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Ellagitannins loaded maltodextrin and
lecithin nanoparticles: antioxidant, anti-
microbial, antidiabetic activity, and bio-
accessibility under in-vitro digestion

Mit Ellagitanninen beladene Maltodextrin- und Lecithin-Nanopartikel:
Antioxidative, antimikrobielle und antidiabetische Aktivitit sowie Bio-
verfligbarkeit bei in-vitro-Verdauung

Emine Okumus, Emre Bakkalbas

In recent years, the evaluation of by-products from agricultural and food processing has
become very important. However, the biological activity of these components decreases
as a result of the losses that occur during the applied processes and metabolism acti-
vities. In this study, antioxidant, and antimicrobial activity, antidiabetic properties, and
bioaccessibilities of pomegranate peel ellagitannins nanoencapsulated with maltodex-
trin and soy lecithin were investigated. Results showed that significant increases were
obtained in the solubility in pH 6.8 phosphate buffer. There was a decrease in the total
phenolic content, antimicrobial and antioxidant activity values of the nanoparticles com-
pared to the core material due to the nanoencapsulation process. In addition, all samples
showed higher antidiabetic activity compared to acarbose. As a result, the nanoparticles
have the potential to be a natural resource that can be used in the pharmacology, food,
and cosmetics industries with their high ellagic acid (EA) bioaccessibility, antidiabetic
activities, and increased solubility.

Keywords: Pomegranate, nanoencapsulation, antimicrobial activity, bioaccessibility,
antidiabetic activity
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Introduction

Pomegranate (Punica granatum L.) belongs to the Puni-
caceae family and has been cultivated and consumed since
3000 BC (Galaz et al., 2017). In recent years, consump-
tions of pomegranate products have increased with the
understanding of its benefits to human health, and pome-
granate peel has become one of the most common wastes
in the food industry (Okumus and Bakkalbagi, 2021). The
large volumes of waste materials of the food industry have
the potential to create natural resources, especially in the
pharmacology, food, and cosmetics industry (Amyrgialaki
et al., 2014). Therefore, many studies have been conduc-
ted on the biological activities and chemical properties
of the pomegranate peel (Demiray et al., 2018; Okumus
and Bakkalbagi, 2021). In some scientific studies on po-
megranate peel extract, its anti-inflammatory, heavy metal
removal, antioxidant, antimicrobial, anti-infective, anti-
mutagenic, hepatoprotective (liver protective) properties
were determined (Bachoual et al., 2011; Hayrapetyan et
al., 2012; Ismail et al., 2012; Shaban et al., 2013; Ventura
et al., 2013). In addition, thanks to these properties it was
stated that pomegranate peel is one of the most valuable
wastes of the food industry (Zhu et al., 2015).
Pomegranate peels are rich in tannins containing appro-
ximately 28-30% (Al-Zoreky, 2009). Due to the potential
beneficial effects of the phenolic compounds contained in
the pomegranate peels on health, it is used as a food sup-
plement or medicine in many countries (Wang et al., 2010).
Ellagitannins (punicalagin and punicalin) are hydrolyza-
ble tannins in pomegranate peel (Gil et al., 2000) and they
show high antioxidant activity (Akhtar et al., 2015). Howe-
ver, the sensory acceptability of pomegranate peel is very
low due to its bitter taste. The tannin content in pomegra-
nate peel causes its bitter taste (Ismail et al., 2014; Sharma
et al., 2014). Despite its significant nutritional and pharma-
cological potential, bitterness is an important limiting fac-
tor in the use of pomegranate peel, especially in the food
industry (Akhtar et al., 2015). Today, in order to benefit
from the health benefits of pomegranate peel, capsule, tab-
let, and gel formulations of pomegranate peel extracts are
prepared to minimize its bitter taste (Akhtar et al., 2015).
Nanoencapsulation is a method used to protect bio-
active compounds such as phenolic acids, anthocyanins,
flavonols, and flavan-3-ols against unsuitable conditions
and to increase their bioavailability. Thanks to the nano-
encapsulation method, many factors that limit the applica-
tion of ingredients with low stability and poor solubility to
food are improved (Esfanjani et al., 2018). The functional
properties of these compounds such as antioxidant, anti-
inflammatory, anticarcinogenic, and antimicrobial pro-
perties preserve by nanotechnology application, and their
solubility and bioavailability increase. Another advantage
of nanoencapsulation is the controlled release of bioactive
compounds (Katouzian et al., 2017; Akhavan et al., 2018).
Diabetes (Diabetes Mellitus) is a chronic metabolic
disorder with a rapidly increasing occurrence all over the
world. In recent years, scientific studies have clearly de-
monstrated that diabetes is an important disease and sig-
nificant progress has been made in its treatment methods.
In many studies on the use of medicinal plants in the treat-
ment of diabetes, in addition to the use of drugs, it has been
determined that plants contain large amounts of bioacti-
ve compounds with free radical scavenging effects such as
phenolics, nitrogen compounds, vitamins and other endo-
genous metabolites (Karadeniz et al., 2015). It has been re-

