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Nowadays, due to the interest in consuming extra-beneficial foods and
the increasing spread of cardiovascular diseases, the desire to
consume extra-beneficial products has increased. Therefore,
researchers are looking for the optimization of new formulations of
products with practical features in this direction. The study aimed to
produce a functional energy drink containing tannin-linoleic acid-
conjugated chitosome. After extracting bioactive compounds
(especially tannin) from pomegranate peel, they were included in the
structure of chitosomes along with conjugated linoleic acid. The
results showed the significant effect of different concentrations of
pomegranate biological extract on the oxidative stability of linoleic
acid. The results showed the significant effect of different
concentrations of pomegranate biological extract on the oxidative
stability of linoleic acid. The examination of nano-chitosome groups
showed the presence of structures in pomegranate bioactive along
with linoleic acid in chitosomes. The uniformly chitosan spherical
particles were observed with sizes of 77.66 and 79.90 nm. The
addition of nano chitosomes showed a significant increase in pH
(decrease in acidity), increase in turbidity, viscosity, two phases, and
phenolic content. Also, a decrease in the L* value and an increase in
a* and b* values were reported. The present results showed that
biopolymers play a key role in the stability of the liposome membrane
structure. They have a stable release of molecules trapped by a spatial
barrier on the surface. This nano chitosome will provide a potential
platform for the carrier's design for nutrients or preservatives, to
increase the shelf life and safety of food matrices.
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1-Introduction

Today, researchers have found that foods, in
addition to providing essential nutrients,
contain components that may be useful in
maintaining health and preventing chronic
diseases. The components in animal products
are each associated with a specific effect on
human health, which is why the interest in
conjugated acids has increased significantly [1].
CLA is a dietary supplement used to reduce
body mass, muscle damage, and inflammatory
responses. Therefore, it has attracted
considerable scientific attention in the past few
decades. Linoleic acid is a family of
polyunsaturated fatty acids, which refers to a
mixture of positional and geometric isomers of
linoleic acid with conjugated double bonds, and
it can be placed in any position of the carbon
chain - usually between 8 and 13 - in a cis or
trans configuration [2]. The most common
isomers are cis-9, trans-11 (¢9, t11) and trans-
10, cis-12 (t10, c12), which are naturally
present in dairy products (milk, cheese and
yogurt) and ruminant meat (beef and lamb) [3].
Studies have shown that linoleic acid, in
addition to being used for the treatment of
cardiovascular diseases, metabolic syndrome
and asthma, can have various health-giving
effects such as anti-cancer properties, inhibiting
arteriosclerosis, increasing the function of the
immune system, liver metabolism and blood
sugar. But the most reliable findings about the
health-giving effects of linoleic acid include
anti-cancer and reducing the effects of body fat
[4]. More recent research studies show that both
isomers of linoleic acid have very different
health effects. t10, c12-CLA is an anti-cancer,
anti-obesity and anti-diabetic agent, while c9,
t11-CLA is mainly anti-inflammatory. It is also
possible that some of the effects are due to the
synergistic action of these isomers [1].

Punica granatum is a native of Iran to the
Himalayas in northern India, which is
cultivated in the climate and climate of semi-
arid desert, dry, semi-arid, semi-humid and cold
climates in western and humid regions. In the
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central regions of the country, there are more
than 300 species in the form of trees and shrubs.
This plant is also found naturally in very hot
areas where rainfall occurs only in winter and
dry summers. Nowadays, distribution of
pomegranate  tree in  Central Asia,
Mediterranean areas, Southeast Asia and North
America has been reported [5]. In Iran, 670,000
tons [6] and approximately 218,000 tons are
cultivated in the world. After proving the
antimicrobial and antiviral properties of
pomegranate, its cultivation has increased
significantly [5]. Pomegranate skin makes up
40% of the whole fruit. Pomegranate skin is
rich in polyphenols. Since polyphenols are
antioxidant agents, they can show the medicinal
ability of pomegranate. Many researchers have
confirmed that pomegranate skin is a rich
source of bioactive compounds such as
ellagitannins, catechins, rutin and epicatechins
[7]. Also, studies have shown that pomegranate
skin is rich in hydrolysable tannins in
ellagitannins. It has been shown that the content
of tannin in pomegranate peel is higher than the
content of flavonoids (mainly anthocyanins)
[5]. The tannins in pomegranate are mainly
condensed tannins and hydrolysable tannins.
Hydrolysable tannins make up approximately
85% of tannins in pomegranate peel [8]. Many
biological activities of tannins, including
antioxidant, antibacterial, antifungal, antitumor,
etc., have also been shown. Ortho-dihydroxyl
groups present in tannin are responsible for
chelating metal ions. High degree of
polymerization and molecular weight play an
important role in the antioxidant activity of
tannins. When tannins are consumed as part of
human or animal diet, tannins may affect
protein utilization by forming complexes with
protein and iron. They can form strong bonds
with proteins by forming hydrogen bonds
between phenolic groups and -NH groups of
peptides that are not broken by digestive
enzymes [9].
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Liposomes are spherical particles (vesicles)
with one or more double-layered membranes,
with amphipathic (amphipathic) properties,
which are formed by the accumulation of fat or
phospholipid molecules (especially
phosphatidylcholine) in aqueous medium.
Despite the many advantages of liposomes
(especially the possibility of producing healthy
and harmless compounds for human health),
only a few unmodified liposomes are stable.
Most of them have a high tendency to
aggregate, which over time may be trapped by
leakage of contents [10]. To overcome these
defects and for more stability, modification of
the surface of liposomal carriers using
biopolymers (such as pectin or chitosan) has
been done to design more effective delivery
systems. By reducing the reaction with the
external environment, encapsulation protects
polyphenols against degradation, adverse
effects of light, moisture and oxygen. As a
result, it helps to increase their useful life. In
addition, encapsulation will result in reduced
core evaporation, controlled core release, core
dilution (in cases where only small amounts of
phenolic compounds are required) and
increased half-life [10, 11]. Ramli et al. (2019)
showed an increase in the encapsulation
efficiency of propolis extract with chitosome
and the stability of chitosome after one month
of storage [12]. Silva et al. [13] also showed that
the total extraction efficiency increased from 35
to 48.1%  with increasing
concentration (0.4 to 1%).

