomegranate arils.

1 Introduction

Pomegranate (Punica granatum L.) is a tropical-subtropical
fruit that grows in many world regions such as the USA,
Anatolia, Mesopotamia, India, and Mediterranean countries
and is known almost all over the world. Besides being fresh
consuming, pomegranate is processed to many processes such
as fruit juice, jam, marmalade, and fruit bars (Karaaslan et al.,
2014). In recent years, pomegranate has been the center of
attention of consumers due to its bioactive compounds such
as anthocyanin, condensed tannins, and phenolic acids, which
have an antioxidant, antimicrobial and anticarcinogenic effect
(Calin-Sanchez et al., 2013; Fawole et al., 2012).

Due to its high moisture and sugar content, pomegranate can
easily be deteriorated by microorganisms and enzyme activities.
Therefore, it must be subjected to any preservation process to be
consumed throughout the year. Drying is one of the most widely
used methods in preserving fruits and vegetables because it has
an easy application, leads to easy transportation, and higher shelf
life to products (Bhandari & Adhikari, 2008). Today, industrial
methods are preferred to apply the drying process in a controlled
manner rather than traditional methods such as sun drying.
HAD is one of the most widely used drying methods due to its
easy application. However, in HAD drying, alternative drying
methods should be proposed due to the long drying time, the
negative effect of the microstructural properties of fruits and
vegetables, and the high degradation of bioactive components

(Kayacan et al., 2020; Turkmen et al., 2020; Wojdylo et al., 2016).
Due to its low-temperature processing, FD resulted in quality
products in sensory, microstructural, and bioactive properties in
different food products (Chen etal., 2020; Wojdyto et al., 2016).
However, despite these advantages of the FD process, the high
cost of the FD process restricts the use of FD (Huang et al., 2009)
in a wide range of foods. Therefore, there is a need to develop
alternative methods to HAD and FD that are easy to use, have
low operating costs, and provide quality products.

Vacuum drying is one of the most preferred methods to
overcome the disadvantages observed in HAD. During vacuum
drying, the decrease in the vapor pressure shortens the drying
time and provides the opportunity to work at low temperatures
(Bhandari & Adhikari, 2008; Parikh, 2015). Besides, the absence
of oxygen during vacuum drying reduces the degradation
of bioactive components such as phenolic compounds and
vitamins (Karaaslan et al., 2014; Karasu et al., 2015). Studies in
which vacuum drying is used in combination with ultrasound,
microwave, and infrared to increase vacuum drying efficiency
have become widespread. Due to the cavitation and spongy
effect during the ultrasound, the microstructural properties of
the products can be improved, and the drying rate increases.
Therefore, a trend towards ultrasound-assisted vacuum drying is
increasing in the literature (Chen et al., 2020; Islam et al., 2019;
Tekin & Baglar, 2018). Many studies on drying pomegranate
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arils with HAD (Baslar et al., 2014a; Ozcan et al., 2019; Siifer
& Palazoglu, 2019b), vacuum drying (Karaaslan et al., 2014),
and vacuum drying with the infrared (Alaei & Amiri Chayjan,
2015; Briki et al., 2019) and microwave (Siifer & Palazoglu,
2019a) were studied. However, there are limited studies on
drying pomegranate arils in combination with vacuum drying
and ultrasound.

The color, microstructural properties, sensory properties,
textural properties, and bioactive compounds content of the
products change significantly during drying. Several studies
were conducted on the effects of different drying types and
temperatures on pomegranate arils’ quality properties, such
as bioactive compounds, color, and rehydration capacity
(Cano-Lamadrid et al., 2017; Karaaslan et al., 2014; Siifer &
Palazoglu, 2019a). However, the in vitro accessibility properties
of the bioactive compounds are also important in addition to the
number of bioactive compounds during drying. There has been
no study on the in vitro bioaccessibility of bioactive compounds
of pomegranate arils of different drying methods. In this study,
the drying behavior of pomegranate arils of different drying
methods, color, total bioactive substance content, phenolic
profile, and changes in in-vitro bioaccessibility properties was
investigated. In this respect, our study adds many innovations
to the literature.