ported that antioxidants in fruits prevent the destruction of
pancreatic 3-cells by inhibiting the peroxidation chain reac-
tion, and therefore may protect against the development of
diabetes (Aslan et al., 2010). In addition, it was determined
that the application of pomegranate extract contributed to
the regulation of hyperglycemia and hyperlipidemia in dia-
betic rats (Gharib and Kouhsari, 2019).

In this study, the aim was to determine the antioxidant
activities, phenolic contents, in vitro bioaccessibility of
phenolics, solubility values, and antidiabetic properties
of the nanoparticles formed with the ellagitannins extract
from pomegranate peels using maltodextrin and lecithin
coating materials.

Materials and methods

Samples

The Hicaz pomegranate variety was used belongs to the
2019 harvest year and was obtained from a local market
in Van. The peels of the fruits were separated from the
seed, lyophilized, and then ground into powder form (bet-
ween 60-80 mesh) using a mill. Ellagitannins (ET) from
pomegranate peel were extracted with ethanol (60%). Na-
noparticles were prepared from ET extract using maltod-
extrin and lecithin as coating materials. The preparation
and characterization of the ET nanoparticles and the ob-
taining of ET extracts from pomegranate peel were pre-
sented in our previous study (Okumus et al., 2021). The
initial average molecular diameter of the ET was 47.02 +
31.0 um. After the nanoencapsulation process, the average
molecular diameters of maltodextrin-coated nanopartic-
les (ETM) and lecithin-coated nanoparticles (ETL) sam-
ples were determined as 371.84 + 229.75 nm and 339.02 +
215.29 nm, respectively (Okumus et al., 2021).

Extraction of nanoencapsulated ET

0.2 g of nanoparticles and 25 mL of methanol:acetic
acid:water (50:8:42, v/v/v) were mixed in a falcon tube.
This mixture was vortexed for 1 min and then sonicated
for 3 min by an ultrasonic homogenizer (Bandelein, So-
nopuls HD 3200, Germany). The supernatant was centri-
fuged for 5 min at 8000xg and stored at 4°C until analysis
time (Robert et al., 2010).

Determination of total phenolic content

Total phenolic content (TPC) was determined by the Fo-
lin-Ciocalteau method Singleton and Rossi (1965). Results
were expressed as gallic acid equivalent (mg GA eq./100 g
dw).