chitosan

The Food and Drug Administration defines
energy drinks as a category of non-alcoholic
beverages, usually containing caffeine, or
without other additives. These drinks usually
contain large amounts of caffeine, added
sugars, other additives and legal stimulants
such as guarana, taurine and L-carnitine [14]. In
addition, low-alcohol beverages also have
potential health benefits. Benefits such as
lowering cholesterol and increasing high-
density lipoprotein, which helps prevent heart
disease and reduce the risk of alcohol-related
diseases [15]. Therefore, this study describes
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the possibility of producing a healthy and useful
energy drink. Linoleic acid-tannin chitosomes
have the potential to improve product quality by
increasing the enrichment of bioactive
compounds.

2- Materials and methods

2-1 Materials: fresh pomegranate fruit from a
garden in Saveh in Markazi province. Iran (in
the north of Central province between latitude
(34 degrees and 45 minutes latitude)
Wonderful, canola oil from Laden company
(Iran), CLA from HSF company (China) And
the chemicals needed for the research were
purchased from Merck (Germany).

2-2 Extraction of bioactive compounds
(especially tannin) from pomegranate skin:
First, the outer leathery skin and other
biological wastes (mesocarp and dividing
membrane) were removed from the seeds
(aryls). Then fresh pomegranate biological
waste was dehydrated at 65°C and dried in a
freeze drier (Operon-Korea) (55°C, 0.15 mm
Hg) for 48 hours. until its initial humidity
decreased from 69.93 + 0.5% in moisture basis
to a safe moisture level of approximately 4.76
in moisture basis [16]. After the drying stage,
the final product was pulverized to a size of 1
mm using a laboratory mill (LB20ES, Waring,
USA). The produced powder was sieved
through a stainless-steel mesh sieve. Particles
with about 1 mm were selected [17]. To extract
tannin from pomegranate skin, water solvent
and ultrasonic device (ZE 1031 DT,
Heinrichstrabe, Germany) were used. The
sample to solvent ratio was 1 to 20, and the
temperature for the ultrasound method was set
to 45°C. About 3 grams of skin powder was
added in separate 125 ml bottles of reagent and
60 ml of solvent. The reagent bottles were
placed in the sonicator bath for 1 hour.
Filtration of the samples was done with the help
of Whatman No. 41 filter paper and
centrifugation (HB320, Brea, USA) was
performed for about 10-12 minutes at 5000
rpm. The solvent was evaporated under a
vacuum of 140 mbar and a temperature of 45 °C
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until drying. The extracts were collected in
amber colored glass bottles and refrigerated at
4-6°C [18].

2-3 Drying of the extracted bioactive
compounds: The isolated bioactive compounds
of pomegranate peel (especially tannin) were
mixed in 250 ml of 70% ethanol by immersion
method. Then the resulting mixture was kept at
37°C for 4 days and was shaken manually. In
the next step, the ethanol extract was passed
through Whatman No. 4 filter paper. The
ethanol in the extract was removed by a rotary
evaporator (B-480, Flawil, Swiss) under
vacuum at a temperature of 35 °C. For the
additional drying process of the concentrated
extract, first the concentrated extract was mixed
with 75% maltodextrin. Then it was dried by a
freeze dryer (VACOS, ZIRBUS, Germany) at a
temperature of 40 °C and a pressure of 0.1 MPa.
Then, the dried extract was sealed in a dark
colored glass container and stored at -20°C until
the next experiments [19].

2-4 Production of chitosome microcapsules
containing bioactive cores (tannin - CLA):
with the aim of preventing the oxidation of
linoleic acid, different amounts of dried extract
(0, 200, 400, 600, 800, 1000, 1200, 1400, 1600,
1800 and 2000 mg/ml) was added to CLA. 10%
of linoleic acid was added to canola oil without
antioxidants. The rate of oxidation of CLA (by
the method of accelerated shelf-life test or
(ALST) in a fixed period of time (60 minutes))
was monitored through the peroxide index,
until the optimal amount (That is, the
concentration that has the highest level of
inhibition of linoleic acid oxidation) natural
antioxidants of the dried biological extract was
determined [19]. Finally, chitosomes were
produced using thermal method. For this
purpose, powdered soybean lecithin was first
dissolved in ethanol solvent (1% by
weight/volume). In the next step, in the rotary
evaporator under vacuum, the solvent was
removed until a thin layer (formation of multi-
layer lipid liposome vesicle) was created at the
bottom of the balloon. Then the balloon was
placed in a desiccator to separate the remaining
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solvent. In edema, using a magnetic heater
(MS300H, Glassco, Netherlands), the lipid
layer formed in phosphate buffer containing
bioactive = compounds  was  dissolved.
Ultrasound treatment was performed at 90%
range for 10 minutes [20].