2 Materials and methods

Pomegranate (Punica granatum L.) was obtained from the
town of Silifke in Mersin, Turkey. Keben which is one of the most
popular pomegranate cultivars in Turkey was preferred in this
study. Chemicals used in the study were obtained from Merck
(Darmstadt, Germany). The arils were manually separated from
the peel of the pomegranate. The mean moisture content of arils
was determined as 77.6 + 1% on a dry basis by the oven dryer
at 105 °C for 5 hours.

2.1 Drying procedure

Pomegranate aril samples were dried by using HAD, VD,
UAVD, and FD methods. The drying process of aril samples was
performed at 55 °C by HAD, VD, and UAVD methods. For each
drying method, 60 g samples were weighed. HAD method was
conducted by using an air circulation oven (Memmert UF110,
Germany) with 1.3 m s™! constant air velocity. The UAVD
method consisted of an ultrasonic water bath (Daihan-WUC-
D10H, South Korea) (amplitude 100%, power intensity ~1 W
cm™ volume 10 L) and a vacuum pump (KNFN838.3KT.45.18,
Germany) with 15 mbar pressure and 22 L/min pump speed,
linked to a hose (Tekin & Baslar, 2018). The arils were dried
using VD methods with the same UAVD pump system without
ultrasonic application. FD method was carried out by a freeze-
dryer (Martin Christ, Beta 1-8 LSCplus, UK) at -55 °C for 57 hr.
The samples were frozen at -80 °C for 12 hours before the FD
process. For all drying methods except FD, the samples were
weighed every 15 min during the drying process with an analytical
scale (Shimadzu, TW-423, Kyoto, Japan). The drying process was
performed until water content decreased to 20 + 1% on a dry
basis. For FD, the final moisture content was 20 + 1% on a dry
basis. The dried samples were stored at +4 °C until extraction.

2.2 Extraction procedure

The fresh and dried aril samples (5 g) were extracted with
20 mL methanol-water (50:50). The mixture was homogenized
with a digital homogenizer (Daihan HG15A, Gangwondo, South
Korea) at about 10000 rpm for 3 min. Each mixture was waited
for extraction by shaking for 2 hr at room temperature (25 °C).
The mixture was filtered through filter paper, centrifuged at
6000 rpm (Hettich 320R, Tuttlingen, Germany) for 10 min, and
the supernatants were filtered again. Finally, coarse supernatants
were filtered through 0.45 pm filters. The extracts were stored
at -20 °C until analysis (Baslar et al., 2014a).

2.3 Determination of total bioactive compounds

Total phenolic content (TPC) was determined by Folin-
Ciocalteu method described by Singleton & Rossi (1965) and
results were expressed as mg/g. Total flavonoid content (TFC)
was determined using the modified method described by
Zhishen et al. (1999). TFC was calculated as catechin equivalent
(CE) on a dry basis. Total anthocyanin content (TAC) analysis
was performed by a pH differential method using two buffer
systems: potassium chloride buffer, pH 1.0 (0.025 M), and
sodium acetate buffer, pH 4.5 (0.4M) (Giusti & Wrolstad, 2001).

The antioxidant activity was measured by using 2.2-diphenyl-1-
picrylhydrazyl with the DPPH method reported by Singh et al.
(2002). The results were reported as mg Trolox equivalent (TE)
per g of the extract on a dry basis (Re et al., 1999). The cupric
reducing capacity assay (CUPRAC) method was carried out
according to Apak et al. (2004) procedure. The results were
reported as mg Trolox equivalent (TE) on a dry basis. The radical
scavenging activity of pomegranate arils against stable ABTS
radical was performed as the method described by Arnao et al.
(2001). The results were expressed in milligrams of the Trolox
Equivalent (TE).