Phenolic profiles

The phenolic profiles of samples were determined using
the Shimadzu HPLC system (LC-20AD, Shimadzu, Kyo-
to, Japan). The separation of phenolic compounds was car-
ried out using a Symmetry C18 (250 x 4.6 mm id, particle
size 5 um) column (Waters, USA) at 25°C. The method
utilizes a binary mobile phase consisting of 2% acetic acid
in water (A) and 0.5% acetic acid in water:acetonitrile (1:1,
v/v; B). Gradient program was as follows: 0 min 100% A;
50 min 45% A; 60 min 0% A. The flow rate was 1.0 mL/
min. Detection was made at 360 nm for ellagitannins. El-
lagic acid, punicalagin A, and punicalagin B, which was
appearing in chromatograms, were identified based on
their retention times and spectral data by comparison with
standards (Ugurlu et al., 2020).
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DPPH and ABTS assays

DPPH assay was performed using a spectrophotometric
method described by Pyo et al. (2004). The ABTS assay
was applied according to the method of Re et al. (1999).
The results of both DPPH and ABTS assays were expres-
sed as Trolox equivalent antioxidant capacity (mmol Trol.
eq./g dw).

Bioaccessibiliy of nanoparticles

30 mL of distilled water and 1.5 mL of pepsin (20 g/L in 0.1
mol/L HCI) were mixed with 1.5 g of ET or nanoparticle
extract. The mixture was adjusted to pH 2 with 6 mol/L of
HCI and incubated in a water bath at 37°C for 1 h. Gast-
ric digestion was stopped by adding 1 mol/L NaHCO, into
each mixture to adjust the pH to 7.2. After adding 7.5 mL
of bile/pancreatin solution (2 g/L of pancreatin and 12 g/L
of bile salt in 0.1 mol/L NaHCO,) and 7.5 mL of NaCl/KCl
(120 mmol/L NaCl and 5 mmol/L KCl), the mixture was
incubated for another 2.5 h under the same conditions.
The mixture was centrifuged at 8000xg for 10 minutes and
the supernatant was stored at —24°C until analysis time
(Vitali Cepo et al., 2009).

Determination of a-amylase and a-glucosidase
inhibitory activity of nanoparticles
a-amylase inhibitory activity of the samples was determi-
ned as described by Kazeem et al. (2013). A total of 250
pL a-amylase (0.05 U/mL) in 0.02 M phosphate buffer (pH
6.9) was mixed with 200 uL of various concentrations of
the extract and preincubated at 37°C for 10 min. There-
after, 250 uL 1% starch solution (0.02 M phosphate buffer,
pH 6.9) was added as the substrate and incubated at 37°C
for 15 min. The reaction was terminated by adding 500 uL.
1% dinitrosalicylic acid and the mixture was then incuba-
ted in boiling water for 10 min. The mixture was cooled at
room temperature and diluted with 5 mL of distilled water.
The absorbance was measured at 540 nm by UV-spectro-
meter. Acarbose was used as a standard. The a-amylase
inhibition activity of the samples was expressed as IC,,
which was calculated graphically.

a-glucosidase inhibitory activity was determined with
the method described by Zahratunnisa et al. (2017). First-
ly, 60 uL a-glucosidase (1 U/mL) in phosphate buffer (0.1
M, pH 6.8) was mixed with 120 uL of various concentra-
tions of the extract and preincubated at 37°C for 10 min.
Thereafter, 120 pL 5 mM 4-nitrophenyl a-D-glucopyrano-
side was added as a substrate and incubated at 37°C for
15 min. The reaction was terminated by adding 300 uL 0.1
M Na,CO,. The absorbance of the p-nitrophenol released
was recorded at 405 nm. a-glucosidase inhibition activity
of the samples was expressed as IC,, which was calculated
graphically.

50?

Determination of water activity

The water activity of the samples was measured using the
Novasina Labstart-aw (Novasina AG, Lachen, Switzer-
land) instrument.

Determination of solubility

The method developed by Kuck and Norena (2016) was
modified and used to determine the solubility of the
samples in different solvents. 100 mL of methanol, water,
0.1 N HCI, acetate buffer (pH 4.5), and phosphate buffer
(pH 6.8) were added to 1 g each of lyophilized ET and the
nanoparticles obtained from it, they were placed in sepa-
rate containers, and mixed for 5 minutes in a magnetic

stirrer. Then, 25 mL was taken from the mixture, which
was centrifuged (Nive NF 1200R, Turkey) at 3000xg for
15 minutes, and transferred to containers with a constant
weight. The samples, which were kept in an oven at 105°C
for one day, were cooled in a desiccator and their solubility
percentages were determined.