2-5 Preparation of a useful energy drink: First,
the components of the basic formulation were
prepared. The components used in the
production of the drink include the following:
sodium citrate (0.045%), potassium sorbate
(0.003%), sodium benzoate (0.005%), Tutti
frutti flavoring (0.02%), Natural caramel color
(0.02 percent), vitamin B1 (0.002 percent),
vitamin B2 (0.014 percent), vitamin B5 (0.0002
percent), vitamin B6 (0.0004 percent), sucrose
(7.7 percent) 8 percent), citric acid (0.55
percent), maltodextrin (0.06 percent), gum
Arabic (0.05 percent), taurine (0.037 percent),
glucuronolactone (0.025 percent), caffeine
(0.03 0.0%), the rest of the formulation is made
up of water. In order to produce a drink
containing chitosome microcapsules, 75.5
grams of chitosome was added to the volume of
250 ml of the base formulation [21].

2-6 Chitosome tests

2-6-1 Determination of peroxide index: The
amount of 5 grams of each sample of linoleic
acid along with the dried biological extract was
completely mixed in a 5 ml beaker with 0.2
grams of heptadecanoic acid - which was added
as an internal standard. 20 mg of each mixture
sample was oxidized in the vicinity of air under
continuous stirring at 50 degrees Celsius in 0,
12, 14, 16, 18, 20, 22, 28, 35, 44 and 48 hours,
respectively. To determine the peroxide of the
samples, 5 grams of the prepared sample was
weighed in a 250 ml Erlenmeyer flask and 30
ml of solvent (a mixture of acetic acid and
chloroform) was added to it. Then about 0.5 ml
of potassium iodide was added to it. The
mixture was allowed to stand for one minute
and stirred occasionally. Then about 30 ml of
distilled water was added to it and the mixture
was allowed to stand still for one minute and a
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few drops of starch glue were added to the
solution and titrated with 0.1 normal thiosulfate
solution. When the color of the sample reached
a transparent state, the titration was stopped and
the peroxide number was calculated in terms of
milliequivalents per kilogram through formula
1[22]:

Proxied Value = (100*N*V2)/V1

where: N: Normality of thiosulfate/ V1: Consumption
titration volume/ V2: Sample volume

2-6-2-Analysis test of functional groups (bond
formation) with FTIR: Functional groups were
determined by FTIR spectroscopy at a
wavelength of 400-4000 cm™ using an FTIR
device (IRSprit, Shimadzu, Japan). In order to
investigate the creation of electrostatic
interactions between chitosan and liposome, as
well as to evaluate the encapsulation of
bioactive compounds, this device - that is, FTIR
infrared Fourier transform spectroscopy - was
used [20].

2-6-3 Morphology characteristics of the
produced  chitosome: The microscopic
structure of the optimally produced
microcapsule, its  monomorphism  or
polymorphism, and particle size were
investigated using a field emission scanning
electron microscope (EVO 15, ZEISS.
Germany) at 15 kW. For this purpose, a drop of
the prepared sample was poured on a laboratory
slide and dried for 1 hour at ambient
temperature, and then the sample was covered
with a gold layer using an ion sputtering device
to be observed under an electron microscope.
These steps were performed for uncoated AFM
testing. For this purpose, a drop of the prepared
sample was poured on a laboratory slide and
dried for 1 hour at ambient temperature, and
then the sample was covered with a gold layer
using an ion sputtering device to be observed
under an electron microscope. These steps were
performed for uncoated AFM testing. For TEM
test, a drop of the diluted sample (5 times with
7.4 phosphate buffer) was placed on a copper
grid containing a protective film. The sample
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was stained with phosphotungstic acid for 5
minutes. Then the excess liquid was removed
using filter paper and after drying the mesh, the
sample was examined by TEM [20].

2-7- Energy drink tests

2-7-1 pH and acidity test: The pH of the
samples was tested with the help of a pH meter
at ambient temperature and acidity by titration
method with 0.1 normal sodium hydroxide until
the appearance of a stable pale pink color [23].

2-7-2 Turbidity test: To evaluate the turbidity,
first, in order to equalize the concentration of
the extract, the dry substance concentration of
the final extract was diluted to the level of (4.3
mg/l). The amount of turbidity change after 24
hours was measured by spectrophotometric
method (SpectroDirect, Lovibond, Germany)
by measuring the amount of light absorption at
the wavelength of 800 nm [20].

2-7-3 Color test: The color indices of the energy
efficient samples were determined using a
colorimeter (Hunter Lab, Colorflex EZ, USA)
and indices like L*(Transparency-darkness
index), a* (redness-greenness index) and b*
(yellow-blue index) [22].