2.4 In-vitro bioaccessibility of phenolic compounds

In-vitro digestion procedure was performed according to the
method Minekus et al. (2014) for fresh and dried pomegranate aril
samples. Samples were taken for each time point (oral, gastric, and
intestinal phase) and centrifuged at 5000 rpm at 4 °C for 20 min
to get supernatant. A blank sample was prepared with identical
chemicals but without a food matrix, and underwent the same
conditions as the samples. The supernatants were lyophilized and
stored at -20 °C until further analysis. In-vitro bioaccessibility
of phenolic compounds was carried out in triplicate.

2.5 Color measurements

The color values of fresh and dried aril samples were
measured using a colorimeter (Kyoto, Japan). The measurements
were expressed as tristimulus colorimetric measurements, that
is, L* (whiteness/ darkness), a* (redness/greenness), and b*
(yellowness/blueness). The aril colors were measured at three
random positions and the mean values of the obtained data
were defined as the color values. The total color change (AE) was
calculated according to the following Equation 1 as a dry basis:
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AE =AL? + Aa? + Ab> 6]

2.6 Microstructure analysis

Structural characterization of aril samples was performed
by Yildiz Technical University Central Laboratory with Zeiss
EVO° LS 10 Scanning Electron Microscope (SEM). For this
purpose, the dried pomegranate aril samples were coated with
gold plating to provide a reflective surface for the electron beam
and imaged under a 15 kV microscope.

2.7 Statistical analysis

Statistical analysis results were reported as the mean values
of the duplicates with their standard deviations. The results
were analyzed using the one-way analysis of variance (ANOVA)
using the JMP ver. 9 software (SAS Institute) and the means
were compared by Student’s t-test at a significance level of 0.05.

3 Results and discussion
3.1 Drying curve

Figure 1 shows the drying behavior of pomegranate arils
dried by different drying methods. In all drying methods,
while moisture loss was observed at the beginning, there was
a decrease in the moisture transfer rate towards the end of the
drying process. The decrease in moisture transfer rate at the
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Figure 1. Drying characteristic of pomegranate arils under different
drying methods (HAD: Hot air drying; UAVD: Ultrasound assisted
vacuum drying; VD: Vacuum drying).

end of the drying process can be explained by the fact that the
constant drying period is replaced by the diffusion drying period.

When the drying curves were examined, the diffusion
period was longer in HAD than VD and UAVD. Drying times
were determined as 950, 650, and 510 min for HAD, VD, and
UAVD, respectively. UAVD exhibited almost 2 times less drying
time than HAD. Such a decrease in drying times of fruits rich in
heat-sensitive bioactive components such as pomegranate arils
is very important. This reduction in drying time in UAVD can
be explained by the combination of vacuum application with
the ultrasound process. The compression expansion resulting
from the ultrasound process causes the sponge effect that causes
microcapillaries to form in the food matrix. The cavitation
resulting from the application of ultrasound has enabled the
water to diffuse more easily and quickly towards the surface
from these microcapillaries in the cell plant matrix. Thus,
the application of ultrasound may have caused a significant
increase in diffusion rate due to the spongy and cavitation effect
(Baslar et al., 2014b; Liu et al., 2019). These results show that
the combined application of ultrasound and vacuum can be
used as an alternative to the conventional method in terms of
reducing the drying time of pomegranate arils. The decrease in
drying time with the application of ultrasound has been reported
from other studies (Kayacan et al., 2020; Tekin & Baglar, 2018).

3.2 Total bioactive compounds

Table 1 showed the effects of different drying methods on the
total bioactive compounds. Table 1 showed that lower bioactive
compounds were observed from the dried samples compared
to fresh ones except for FD dried samples. TPC, TFC, and TA
values of the FD dried sample were higher than that of the
fresh samples. These results indicated that all drying methods
except FD caused degradation in bioactive compounds of dried
samples. Similar results were also reported from different studies
conducted on pomegranate arils drying (Baslar et al., 2014a;
Calin-Sanchez et al., 2013). Different drying methods significantly
affected the total amount of bioactive compounds (p<0.05).