Determination of antimicrobial activity

Disk diffusion method was used to determine antimicro-
bial activity. In the analysis, Staphylococcus aureus ATCC
25923, Listeria monocytogenes ATCC 7644, Enterococcus
faecalis ATCC 29212 representing gram-positive bacte-
ria and Escherichia coli ATCC 25922, Escherichia coli
O157:H7 ATCC 43894, Salmonella Typhimurium ATCC
14028 representing gram-negative pathogenic bacteria
were studied. Mueller Hinton Agar (Oxoid) was used for
bacteria in the antimicrobial activity test. For the acti-
vation of bacteria, bacterial strains were inoculated into
Mueller Hinton Broth (Oxoid) and incubated at 37+0.1°C
for 24 hours (Bagcr and Digrak, 1996). Sterilized and co-
oled to 45-50°C, Mueller-Hinton Agar (MHA, Oxoid)
was dispensed into sterile petri dishes with a diameter of
9.0 cm with sterile pipettes at 20 mL. The medium was
distributed homogeneously and the solidified agar was
kept at room temperature for 2 hours and then stored at
+4°C until used. Then, a loopful of bacterial colonies from
18-24 hour fresh bacterial cultures were suspended in ste-
rile physiological saline solution (FTS), and the density of
the bacterial suspensions was adjusted according to the
0.5 Mc Farland standard. 100 uL of the adjusted bacterial
suspensions were taken and spread on petri dishes with a
Drigalski spatula. 20 uL of ET and ET-loaded nanopartic-
le extracts were placed on empty discs in petri dishes. Petri
dishes prepared in this way were kept at 4 °C for 15 minu-
tes and then incubated at 37°C for 24 hours. At the end
of the period, the inhibition zones formed on the medium
were measured with the help of a digital calliper and eva-
luated in mm (Perez et al., 1990). Standard antibiotic discs
(10 pg ampicillin and 10 pg gentamicin) were used as posi-
tive controls for comparison.

Statistical analysis

The data were analysed using the SPSS package program
(version 18) for one-way analysis of variance (ANOVA).
Duncan’s multiple range test procedure was used to iden-
tify significant differences (p<0.05).

Results and discussion

Water activity and solubility

Water activity (aw) is a measure of the amount of free
water in food and is an indicator of how tightly water is
structurally and chemically bound in food products. The
aw values of the ET and nanoparticle-formed samples
are given in Table 1. The aw values of the ETM and ETL
samples were close to each other at 0.31 and 0.32, respec-
tively, compared to the initial water activity value of the
ET sample (0.31). In another study, different ratios of
maltodextrin and chitosan were used as coating materials
(Mayasari et al., 2018). It was stated that the aw values of
the nanocapsules ranged between 0.45 to 0.35. In addition,
they concluded that the use of maltodextrin could increase
the content of the aw value (Mayasari et al., 2018). While
the water activity value of durable foods such as dried fru-
it and crackers varies in the range of 0.2-0.3, fruits and
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vegetables have higher water activity values such
as 0.9-0.99. For this reason, in food applications of
the obtained structures, the desired water activity

TABLE 2: Punicalagin A, punicalagin B, ellagic acid contents (mg/100g
dw), TPC, and antioxidant activity of samples and bioaccessi-
bility (%) after in vitro digestion.