2-7-4 Viscosity test: The rheological properties
of the useful energy drink were investigated
using a capillary flow viscometer (YR-1,
Brookfield, USA) at a temperature of 5 degrees
Celsius. The time required for a standard
volume of fluid to pass through a capillary tube
of known length is measured. The viscosity of
drinks was determined in the temperature range
of 30 to 80 degrees Celsius with temperature
intervals of 10 degrees Celsius. The reference
fluid used in this study was distilled water [20].

2-7-5 Bypassing test: To check the degree of
bypassing, the samples of energy drinks were
poured into 50 ml flasks. And they were kept at
a temperature of 4 °C for 30 days. In order to
calculate the amount of bypassing of the
samples, the amount of the upper phase was
measured by a ruler and divided by the total
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amount of useful energy drink contained in the
tube and multiplied by 100 [24].

2-7-6 Total phenol test: First, a standard
solution of dried biological extract
(concentration 10 mg/g) was prepared in
methanol (purity 96%) at room temperature.
Then, a 10 ml Falcon tube was used to mix 0.75
ml of the dried biological extract solution with
0.75 ml of Folin-Ciocalteu reagent. The
resulting mixture was stirred in a 25 °C water
bath (including a reciprocating shaker at 250
rpm). For 30 seconds after resting for 3 minutes,
0.75 ml of sodium carbonate (Na,CO; with
20% concentration) was added to each sample
and its volume was adjusted to 10 ml by adding
distilled water. In the next step, each tube of the
sample was stirred again at the same time and
kept in a dark warehouse at 25°C for 1 hour.
Then, the absorbance of the test sample and the
resulting white (contains 0.75 ml of distilled
water, 0.75 ml of Folin-Ciocalteu reagent and
0.75 ml of 20% Na,COs3) was measured by a
spectrophotometer (Spectro Direct, Lovibond,
Germany) at 725 nm. The total phenol of each
sample was obtained from the standard curve of
gallic acid (drawn from 25, 50 to 100 pg/g) and
expressed as mg GAE (gallic acid equivalent)/g
dry matter of the dried biological extract [25].

2-8 Statistical analysis: All data analysis of this
research was done using SAS software version
9/4. Also, one-way ANOVA and Tukey's test
were used to check the difference between the
samples.

3-Results and discussion

3-1 Oxidative stability of CLA

The results of oxidative stability of CLA
containing  different  concentrations  of
pomegranate biological extract are shown in
Figure 1. The results showed a significant effect
of different concentrations of the extract on the
oxidative stability of the sample (p<0.05). As
expected, the highest peroxide index (that is,
the lowest oxidative stability) was observed in
the sample without pomegranate biological
extract (p<0.05). The addition of extracts
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decreased the peroxide index (that is, increased
oxidative stability) of the samples (p<0.05).
Studies have shown that CLA is generally very
unstable in air. The stability results of CLA
isomers are at least partly determined by their
cis or trans configuration, not by the position of
their double bonds. Because the cis double bond
is chemically more unstable than the trans
double bond. because the former has a higher
free energy level and is more vulnerable to
oxygen attack [26]. Pomegranate skin is a
valuable raw material due to its chemical
compounds and biological activities. It contains
various  phenolic compounds such as
anthocyanins, gallotannins, hydroxycinnamic
acids, hydroxybenzoic acids, ellagitannins and
galagyl esters. These phenolic compounds are
responsible for various biological activities of
pomegranate skin such as anti-mutagenic,
antioxidant, antimicrobial and apoptosis [27].
The addition of frozen pomegranate bio-extract
decreased the peroxide index (i.e., increased
oxidative stability) of the samples. This
decreasing trend was more significant with
increasing concentration of pomegranate
extract. This can be attributed to the presence of
phenolic compounds in pomegranate extract.
And with the increase of the added extract, the
concentration of  phenolic = compounds
increases. There is a positive correlation
between total phenolic compounds and
antiradical activity [28]. It should be noted that
from the concentration of 1400 ppm and above,
no statistically significant difference was
observed in the biological extract of
pomegranate in terms of oxidative stability. The
reason for this can be due to the peroxidation
effect of frozen pomegranate biological extract
[29]. They also introduced the presence of CLA
in pomegranate extract as an antioxidant agent.
However, studies have shown that, like
phenolic antioxidants, CLA can easily donate
an electron or a hydrogen due to resonance
displacement. But unlike phenolic antioxidants,
its intermediate free radical may not be stable.
and exposed to further oxidative degradation. In
fact, it has been shown that CLA is rapidly
degraded to form furan fatty acids [30].
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Carvalho Filho (2014), also introduced the
presence of CLA in pomegranate extract as an
antioxidant agent [31]. However, studies have
shown that, like phenolic antioxidants, CLA can
easily donate an electron or a hydrogen due to
resonance displacement. However, unlike
phenolic antioxidants, its free radical
intermediate may not be stable and may be
subjected to more oxidative degradation. In
fact, it has been shown that CLA is rapidly
degraded to form furan fatty acids [32].

Shayanmehr et al. (2021) reported that the
optimal conditions for the production process of
CLA isomers with high stability are: solvent
concentration 6.74 ml, reaction temperature
100 °C and reaction time 140 minutes. In
optimal conditions, the amounts of trans10-
cis12 and cis9-trans11 isomers were 8.44% and
7.62%, respectively [33].
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Fig 1. Results of linoleic acid peroxide index containing frozen pomegranate biological extract.