TPC amounts of the samples were found as 6.13-8.22 mg/g.
The highest and lowest TPC amounts were obtained from samples
dried by FD and HAD, respectively. TPC values of samples
dried with UAVD and VD were significantly higher than HAD
(p<0.05). The higher retention of phenolic compounds in FD dried

Table 1. Change in bioactive properties of pomegranate during the drying process.

Temp. Drying Time TPC TFC

TAC (mg Cyanidin-

ABTS CUPRAC

Methods (°C) (min) (mg GAE/g) (mg CE/g)  3-glucoside/ 100 g)  (umol TE/g) (umol TE/g) DPPH (%)
Fresh aril 8.22 +0.01* 0.49 + 0.06* 92.87 +0.88° 56.11 +2.10° 59.87 + 0.05" 87.246 + 1.216°
HAD 55°C 950 6.13 + 0.20¢ 0.33+0.01¢ 41.48 £ 0.57¢ 34.53 £0.28¢ 29.70 £ 0.38¢ 64.821 + 4.531°¢
VD 55°C 650 6.39 +0.25¢ 0.39 + 0.03¢ 59.31 + 0.06¢ 41.71 + 2.05¢ 33.11 £ 0.95¢ 75.715 + 4.291¢
UAVD 55°C 510 6.88 + 0.27¢ 0.47 +0.01° 71.28 £ 0.62°¢ 37.75 + 1.944 49.45 + 1.84°¢ 84.510 + 0.640°
FD -50 °C 3420 7.88 +£0.01° 0.49 + 0.04* 101.75 + 0.58* 63.71+4.32° 61.61 £ 0.63* 93.695 + 0.640*

Drying methods; HAD: hot air drying; VD: vacuum drying; UAVD: ultrasound-assisted vacuum drying; FD: freeze drying; TPC: Total phenolic content and results were expressed as
gallic acid equivalents per g of fresh matter (mg GAE/g); TFC: Total flavanoid content and results were calculated as catechin equivalent (mg CE/g); TAC: Total anthocyanin content of
samples and results were expressed as mg cyanidin-3-glucoside/L; ABTS and CUPRAC were expressed as Trolox equivalent; DPPH was described as the percentage of scavenging effect.
Different lowercase letter in the same line indicates differences between samples subjected to different drying methods (P < 0.05). “Data are expressed as mean + standard deviation.

*Values followed by different alphabets in the same column are differ significantly (p < 0.05).
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samples were also reported from the other studies (Chen et al.,
2020; Golitkeis, 2015; Hawlader et al., 2006; Turkmen et al.,
2020). The high amount of TPC in samples dried with FD
can be explained by the low drying temperature and vacuum
conditions (Chen etal., 2020). The low TPC level in the samples
dried with HAD can be explained by the degradation of phenolic
compounds during the long drying period. Drying time in VD
and UAVD is significantly less than HAD. Also, these drying
methods were carried out under vacuum conditions. Low drying
time and vacuum conditions in VD and UAVD may have caused
less degradation of phenolic compounds than HAD.

When we compare VD with UAVD, the level of the phenolic
compounds of UAVD is significantly higher than that of VD.
The cavitation effect during UAVD may have damaged the plant
matrix more and enabled the phenolic compounds bounded
to the matrix to be separated easily. Besides, the ultrasound
process may have caused the formation of micro-capillaries in
the matrix and thus the phenolic compounds to be extracted
easily (Tekin & Baslar, 2018). The higher retention of phenolic
compounds in ultrasound-assisted technique compared to HAD
were also reported from other studies (Kayacan et al., 2020;
Kroehnke et al., 2018; Tekin & Baslar, 2018; Tekin et al., 2017;
Turkmen et al., 2020). TFC and TAC values of the dried and
fresh samples were 0.33-0.49 mg/g and 41.48-101.75 mg/100g,
respectively. The highest and lowest value of TFC and TAC
were obtained from FD and HAD. The change in TFC and TAC
values according to the drying method was similar to that of
TPC. It can be explained that most of the phenolic compounds
in pomegranate consist of flavonoids such as anthocyanin.