value in the final product should be taken into ac- ET* ETM ETL
t and the ch i t tivit | f th
C(;sguftnb ngnco a;gti;:sv:ﬁoigcblevég’n:?dzfez € Punicalagin A 27810.36+82.10¢ 17284.69+233.98" 10218.24124.81°
p DY pal : GID-Punicalagin A 21310.52432.72¢ 3303.2066.05° 1633.73+24.63°
In vitro solubility tests are generally used to  gigaccessihilty (%) 76.63:0.34¢ 19.11£0.12° 159920 44°
gregm the bloavaﬂdab.lhty. of Ithehcomlfogl.?d usetd Punicalagin 8 235 §T£121TF 9765.48:471.62° 5913.10428.76°
y humans measured in vivo. In the solubtiity test, g p icyjaging 6634.91£75.9 671.12429.43° 306.65+7.39°
the rate of dissolution of solid drug-like chemicals Bioaccessibilty (%) 27964118 6.89+0 63° 5 20+0 50°
in an environment such as an artificial stomach or — 96090131 PYTEE ITTRE
intestine is determined under certain experimental GI?Jg-Elzgic adid 127 7641 42 114252 500 99 4450.70°
conditions. For this purpose, three different buffer Bioaccessibilty (%) 13.2450.13° 49 2340 41¢ 405040645
solutions with pH between 1-8 are used. Preferred TPC (mg GAE/100g dw) 28611.11+78.57 17666.67+117.85° 9319.44+137.49
. mg g dw, N+78.57¢ 67117, 44+137.49°
pH values are 1.2, 4.6 and 6.8, which represent the ¢ or o cneiong dw) 12086964115 29 12314.67:80.70° 6078.26+23.06°
pH values of the stomach, small intestine and large g, coqsiniity (%) 4.25+0.40° 69.71:0.46¢ 65.22+0.25
intestine, respectively (Iskit, 2014). The solubility of e - - -
ET and the formed nanoparticles was determined in D71 (mmol Trol. ea /g dv) 214452022 1859621 08 170.61£0.65
hanol, water, and biological buffers (0.IN HCl S>-0PPH (rmol ol eg/gdw)  12573¢051 1116137 91.19:1.83
methanol, > s : Bioaccessibility (%) 58,630,240 59.78+0.74° 53.45:1.07°
(pH 1), pH 4.5 acetate buffer and pH 6.8 phosphate
buffer) (Table 1) ABTS (mmol Trol. eq./g dw) 166.89+1.89° 51.5040.65° 4707£0.43
Th lubili ’ f th les i h | and GID-ABTS (mmol Trol. eq./g dw) 48.98+1.12¢ 21.63+0.20° 16.22+0.112
¢ solubility of the samples in methanol and o, ity (3%) 2935:0.67° 42.00:0.38° 34.47:0.240

water was determined as ET>ETL>ETM and
ET=zETM>ETL, respectively. The ET sample was

Data are expressed as meanzstandard deviation. a, b, ¢ Different superscript lowercase letters show differences between the
samples (p<0.05). ET*: Referenced from our previous study (Okumusand Bakkalbas, 2021). GID: Gastrointestinal digestion.

TABLE 1:

found to have the highest solubility in water and
methanol. The solubility of the samples in 0.1 N HCI, pH
4.5 acetate buffer, and pH 6.8 phosphate buffer were de-
termined as ETM>ET>ETL. The solubility of all samples
was found to be the highest in pH 6.8 phosphate buffer
(p<0.05). The solubility of ETM and ETL sample in pH 6.8
phosphate buffer was quite close to ET sample (p>0.05).
As a result, the solubility of ETM and ETL samples in
methanol and water decreased compared to ET. However,
there was an increase in the solubility rate of ETM nano-
particles in the stomach (pH 1) small intestine (pH 4.5),
and large intestine (pH 6.8). ETL samples had the lowest
solubility in all medium except methanol. ETM was a more
successful application in terms of solubility since it increa-
ses the solubility in biological buffers compared to ET and
ETL. A nanoemulsifying drug system (SNEDDS) based
on the phospholipid complex technique was developed by
Avachat and Patel (2015) to increase the oral bioavailabili-
ty of ellagic acid. In the study, the solubility of ellagic acid
phospholipid complex (EAPL) was determined in n-octa-
nol, water, 0.1 N HCI, pH 4.5 acetate buffer and pH 6.8
phosphate buffer, and it was reported that EAPL increased
in solubility in all pH conditions compared to EA (Avachat
and Patel, 2015).