3-2 Analysis of functional groups (bond
formation) with FTIR

In FTIR spectroscopy, the energies of infrared
rays coincide with the vibrational energies of
molecules, and this adaptation causes the
absorption of electromagnetic radiation energy
by the sample. Therefore, by changing the
frequency of the radiation in a specific range
(infrared), a spectrum is obtained whose
transmission value is reduced in some
wavelengths, or in other words, it is absorbed
by the molecules of matter. Therefore, by
examining the absorption frequency of each
spectrum, it is possible to understand the bonds
in that material. The studies of Shahmoradi et
al. (2023), Nandiyanto et al. (2019), Jung et al.
(2018) and Gholizadeh et al. In the FTIR
spectrum of chitosan sample (Figure 2-a), the
peak created at 3361 cm™ wave number is
related to stretching vibrations of O-H and N-H
bonds in hydroxyl and amide structures. The
peak placed in the wave number cm 1646 and
cm™ 1612 is related to the bending vibrations of
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these links. The peak corresponding to C-H
stretching and bending vibration is located at
2884 cm? and 1395 cm? wave number,
respectively. Also, the peaks appearing in the
wave numbers of 1163 cm™ and 1041 cm™* are
related to the stretching vibrations of C-N and
C-O bonds, respectively. The shape of the FTIR
spectrum related to the pomegranate sample
(Figure 2-b), showed that in the FTIR spectrum
related to the pomegranate sample, the peak that
appeared at the wave number cm? 3454 is
related to the stretching vibrations of the O-H
bond and the peaks that appeared at the wave
number 2983 cm™ and 2899 cm™ are related to
the asymmetric and symmetric stretching
vibrations of the C-H bond in the aliphatic
structure of the substance, respectively. The
peaks related to the vibrations of alkene,
carbonyl and lactone groups are located at 2508
cm?, 2406 cm-1 and 1838 cm™ wave numbers,
respectively. Also, the peaks appearing in the
wave numbers of 1713 cm™ and 1527 cm-1 are
attributed to the stretching vibrations of C=0
and C=C hbonds, respectively. The peaks
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appearing in the wave numbers of 1713 cm™
and 1527 cm™® are attributed to the stretching
vibrations of C=0O and C=C bonds,
respectively. The peaks appearing in the wave
number of 1145 cm™ and 954 cm are attributed
to the stretching vibrations of C-OH and C-O-
C bonds, respectively. Figure 2-c and Figure 2-
d showed that in the spectrum related to CLA,
the peaks are located in the wave number of
about 3500 cm™ and 1617 cm™. And in the
spectrum related to the sample of pomegranate
bioactive compounds, the peaks located in the
wave number of 3498 cm™ and 1692 cm™ are
again respectively related to the stretching
vibrations of the O-H bond in the hydroxyl
structure and the stretching vibration of the
C=0 bond in the carboxyl structure of linolenic
acid. Also, the peaks located at 2876 cm™ and
2813 cm* wavenumbers in the CLA sample and
the peak located at 3018 cm? in the
pomegranate bioactive sample are respectively
related to the asymmetric and symmetric
stretching vibrations of C-H bonds and the
bending vibration of the C=C bond in the
aliphatic structure of this acid. the peaks placed
in the wave number of 1336 cm™ and 1352 cm’
! respectively in the spectra related to the
sample of CLA and pomegranate bioactive are
related to the bending vibration of the C-H
bond. The peaks placed in the wave number of
1107 cm? and 1159 cm™ respectively in the
spectra of CLA sample and pomegranate
bioactive are related to the stretching vibration
of the C-OH bond. The peaks located in the
wavelengths of 680 cm™ and 805 cm™ in the
CLA sample as well as 693 cm™ and 794 cm'?
in the pomegranate bioactive sample are also
common in both samples and are related to
Rocking vibration and Wagging vibration of C-
H bonds in the aliphatic structure of this fatty
acid. Therefore, the presence of these
commonalities in both spectra indicates the
successful interaction of linoleic acid with
pomegranate bioactive compounds. FTIR test
was used to check the accuracy of chitosome
formation. It was observed that in the FTIR
spectrum of the chitosome sample (Figure 2-e),
the peak appearing at the wave number cm
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3464 is related to the stretching vibration of the
O-H and N-H bonds, which are present in the
structure of chitosan and active zeit compounds
in pomegranate. The peaks appearing in the
wave number of 2945 cm™ and 2840 cm™ are
respectively related to the asymmetric and
symmetric stretching vibrations of the C-H
bond in the aliphatic structure of linolenic acid
and other structures in pomegranate active oil
and chitosan. The peaks related to the vibrations
of alkene, carbonyl and carboxyl groups are
located at 2505 cm-1, 2391 cm™ and 1764 cmr
! respectively, which were also observed in the
pomegranate spectrum. The peaks placed in the
wave number of 1629 cm™ and 1515 cm-1 are
related to the bending vibrations of the O-H and
N-H bonds in the chitosan structure,
respectively. Also, the peaks located at the
wave number of 1071 cm™ and 896 cm™ are
respectively related to the stretching vibration
of the C-O bond and the dancing vibrations of
the C-H bond, which are present in the
structures of linolenic acid and tannin in
pomegranate  bioactive.  Therefore, the
existence of structures in pomegranate
bioactive along with chitosan in this composite
can be proved.