The antioxidant capacity values of the samples were analyzed by
ABTS, DPPH, and CUPRAC methods. The ABTS, CUPRAC, and
DPPH results were 34.53-63.71 pmol TE/g, 29.70-61.60 umol TE/g
and 64.82-93. 69% DPPH radical scavenging activity respectively.
In similar to total bioactive compounds value, the highest values
of antioxidant capacity for all methods were obtained from the
samples dried with FD. For CUPRAC and DPPH methods, as
in TPC analysis, the highest antioxidant capacity value after
FD was obtained from UAVD, while for the ABTS method,
the highest value after FD was obtained from VD. This result
suggests that antioxidant capacity values should be evaluated
with different methods. The lowest antioxidant capacity value
was obtained from the sample dried with HAD in all methods.
This result can be explained by the degradation of phenolic
compounds with antioxidant capacity in the long drying period
and the presence of oxygen during HAD (Hamid et al., 2020).
Therefore, these results indicated that UAVD can be preferred
as an alternative method to HAD in terms of preserving total
bioactive compounds and antioxidant activity.

3.3 In-vitro digestion procedure

Effect of in vitro digestion on the total phenolic content
(TPC), total flavonoid content (TFC), total anthocyanin
content (TAC) and antioxidant activities of fresh, freeze-dried,
vacuum dried, oven-dried and ultrasound-assisted vacuum
dried pomegranate were given in Table 2. The changes in TPC,
TFC, TAC, and antioxidant activities through in-vitro digestion
would help to understand the bioaccessibility of bioactive

compounds. As expected, the amount of TPC, TFC, TAC, and
antioxidant values at the oral phase was lower than the total
phenolic content of the undigested sample due to poor solubility
of phenolics in salivary fluid and the short duration of this phase
(Ucar & Karadag, 2019).

Compare to the oral phase, except oven and vacuum dried
samples, TPC of other dried pomegranates was significantly
increased in the gastric phase, and it was most prominent for
the freeze-dried samples, increased from 4.80 to 9.24 mg GAE/g.
In the oven-dried sample, the difference of TPC between the oral
and gastric phase was not significant. TFC content of freeze-
and oven-dried samples showed similar behavior from oral to
gastric phase, whereas in other samples TFC content was not
changed significantly. In terms of TAC, except for fresh samples,
all dried samples showed an increased amount of anthocyanin
at the end of the gastric digestion phase compared to the oral
phase. After the intestinal phase, TFC and TAC content was
detected at none of IN samples (free soluble dialyzable fraction),
and the TPC content of IN samples was always lower than that
of OUT samples (intestinal digest). The recovery of TPC in our
samples changed from 2.58% (fresh pomegranate) to 10.32%
(vacuum-dried pomegranate). Interestingly the recovery of TPC
for freeze-dried samples (2.62%) was closest to the fresh ones
where the fruit morphology/structure was mostly protected.

The bioaccessibility of phenolic compounds would be
increased when the drying method leads to the disruption of the
plant matrix and enhance the release of phenolic compounds.
Similarly, in our previous study, we demonstrated that the
bioaccessibility of phenolics in persimmon fruit was affected
by the drying method applied, and the lowest recovery of
phenolics was observed in fresh fruits, followed by freeze-dried
samples and the highest recovery was obtained with hot air-
dried persimmons (Kayacan et al., 2020). Dalmau et al. (2017)
investigated the effect of convective drying, freeze-drying, and
freezing on in vitro digestion of apple and they concluded that
not only the initial TPC value but also the structure of the food
matrix, may be important in the release of nutrients from food
matrices during digestion. In the study of Ucar & Karadag
(2019), a comparable trend was also reported, the extractability
of phenolics in simulated digestion fluids was higher for vacuum
dried oyster mushrooms compared to freeze-dried samples,
meaning that the physical structure of the food matrix would
also influence the diffusion rate of digestion fluids.