Phenolic content and antioxidant activity

In Table 2, punicalagin A, punicalagin B, ellagic acid con-
tents which are dominant phenolics in pomegranate peel,
TPC, and antioxidant activity values of samples were given
at the initial and after digestion. The highest amount of
punicalagin A in the samples at the initial stage and after
digestion was determined in the ET sample and the lowest

Water activity and solubility values in different solvents (%).

in the ETL sample. The highest bioaccessibility value was
also found in the ET sample. As with the punicalagin A
content, the initial punicalagin B content and bioaccessi-
bility value were highest in the ET samples and the lowest
punicalagin B and bioaccessibility values were found in
the ETL (p<0.05). Kamiloglu et al. (2014) stated that an-
tioxidants are degraded by alkaline pH, so after in vitro
digestion, there is a general loss of phenolic compounds,
which are antioxidant sources. However, there was a sig-
nificant decrease in the bioaccessibility of punicalagin A
and punicalagin B by nanoencapsulation compared to the
core (ET) sample (p<0.05). As a results of nanotechnolo-
gy applications, it may be due to the decrease in resistance
of the particles against to digestive enzymes by the effect
of the reduction in sizes.

In the initial stage and after digestion, while the ET
sample had the highest ellagic acid content, ETL had the
lowest ellagic acid content (p<0.05). However, ET sam-
ple had the lowest bioaccessibility values. ETM and ETL
samples obtained with nanotechnological applications in-
creased the bioaccessibility for EA. Especially the ETM
sample had the highest bioaccessibility result with 49.23%
(p<0.05). It is thought that EA is better coated with ETM
thanks to its small molecular weight and is better preserved
during the digestion process, and it provides high bioacces-
sibility thanks to its good dissolution in biological buffers.
Similar to our results for ellagic acid, there were some stu-
dies indicating that nanocarriers are a good method of im-
proving the bioavailability of phenolics and bioactive com-
pounds (Liang et al., 2017; Araiza-Calahorra et al., 2018).
The initial content and % bioaccessibility results be-

long to TPC and antioxidant activity
were given in Table 2. The total phenolic

a, Solubility (%) content and antioxidant activity values
Methanol Water 0.1 N HdI pH4.5 pH6.8 of all sample decreased after in-vitro di-
4] 031£0.00°  8260£1.13%  78.00s1.41%%  91.10:099°  92.80+057°  97.50+1.56° gestion. The decrease in the amounts of
ETM 031:000°  37.00:085*%  7590:042°  9810:042°  9530+1.27C  98.80:0.857 TPCis due to the transformation of the-
se compounds into different structural

ETL 03260010 54.80+1.13%  64.90:099%  5520:057*  74.80:113C  96.30:1.84®

forms during digestion (Bermudez-Soto

Data are expressed as meanzstandard deviation. a, b, ¢ Different superscript lowercase letters show differences between core and nanoparticles
(p<0.05). A, B, C, D Different superscript uppercase letters show differences between solvents in the same sample (p <0.05).

Ausgabe fur imr:livelyzachary

et al., 2007). Similarly, the decrease in
TPC content in nanoencapsulated sam-
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ples was also reported by Ali et al. (2020). The decreases
in the antioxidant activities also may be due to the decom-
position of antioxidant compounds during digestion. Ho-
wever, nanoparticles (ETM and ETL) had the higher the
bioaccessibility of TPC and antioxidant activity than that
of pomegranate peel extracts (ET). The TPC and the anti-
oxidant activity of the nanoparticles coated with maltodex-
trin were higher than that of lecithin (p<0.05). The highest
amount of TPC and % bioaccessibility after digestion was
found in the ETM sample with 12314.67 mg GAE/100 g dw
and 69.71%, respectively (p<0.05). According to the DPPH
and ABTS assays after in vitro digestion, the highest %
bioaccessibility was determined in the ETM sample, and
they were 59.78% and 42.00%, respectively (p<0.05).