3-3 Morphological features

The morphology of dried extract of
pomegranate peel by sublimation method
(Figure 3) showed that the use of ultrasonic
waves caused the formation of small particles
in nanometer size (between 48.581 and 62.214
nm). Also, the glass-like amorphous shape is
characteristic of the freeze dryer, it was
observed on the surface of the extracts. Freeze-
dried pomegranate biowaste extracts showed
flaky forms with smooth surfaces. The results
of Febriyenti et al. (2014) also showed that the
freeze-dried Haruan extract had a smooth
surface and flaky amorphous areas [38]. The
morphology of the final chitosome produced is
shown in Figure 4. It showed the presence of
almost spherical particles with nanometer size
(77.66 and 79.90 nm). Also, the uniformity
observed in the size of the particles confirms the
proper distribution of the size of the particles.
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Also, integrity was observed in nanocarrier
systems, without phase separation,
accumulation in nanocarriers, and the results
showed that the shape of nanochitosomes was
irregular, which could be related to the presence
of chitosan absorbed on the surface of bioactive
compounds. In addition, free chitosan may form
aggregates during the drying process. Free
chitosan can create a dynamic equilibrium
between the "aggregated form" of the
biopolymer and its "adsorbed form" around the
bioactive compounds. In fact, chitosan self-
aggregates. Therefore, when diluted in aqueous
solution, it forms nanoparticles and

microparticles, and its aggregation process
strongly depends on the molecular weight of
chitosan and the degree of acetylation [39]. The
obtained results were consistent with the results
of Nerli et al. (2023). During the investigation
of the morphology of chitosomes coated with
chitosan, they reported the spherical and
homogeneous shape of chitosans and their
nanometer size [40]. Hashemi et al. (2020)
showed that chitosomes containing linoleic acid
reported a small size of spherical and
homogeneous particles with a smooth surface
[41].
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Energy drinks are drinks that, apart from
calories, contain caffeine with other potential
energy-increasing compounds such as plant
extracts and B group vitamins. Studies have
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shown that pH plays an important role in
efficient production, quality control, growth of
microorganisms and shelf life of products
because it can directly affect the sensory
characteristics of beverages [42]. Table 1 shows
the pH and acidity of energy drinks. According
to the results, the addition of produced
chitosomes caused a significant increase in the
pH (or a significant decrease in acidity) of the
drinks compared to the control sample.
However, during 45 days of storage, a
significant decrease in pH (or a significant
increase in acidity) was reported in the two
investigated groups. Studies have shown that
the decrease in pH in energy drink samples can

be due to the formation of acidic products
resulting from the Maillard reaction and
microbial growth during storage [43]. The
lower pH (higher acidity) of the samples
enriched with chitosomes can be attributed to
the acidity of linoleic acid and pomegranate
extract. which can be attributed to the increase
in the release of hydrogen ions during long-
term storage [44]. Fikry et al. (2023), also
showed the similar trend of this study [42].
Selahvarzi et al. (2021) also showed that
pomegranate seed extract in caffeinated drinks
decreased the pH and increased the acidity of
the drinks [45].

Table 1. The results of the physicochemical characteristics of the functional energy drink during 45 days

parameter Treatment Shelf-life (Day)
1Day 45 Day
PH Control 3.81 £0.00 A2 3.45+0.00 Bb
Contain chitosome 3.30 £0.00 AP 3.51+£0.03 B2
Acidity Control 0.55 +0.00 Ba 0.71 £ 0.00 A2
Contain chitosome 0.50 £ 0.00 Bv 0.69 £0.01 Ab

*Different lowercase letters indicate significant differences between treatments (p<0.05).
*Different capital letters indicate significant differences between days (p<0.05).

3-5-2 Turbidity

One of the most important effective factors in
the use of colloidal nanocarriers for the
enrichment of all kinds of food and especially
clear drinks is to check the turbidity of the
nanocarrier. The turbidity is determined by the
amount of light scattered by the particles in the
suspension medium and depends on the nature,
number, colloidal size of the particles in the
liquid phase and the difference in the reflection
coefficient of the particles and the suspension
medium and the size distribution of the particles
[46]. The results of the turbidity of energy
drinks showed (Figure 5) that the addition of
chitosome in the drinks caused a significant
increase in the turbidity compared to the control
sample. Also, a significant increase in turbidity
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was observed in these samples during 45 days
of storage. This increase in turbidity can be due
to the release of compounds from the chitosome
structure. This means that chitosan is an
efficient  coagulant/coagulant agent for
clarifying beverages [47]. In this regard,
Mokhtarian et al showed that caffeine-

polyphenol interaction is a main factor in the
formation of green tea cream, which is
associated with increasing the appearance of
cloudiness in the extract [19]. Keshksera et al.
(2023) during the study of the production of
practical drinks based on the bioactive
compounds of green tea and green coffee
intertwined in the chitosome structure also
showed similar results to this research [25].
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Fig 5. The results turbidity in the energy drink during 45 days
*Different lowercase letters indicate significant differences between treatments (p<0.05).
*Different capital letters indicate significant differences between days (p<0.05).