In plants, in addition to their soluble forms, phenolic
compounds also exist inbound to macromolecules in the
matrix, and they can be released with the help of enzyme and
acidic pH in the simulated gastric system. The higher recovery
of phenolic compounds after gastric digestion of pomegranate
products was also observed in other studies (Mosele et al., 2015;
Sengul et al., 2014). David et al. (2019) also reported that the
increase in total anthocyanin content of Cornelian cherry fruit
extract after gastric digestion was related to the destruction
of matrix and release of monomeric anthocyanins from the
polymers present in the extract. In our study, after the intestinal
phase anthocyanin content could not be determined, due to the
susceptibility of anthocyanins to higher pH levels. A significant
reduction of anthocyanins was observed by Pérez-Vicente et al.
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FD, VD, HAD and UAVD during in-vitro gastrointestinal digestion.

Methods Té’f E(/Ig)g TEC (mg CE/g) AB?; /(gp)mol CUPRTIE/Cg ;pmol Anthocgyl'iil(i)rslifllg;gl((:)zagr;idin-3-
Vacuum Dried  Undigested 6.39 £ 0.25¢ 0.39 + 0.03% 41714205  33.11+0.95 59.31 + 0.06¢
Polglegfanate Oral 5.63 +0.12¢ 0.92+0.19¢  101.64+1.40°  88.65 + 5.08¢ 3.80 + 0.34°
55°C Gastric 5.11 +0.29° 0.66 + 0.10< 11.81+1.44°  95.86 + 5.92° 5.73 +0.75¢
Intestinal ~ OUT 4.09 +0.27° 0.29+0.06°  140.32+3.13¢  139.46 + 2.67¢ ND
IN 0.66 + 0.04° ND 7.02 +0.03° 7.84 +1.42° ND
Recovery (%) 10.32 - 16.83 23.67 -
Oven-Dried Undigested 6.13 + 0.20° 0.33 +0.01° 3453 +0.28°  29.70 + 0.38° 41.48 +0.57¢
POTegranate Oral 4.51 +0.54° 0.41 +0.02° 64.03 + 6.28°  75.46 + 6.84° 1.41 +£0.36"
55°C Gastric 3.72 +0.52° 0.60 + 0.080° 8.14 £ 0.08  72.68 + 4.69° 4.17 £ 0.61°
Intestinal ~ OUT 3.50 + 0.64° 0.71 £0.04° 11833 +10.23¢ 132.52 +3.39¢ ND
IN 0.47 + 0.08" ND 5.57 + 0.38° 5.52 + 0.81° ND
Recovery (%) 7.68 - 16.13 18.58 -
Ultrasound- Undigested 6.88 +0.27° 0.47 +0.01° 37.75+1.94" 4945+ 1.84° 71.28 +0.62¢
Assisted Oral 3.95 +0.02° 0.44 + 0.04° 67.27 £4.96°  61.66 + 7.84° 7.99 +0.11°
gicylil::g-lss oc  Gastric 5104022 041 +0.07 12.81+0.95 127.83 + 6.47¢ 12.03 + 1.00°
Intestinal ~ OUT 6.03 + 0.04¢ 0.26 + 0.03 116.94 +2.50¢  109.78 + 5.00¢ ND
IN 0.66 + 0.06* ND 8.69+0.67° 24.91+1.58° ND
Recovery (%) 9.59 - 23.01 50.37 -
Freeze Dried Undigested 7.88 +0.01° 0.49 +0.04° 63.71+4.32° 61.61 +0.63° 101.75 + 0.58¢
Pomegranate Oral 4.80 +0.25" 0.43+0.11° 71.71 £9.15>  65.16 + 4.77° 8.26 +2.36
Gastric 9.24 + 1.414 0.86 + 0.10° 9.51 £0.80° 152.12 % 9.70° 65.17 + 1.04¢
Intestinal ~ OUT 5.32 + 0.88" 0.31+0.06°  129.25+32.06° 165.00 + 12.84° ND
IN 0.23 +0.02* ND 3.90 £0.10°  23.94 +2.26° ND
Recovery (%) 2.92 - 6.12 38.85 -
Fresh Undigested 8.22+0.01° 0.39 + 0.06° 56.11 £2.10°  29.87 +0.05 62.87 + 0.88¢
Pomegranate () 2.84 +0.12° 0.41 +0.02° 21.87 £5.06°  32.15+1.79° 4197 +1.11°
Gastric 1.65 + 0.26" 0.68 + 0.04¢ 27.92 £3.29°  29.62 +2.84 42.09 +8.13°
Intestinal ~ OUT 3.94 +0.41¢ 0.28 +0.01° 44.06 +3.67°  48.96 + 1.45° ND
IN 0.22 +0.05° ND 23.12+0.86°  6.39+0.53° ND
Recovery (%) 2.67 - 41.20 21.39 -