Antimicrobial activity

In Table 3, the zone diameters of ET extract and nanopar-
ticles against Staphylococcus aureus, Listeria monocyto-
genes, Enterococcus faecalis representing gram-positive
bacteria and Escherichia coli, Escherichia coli O157:H7,
and Salmonella Typhimurium pathogen bacteria repre-
senting gram-negative bacteria were given. The effects of
the obtained zone diameters on the same gram-negative
and gram-positive bacteria were compared using the anti-
biotics ampicillin (10 pg) and gentamicin (10 pg) (Table 3).
The zone diameters of ampicillin and gentamicin against
to selected bacteria were higher than those of samples
(ET, ETM, and ETL). Results showed that all sample
have antimicrobial activity against only Staphylococcus
aureus ATCC 25923 and Listeria monocytogenes ATCC
7644. The highest zone diameter formed on the S. aureus
ATCC 25923 strain was 17.25 mm in the ET sample. In the
results obtained from the nanoparticles, the effect of the
coating material on the S. aureus strain was found to be in-
significant (p>0.05). The zone diameters of ET, ETM, and
ETL samples against Listeria monocytogenes were close
to each other, and the difference between them was statis-
tically insignificant (p>0.05). It was determined that the-
re was a significant decrease in the antimicrobial activity
values of the nanoparticles obtained as a result of the
nanoencapsulation process compared to the ET sample
(p<0.05). The nanoparticles formed lost their antimicro-
bial activity properties. It is due to the low core material
ratio in the nanoparticle. Only the ET sample showed an-
timicrobial activity against Enterococcus faecalis ATCC
29212, Escherichia coli, and Escherichia coli O157:H7
ATCC 43894. The zone diameters of ET against these
bacteria were 14.25, 9.75 and 9.50 mm, respectively. The
antimicrobial activity in any of the samples was not detec-
ted against Sal/monella Typhimurium ATCC 14028 gram-
negative pathogenic bacteria. Donsi et al. (2012) reported
that a carvacrol nanoemulsion prepared with pea prote-
in and soy lecithin did not effectively inhibit Escherichia

TABLE 3: Average zone diameters of samples (mm).

Diameter of inhibition zone (mm)

S. aureus L. mono- Enterococcus Escherichia Escherichia Salmonella

TABLE 4: «-amylase and a-glucosidase inhibitory activi-
ties of samples.

1C50(c-amylase) 1C50(c-glucosidase)
(mg/mL) (mg/mL)
ET* 0.14+0.03 3.50+0.02°
ETM 1.38£0.01¢ 2.56£0.12¢
ETL 1.04£0.02° 3.000.27%
Acarbose 2.44+0.11° 31.12+0.82¢

Data are expressed as meanzstandard deviation. a, b, ¢, d Different superscript lowercase letters
show differences between the samples (p<0.05). ET*: Referenced from our previous study (Okumus
and Bakkalbagi, 2021).

coli. Similar to our results, the study reported a decrease
in the antimicrobial activity of the nanoparticle-formed
components. In addition, Kanatt et al. (2010) reported that
0.1% concentration of pomegranate peel extract was inef-
fective against Escherichia coli and Salmonella Typhimu-
rium. The antimicrobial activity analysis of pomegranate
peel extract was performed by Demir et al. (2019). The
inhibition zone diameters were found to be 23.0 mm for S.
aureus, 18.5 mm for Enterococcus faecalis, and 16.5 mm
for Escherichia coli. Our results are lower than the fin-
dings of Demir et al. (2019). It may be due to the different
extraction methods, antimicrobial analysis methods, and
pomegranate variety.

