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Abstract

Pomegranate seed oil (PSO) is a well-known source of valuable compounds. The aim of this study
was to investigate physicomechanical and structural properties of jelly candy enriched with PSO
encapsulated in chitosan (CS)-capric acid (CA) nanogel incorporating thyme essentioal oil (TEO). For
this purpose, initially the CS-CA nanogels were produced by creating amide bondes between CS and
CA, which Scanning Electron Microscope (SEM) image showed the spherical form of CS-CA
nanogels. Then, PSO-in-water Pickering emulsions were stabilized with the CS-CA nanogels as well
as the CS-CA nanogels incorporating TEO. The results showed that the presence of TEO in the
nanogel structure caused smaller oil droplets. Then, Pickering emulsions were used in the formulation
of jelly candy and subsequently the microscopic structure, texture profile analysis (TPA) and color
indexes of jelly candies were studied. The use of PSO in the encapsulated form reduced the separation
of the PSO from the texture of the jelly candy. The results of TPA showed that although the samples
containing PSO in the encapsulated form had lower hardness (156.6-173.4 N), gumminess (202.2-
262.1 N), cohesiveness (1.3-1.5%), resilience (40.2-54.7 N.s) and adhesiveness (0.29-0.4 N.s) than the
control (250.3 N, 627.9 N, 2.14%, 160.7 N.s, 0.63 N.s), their springiness (0.92-0.93%) was higher
than the control (0.79%). Moreover, the color indexes showed that the samples containing PSO in the
encapsulated form changed the color indexes more than the control, which was more in the presence
of TEO.
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Introduction

In recent years, food consumers are
interested in foods that, in addition to having
essential nutrients, can improve health, and
prevent illnesses as well. Therefore, in Europe
and the US, the rate of growth in the
production and consumption of fortified foods
is increasing (Dias et al., 2015). Pomegranate,
scientifically named Punica granatum, is a
fruit with a high concentration of polyphenols
compared to other fruits. In addition,
pomegranate seed oil (PSO) is one of six
known vegetable oils rich in conjugated
linolenic fatty acid (CLnA) isomers, which are
recommended for preventing from cancer,
obesity, diabetes and heart disease. It should
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be noted that the addition of valuable oils such
as pomegranate seed oil to foods has many
challenges including their poor dispersion
because of low water solubility of these oils as
well as their oxidation and creating
unfavorable flavors due to their high
susceptibility to oxidation in processing and
storage conditions (Soleimanian et al., 2018;
Yekdane and Goli, 2019). Encapsulation and
the use of natural or synthetic antioxidants are
considered as effective ways to overcome the
former and the latter challenges, respectively
(Balasubramani et al., 2013). One of the most
common methods for encapsulating and
delivering bioactive compounds such as
pomegranate seed oil in the food and
pharmaceutical industries is the use of
emulsions (Lamba et al., 2015). Pickering
emulsion is an emulsion of any kind, oil-in-
water (O/W) or water-in-oil (W/QO), or even is
multiple that stabilized by solid particles
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(Jiang et al., 2019). In Pickering emulsions,
the particles tend to be irreversibly absorbed at
the droplet surface, which creates a physical
barrier against prooxidant. Other benefit of
Pickering is high resistance to coagulation
(McClements and Li, 2010). Nanotechnology
has introduced a major revolution in industry,
agriculture and other sciences, and draws a
very broad perspective to future for the
advancement of science. This technology has
created many capabilities in postharvest
processes of agriculture products (Mirzaee
Moghaddam et al., 2014). In the past decade, a
wide range of polysaccharide nanoparticles
have been investigated for the encapsulation of
bioactive compounds. Among the different
polysaccharides, chitosan (CS), which is
produced by deacetylation of chitin, has been
used frequently in recent years due to its high
biocompatibility. Much research has been
done in recent years on Pickering emulsions
stabilized by CS (Mwangi et al., 2016; Wang
et al., 2015). Previous studies have reported
that modifying the structure of CS with fatty
acids can increase the emulsifier property of
CS (Atarian et al., 2019; Hosseini et al.,
2019). Thyme with scientific name Thymus
vulgaris is an aromatic plant of Lamiaceae
family and has been considered as a medicinal
plant worldwide. According to researchers, the
main pharmacological effects of thyme
essential oil (TEO) are due to thymol and
carvacrol that are the most important bioactive
constituents of this plant (Pesavento et al.,
2015). Essential oils often have antibacterial,
antifungal, antiviral and antioxidant properties
(Rodriguez et al., 2011). However, previous
studies have shown that the essential oils, in
addition to the properties mentioned, can
contribute to the emulsifying activity. Chen et
al. showed that the combination of
cinnamaldehyde, which is a hydrophobic
aromatic aldehyde, with CS can increase the
emulsifier properties of CS (Chen et al., 2017).
Developing new foods enriched with bioactive
compounds is an interesting marketing
strategy for the industry, especially for
products such as jelly candy that need to be
merged with health revisions. This product is

consumed by a large and heterogeneous group
of people from children to adults. For this
reason, jelly candy can be a good means of
delivering bioactive compounds such as PSO
to the diet of people (Moura et al., 2019).