3-5-2 Viscosity

The results of the viscosity of energy drinks
(Figure 6) showed that the addition of
chitosomes significantly increased the
viscosity of the drinks in the energy drink
sample during storage. This increase in
viscosity can be caused by the leakage of
chitosomes in drinks during storage. This is
probably due to the presence of carboxyl
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groups that produce negative charges, which
leads to electrostatic repulsion between chains,
which is manifested in the increase in the
viscosity of the drink [42]. Zindabudi et al.
(2019) showed similar results during the
production of an energy drink containing
xanthan hydrocolloid and date extract [49].
Elkot et al. (2024) also showed an increase in
the viscosity of sports energy drink enriched
with Spirulina platentis rose [50].

B control E contain chitosome

[Tt )

£0 55,

shelf-life (Day)

Fig 6. The results viscosity in the energy drink during 45 days
*Different lowercase letters indicate significant differences between treatments (p<0.05).
*Different capital letters indicate significant differences between days (p<0.05).

3-5-3 Two phases

The results of the Two-phase rate of energy
drinks (Figure 7) showed that the addition of
produced chitosome caused a significant
increase in the Two-phase rate of the drinks
compared to the control sample. While no Two-
phase rate was observed in the control samples.
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The results show the instability of chitosomes
over time. These results can be explained as a
consequence of sonication of liposomes that
had been dried in the absence of a lyophilizer,
thus creating weak structures that fragmented
over time as a result of aggregation and fusion
of destabilized vesicles [51]. Studies have
shown that the surface coating of
nanoliposomes is one of the efficient solutions
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to improve the stability of nanoliposomes and
increase the residence time of compounds
enclosed inside nanocarriers, which is of great
interest to increase the quality of formulated
food products. Katouzian et al. (2021) reported
that the reason for the decrease in the stability
of liposomes is the extract loaded into
chitosomes, which may help the Ostwald
process, in which the hydroxyl groups in the
extract are changed to groups containing O with
a negative charge, and in turn, they form
hydrogen ions. It connects with positively
charged groups, the head part of phospholipids,
and leads to Ostwald ripening process. A
possible explanation for the enhanced stability
may be the formation of a positively charged
barrier by chitosan on the nanoliposomes,
which increases both the oxidative stability and
the physical stability of the network. This fact
limits the formation of free radicals and thus
prevents the degradation of phospholipids.

3.5

2.5

Two phase (%)

1.5

0.5

Another reason for the instability of chitosomes
can be attributed to the size of the obtained
nanoparticles. During the formation of
nanoparticles with a small diameter, it leads to
the formation of a relatively homogeneous
network. As a result, the increase in stability can
be attributed to the electrostatic repulsion
between positively charged chitosomes and the
low tendency of nanoparticles to precipitate -
due to the decrease in their molecular weight
[52]. Peng et al. (2018) also showed that when
nanocarriers are used in food and beverages,
they may stimulate interference reactions
between food components. In addition, leakage
of core materials and also accumulation can
occur during storage time and cause a decrease
in the quality of the food matrix [53].

Ab

Shelf-life (day)

Fig 7. The results of two phase in the energy drink during 45 days
*Different lowercase letters indicate significant differences between treatments (p<0.05).
*Different capital letters indicate significant differences between days (p<0.05).

3-6 Color

Color index is one of the most important
parameters in product acceptance by
consumers. The results of the brightness index
of the energy drink samples (Table 2) showed a
decrease in the brightness of the samples with
the addition of chitosome, which could be due
to the yellow color of soy lecithin used in these
products. This decrease in brightness index over
time can be due to temperature and ambient
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light, which usually flavonoids destroy the
components related to the color of the drink.
The increase in the redness index can be due to
the color of the pomegranate peel extract - as a
substance that affects the color of the drink, i.e.,
the anthocyanins of the extract. This can be
explained by their inhibitory effect on enzymes,
especially on O-diphenol oxidase [54]. Also,
the results showed that during 45 days of
storage, the color changes were significantly
higher in the energy drink sample containing
chitosome. Sami et al. (2021) also showed
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similar results when adding pomegranate peel
extract to milk color [54]. An increase in the

yellowness of ultra-beneficial energy drinks
during 45 days of storage was also observed.

Table 2. The results of the color value of the functional energy drink during 45 days

parameter Treatment

Shelf-life (Day)

1Day

45 Day

L Control
Contain chitosome

54.43 £0.2542
52.54+£0.324b

53.89+£0.16 B2
51.38+0.05 ABa

¥ Control 14.88 +0.02 Ba 15.12+£0.09 A2
Contain chitosome 13.10£0.07 B> 15.469 £+ 0.30 AP

- Control 16.56 +0.04 B2 17.04 £0.10 AP
Contain chitosome 15.77 £0.04 B® 17.70 £0.23 A2

AE Control 0.00 + 0.00 B2 0.75+£0.27 Ab
Contain chitosome 0.00 £ 0.00 B® 3.26 £0.38 A2

*Different lowercase letters indicate significant differences between treatments (p<0.05).
*Different capital letters indicate significant differences between days (p<0.05).