Antidiabetic activity of nanoparticles

Type 2 diabetes is a chronic and progressive syndrome
characterized by metabolic abnormalities such as insulin
resistance and decreased pancreatic 3-cell function, which
alters energy-sensing processes in the body (Velingkar et
al., 2009). However, many studies have shown that pheno-
lic phytochemicals inhibit the activity of a-amylase and «-
glucosidase, which are responsible for the postprandial in-
crease in blood glucose level as a result of the development
of Type 2 diabetes (Andlauer and Furst, 2003; McCue and
Shetty, 2004). In this study, a-amylase and a-glucosidase
enzyme inhibitions of the samples were given in Table 4 as
IC,, values.

The highest a-amylase inhibition efficiency belonged
to the ET sample and the highest a-glucosidase inhibition
efficiency belonged to the ETM sample (p<0.05). The «-
amylase enzyme inhibitions of the samples decreased with
the encapsulation process. It was determined that there
was no significant change between IC, activities of a-glu-
cosidase enzyme inhibitions of ET and ETL samples. On
the other hand, a-amylase and «-glucosidase enzyme in-
hibitions of all samples showed higher a-amylase and «-
glucosidase inhibition activities than the positive control
acarbose (p<0.05). Similar to our results, Cam et al. (2014)
stated that the pomegranate peel showed antioxidant and
a-glucosidase inhibition activities in ice creams enriched
by adding microencapsulated pomegra-
nate peels. Barathikannan et al. (2016)
reported that pomegranate peel extract
has a significant effect on reducing the

cytogenes faecalis coli coli 0157:H7 Typhimurium long-term complications of diabetes pa-
ET 17.2541.06° 13.2541.06° 14.25+1.06° 9.75+0.35° 9.50£0.71 - tients due to their a-glucosidase inhibi-
ETM 14.25:035  11.75£0.35 - - - - tion activity.
ETL 14.25:0.35  12.000.00° - - - -
d 4 (4 b b 2
Ampc 43.50+0.71 32.50£0.71 28.25+0.35 17.25+1.06 22.75+1.06 24.000.00 Conclusion
Gent 23.75+0.35¢ 29.50+0.71° 21.50£0.71° 23.75£0.35¢ 26.00+1.41¢ 25.50+0.712

Data are expressed as meanzstandard deviation. < ¢ Different superscript lowercase letters show differences between the samples (p<0.05). Pomegranate peels are one of the most

Ampc: ampicillin. Gent: gentamicin
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try. They are a rich source of bioactive compounds that are
effective on health. In order to better protect the phenolic
and antioxidant activity of the pomegranate peel, studies
are increasing day by day that nanoencapsulation proces-
ses are found to be more advantageous than conventional
processes. In this study, changes in solubility, antioxidant
activity, antimicrobial activity, antidiabetic properties,
and their bioaccessibilities of pomegranate peel ellagitan-
nins as a result of encapsulation with maltodextrin and
soy lecithin were investigated. It was determined that the
solubility of pomegranate peel extracts by nanoparticles
formed with maltodextrin as a coating material may be in-
creased in the stomach, small intestine, and large intestine.
There was a decrease in the bioaccessibility values of pu-
nicalagin A and punicalagin B components of the formed
nanoparticles, but a significant increase in the bioaccessi-
bility values of ellagic acid, TPC and antioxidant activity.
In addition, ETM sample have high bioaccessibility values
and a-glucosidase inhibitory activity than ETL sample. As
a result, it was determined that the type of coating mate-
rial used was an important parameter and maltodextrin in
terms of analyzed parameters is a more suitable coating
material than lecithin. The possibilities of using ellagitan-
nins nanoparticles encapsulated with maltodextrin and
lecithin in commercial applications, food, cosmetics, and
pharmacology can be improved, and pomegranate peels
can be processed into high value-added products.
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