*HAD: hot air drying; VD: vacuum drying; UAVD: ultrasound assisted vacuum drying; FD: freeze drying; IN: a dialyzable fraction of intestinal digestion; OUT: undialyzable fraction
of intestinal digestion, ND: no data. Different lowercase letter in the same line indicates differences between samples subjected to different drying methods (P < 0.05).

(2002) after the intestinal phase during the in vitro digestion of
pomegranate juice.

The antioxidant activity of the pomegranate samples was
studied by ABTS and CUPRAC antioxidant assays during in
vitro digestion. Compared to the oral stage, ABTS activity
of dried pomegranate samples was reduced after the gastric
stage and increased at the intestinal phase, whereas for fresh
sample it did not change at the gastric phase and increased
after the intestinal stage. An increase in CUPRAC values at the
intestinal phase was also observed in all samples. The transition
from acidic to alkaline environment was commonly thought to
improve the ability of proton donation of phenolic that would
enhance their antioxidant characteristics. Similarly, in the study
of Ucar & Karadag (2019). ABT'S activity of digested mushroom
samples after intestinal step was higher that than of gastric step.
A significant increase in ABTS activity was observed after the
intestinal digestion of yellow-colored pea hulls (Ma et al., 2021).
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3.4 Color and surface characteristic of pomegranate arils

Table 3 showed the L*, a*, and b* color parameters of fresh
and dried pomegranate arils samples. In addition, AE values were
calculated for each drying method to observe the perceptible
color difference. The drying methods significantly affected L,
a*, and b* values . L* values of the samples ranged from 26 to
41. L* values did not change significantly in VD drying, while L*
values were decreased significantly in UAVD and HAD drying
and increased in the FD drying method (p<0.05). The a* value
of the samples varied between 12.1 and 18.7. HAD and FD led to
a significant increase in the a* value (p<0.05) while UAVD and
VD did not significantly change in a* value (p>0.05). The longer
drying period observed from HAD than the VD and UAVD
might have caused higher anthocyanin degradation and non-
enzymatic browning (Guiné & Barroca, 2012). The higher L*
and a* value for FD dried samples might be due to low drying
temperature and vacuum condition in FD (Gao et al., 2012).



Original Article

Influence of drying methods on the pomegranate arils

R :
Figure 2. The pictures of the dried and fresh samples (Hot air drying

(HAD), Ultrasound assisted vacuum drying (UAVD), Vacuum drying
(VD) pomegranate aril samples, Freeze drying (FD).

The anthocyanin degradation and non-enzymatic browning were
not observed and the anthocyanin concentrations increased after
removing water. Therefore, the higher a* value was observed
after FD drying. The higher L*, a*, and b* values in FD than
those of HAD, UAVD, and VD can be explained by the fact that
the higher temperature and long drying process during these
methods resulted anthocyanin and other pigment degradation
and non-enzymatic browning.