3-7 Total phenol

Bioactive compounds (including carotenoids,
essential oils, antioxidants or flavors) are a
group of chemicals with health-giving,
medicinal and nutritional properties, which are
widely used in food products in order to
improve sensory characteristics or develop
pharmaceutical properties [55]. According to
the results presented in Figure 8, the storage
time and temperature had a significant effect on
the phenol content of the samples. The highest
amount of total phenolic compounds
(corresponding to the highest release rate of
phenolic compounds) in the beverage
environment was observed in beverages stored
at 45°C during 45 days of storage. This is
probably due to the decrease in the resistance of
the cytosome wall (corresponding to the
decrease in membrane fluidity) and as a result
the release of phenolic compounds [20]. Also,
the results of the total content of the beverage
samples stored at 5 and 25 °C showed the
lowest phenolic content in the sample stored at
5 °C and after that in the samples stored at 25
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°C. became. Also, the results showed that the
phenolic content decreased during 45 days of
storage in all investigated groups. This state is
probably due to the destruction of polyphenolic
compounds released in the drinking
environment and the destructive effects of
environmental storage conditions [58]. In line
with the obtained results, Seyedabadi et al.
(2021), while investigating the amount of
caffeine release at 37°C from chitosome in the
simulated environment of juice, showed that the
sudden release of caffeine from the structure of
schistosome in the simulated environment of
juice, it is due to the swelling of the structure
caused by the penetration of the simulating
environment and the subsequent release of
caffeine on the surface of the nanoparticles
[20]. Also, Liu et al. (2017) investigated the
release of chitosan nanoparticles containing tea
polyphenols mixed with gelatin film in 50%
and 95% ethanol fat simulating environments.
They showed that the release of polyphenolic
compounds in 50% environment was faster than
in 95% environment due to the doubling of the
diffusion coefficient [59].



Iranian Journal of Food Sciences and Industries,

No. 158, Volume 22, April 2025

120

100 Aa

80

e
O

T
GRE s

T
i

L

‘"
S

60

T

i

e
T

i

T
S

s

phenol (ppm)

i

TR
T

i

40 "AB

T
e

T
S

L

‘"
S

i

i
5

20

T

i

7

g

B

T

]
g

i
|

,‘
i
T
2
=T
S

—

An
S
T

S

s
Bl

e
i
T
S
=TT
S

R R R R R L L L L L LA T e Ty

e

T
-
B
=

7
=
&
=
H

&
e,

BDay 1 ODay 9 @ Day 18
BaDay 27 Day 36 @ Day 45

=

)

i

s

&
it

S
ittt

s,

ety
it

D

ety
it

R

R

it
et

st

B
S

st

S

Ak
e
T

e

S

st

bt
——0

ety

et
ettty

R
AT
B e R

R

it
et

st

!
HEE

S

erorerm
£

S

b
5
b
5
£
bt
%
5
%
5
%
5
%
5
%
5
%
5
%
5
%
5
%
5
%
5
%
5
%
5
%
5
%
5
%
5
%
5
%

R R P ]

T
S
=
z

ik

,.
s

i
T
et

e e e

i
e
i

o

.,.
it
E
o
o

i}

bk
bt

by
&
5

T4 T5 T6

Shelf - life (Day)

Fig 9. The results of phenol in the energy drink during 45 days
*T1: control sample kept at 5°C/ T1 sample containing chitosome kept at 5°C/ T3: control sample kept at 25°C/ T4: sample containing chitosome kept at a
temperature of 25°C/T5: control sample kept at a temperature of 45°C/T6: a sample containing chitosome kept at a temperature of 45°C
*Different lowercase letters indicate significant differences between treatments (p<0.05).
*Different capital letters indicate significant differences between days (p<0.05).

4- Conclusions

In this research, the energy drink contains
microparticles of chitosome intertwined with
bioactive tannin-CLA compounds. Oxidative
resistance of linoleic acid, functional groups
with FTIR spectroscopy, X-ray diffraction of
chitosomes and their morphology were
investigated. Finally, the physicochemical
characteristics(pH, acidity, turbidity, biphasing
and viscosity) and color index (L*, a* and b*)
and phenol content of all beverages were
monitored at 5 and 25 °C during 45 days of
storage. The qualitative evaluation of the
optimal chitosome microcapsule and the
presence of similarities in the FTIR spectra
indicated the successful coating of bioactive
tannin-linoleic acid in chitosan. Morphological
examination of the frozen extract of
pomegranate biological waste extracted with
the help of ultrasonic waves showed the
formation of small particles in nanometer size

(between 48.58 and 62.214 nm) similar to glass.
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Also, the presence of almost spherical chitosan
particles with nanometer size (77.66 to 79.90
nm) was uniformly observed, so the size of the
particles confirms the proper distribution of the
particle size. During the review of the results of
ultra-beneficial energy drinks, a significant
increase in pH (or a significant decrease in
acidity) was observed with the addition of nano
chitosomes, a significant increase in viscosity
and turbidity in ultra-beneficial energy drinks.
Also, the instability of chitosomes during the
storage period showed a significant increase in
biphasing of drinks. A significant decrease in
brightness, a significant increase in the redness
and yellowness index of beverages containing
nanochitosomes, and a significant increase in
the phenolic content of enriched energy drinks
were observed. Therefore, nanochitosomes
containing tannin-CLA can be a potential
release system for bioactive molecules as food
supplements and increase food safety.
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