The higher L value observed from FD could be due to
preserving of microstructural properties, which is closely related
to brightness of samples (Chen et al., 2020). Also, since the
UAVD and VD methods provide an oxygen-free environment
and low drying times, the color pigments may be less degraded
and non-enzymatic browning minimized (Kayacan et al., 2020;
Orikasa et al., 2014). Therefore, an insignificant change in a*
value might have occurred in UAVD and VD compared to
HAD. The higher change in color parameters were also reported
from previously published studies. AE values differed between
2.82 and 11.25. The lowest and highest AE values were observed
in VD and FD, respectively. AE value of more than 5 indicates
a perceptible change after the drying process. The AE values in
HAD and FD were higher than 5, indicating that perceptible
change occurred in FD and HAD dried samples.

Figure 2 showed a picture of the dried and fresh samples.
As seen, HAD showed very dark images than fresh samples
while FD resulted in lighter images than fresh samples. These
results suggested that AE value could be successfully used in
comparing the samples HAD, UAVD and VD while it should
not be considered only one factor in the evaluation of color
differences FD and other methods.

Surface characteristics of the dried samples were determined
by SEM images (Figure 3). As can be seen, no shrinkage was
observed in the samples dried with FD while shrinkage was
observed in the samples dried with other methods, especially
in HAD dried samples. Shrinkage affects dried quality such
as dehydration capacity, texture, and surface cracking of food
material surface (Mahiuddin et al., 2018). The shrinkage also
has a negative effect on consumer preference. The shrinkage is
occurred by microstructural stress, which is promoted by the
moisture gradient within the foods. The microstructural stress
caused the deformation of food material and shrinkage to occur
(Khan etal., 2016; Mahiuddin et al., 2018). The higher drying period

Table 3. Change in color parameters of pomegranate arils during the drying process.

Dried Pomegranate

Color Parameters Fresh Pomegranate

UAVD VD HAD FD
L* 32.7 £1.13° 29.2+0.71¢ 32.7£0.43° 26.1 £ 0.70¢ 419 +£0.79*
a* 12.9 + 1.79¢ 13.0 £ 1.30¢ 12.1 £1.28¢ 15.0 + 1.41° 18.7 £ 0.98*
b* 4.8 +£1.00* 2.9+ 1.62*° 2.1 +0.30° 5.6 £1.52* 1.9 +0.28°
AE 4.16 £ 0.22¢ 2.82+0.10¢ 6.97 +0.18" 11.25 + 1.00°

HAD: hot air drying; VD: vacuum drying; UAVD: ultrasound assisted vacuum drying; FD: freeze drying. Different lowercase letter in the same line indicates differences between

samples subjected to different drying methods (P < 0.05).

Food Sci. Technol, Campinas, v42, 06221, 2022
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Figure 3. Surface characteristic of dried samples by SEM images (Hot air drying (HAD), Ultrasound assisted vacuum drying (UAVD), Vacuum

drying (VD) persimmon samples, Freeze drying (FD).

and non-uniform drying especially in falling rate drying periods
might have resulted in more shrinkage in HAD dried sample.

4 Conclusion

This study investigated the effect of different drying
methods on drying kinetic, total bioactive compounds, in-vitro
bioaccessibility of bioactive compounds, and color and surface

Food Sci. Technol, Campinas, v42, e06221, 2022

characteristics of dried pomegranate arils. The drying methods
significantly affected all parameters. The FD showed higher
bioactive compounds, lower shrinkage, and better color quality
than those of other samples. However, FD showed lower bioactive
compound recovery than that of other samples. HAD led to
higher degradation on bioactive compounds, showed higher
drying time than that of VD and UAVS, and showed the highest
color change and shrinkage. This study suggested that UAVD
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should be used as an alternative method due to higher bioactive
compounds retention, lower drying time, better surface and
color characteristics than HAD, and higher bioactive compounds
recovery than FD.
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