Previous studies on the production of
Pickering emulsions using CS as well as
characterization of manufactured emulsions
have been performed. However, there has been
no study on the encapsulation of PSO using
CS nanoparticles containing TEO as well as
the effect of the encapsulated PSO on the
physicomechanical and structural properties of
jelly candy. It should be noted that a proper
understanding of the physicochemical and
textural properties of new formulations can
lead to better design of the devices required for
the process of these new formulations on an
industrial scale. Therefore, the aim of this
study was to investigate the effect of
encapsulated PSO by CS-CA nanogel
incoporating TEO on the physicomechanical
and textural properties of jelly candy.

Materials and Methods

Materials

PSO with 54% punicic acid from “Oil Seed”
Company (Iran-Karaj), TEO from ‘“Barijan
Essence” (Iran-Kashan), the major constituents
of which were included: Thymol (38.5%),
Carvacrol (35.1%), Para-cement (8.8%),
Gamma-terpene (2.5%) and Beta-
caryophyllene (2.2%), CS (90% deacetylated,
50-190 KbDa), CA, 1- Ethyl-3- (3-
dimethylamino propyl) carbodiimide, acetic
acid, sodium hydroxide, ethanol, Nile red and
fluorescein isothiocyanate (FITC) from Sigma-
Aldrich (Germany), gelatin from “Ghazvin
Gelatin Halal” company (Iran-Ghazvin), and
liquid glucose from “Orumiyeh Chi Chest
Glucose” (Iran- Orumiyeh) were obtained.
Preparation of CS-CA nanogels

CS-CA nanogels were prepared by creating
amide bonds between amine groups of CS and
carboxylic acid groups of CA with an EDC-
mediated reaction (Atarian et al., 2019). In
brief, 1 g of CS was first dissolved in 100 ml
of 1% (v/v) aqueous acetic acid. Then 100 mg
EDC was mixed with 500 mg CA and
dissolved in 5 ml ethanol subsequently the
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mixture of EDC and CA dropwise added to
the CS solution and shaked for 24 h at a dark
place. In continue, pH of the solution was
adjusted on 8.5-9.5 with 1M NaOH and
centrifuged for 5 min at 4000 rpm to
precipitate the CS-CA gels. After that, to
remove unreacted substances and EDC, the
precipitated CS-CA gels were washed three
times with ethanol and distilled water. Finally,
the CS-CA gels were dissolved in aqueous
acetic acid 1% (v/v) and sonicated (5 min, 20
kHz) using a probe type ultrasound (Behin
Tamin Ahura, Iran) to obtain the CS-CA
nanogels and subsequently filtered through a
0.2 pm filter to uniform the CS-CA nanogels
in terms of particle size.

Physicochemical and structural
characterization of CS-CA nanogels
Fourier transformation infrared (FTIR)

spectrometry analysis

To confirm the created amide bonde
between CS and CA, an FT/IR-430 Fourier
transform infrared spectrometer was used at 20
°C in the range of 500 to 4000 cm™. Before the
analysis, the dried CS-CA nanogels along with
the pure CS and CA were mixed with KBr
powder subsequently prepared compressed
tablets from them (Atarian et al., 2019). In
addition, place of testing was in Iran Polymer
and Petrochemical Institute.
Scanning electron microscopy (SEM) analysis

The SEM was wused to study the
morphology of CS-CA nanogels. For this
purpose, one droplet of the nanogel solution
was first poured on the glassy lam and dried at
ambient temperature. In the following, the
samples were coated with gold and analyzied
using the SEM (model KYKY-EM 3200,
Made in China) (Hosseini et al., 2019).
Preparation of PSO-in-water  Pickering
emulsions

PSO-in-water Pickering emulsions were
prepared according to the method of Atarian et
al. (2019) with some modification. Overall, 20
g PSO was first added dropwise to the CS-CA
nanogel solution (2% w/v) and the solution of
encapsulated TEO in the CS-CA nanogels
(TEO: CS-CA nanogel ratio of 1:4), latter was
prepared by the method of Hadian et al.
(2017), under agitation (600 rppm) with a

magnetic stirrer. Then, for better homogeneity
of the emulsion, the initial emulsions were
homogenized at 8000 rpm (IKA T10
basic, IKA Werke GmbH and Co., Germany)
for 2 min. Finally, the solution was sonicated
using a probe ultrasound (Behin Tamin Ahura,
Iran) for 2 min (on- and off-time pulse
durations of 10 and 5 s, respectively), with the
power of 600 W, and frequency of 20 kHz.
Average size of droplets

To measure the size of the oil droplets, after
30 minutes of emulsion preparation, one drop
of emulsion samples was first taken and gently
poured on a glassy lam. Then the image of oil
droplets was taken using a GX optical
microscope (Australia) equipped with a CCD
camera (CM TCAM3). Finally, Image) 1.52a
software was used to measure the mean of
droplets size (Xiao et al., 2016).
Confocal Laser Scanning Microscope (CLSM)

Confocal laser scanning microscope
(Heidelberg, Germany) was used to better
visualize the interface structure of oil droplets.
Prior to emulsion preparation, the CS-CA
nanogels were first reacted with FITC
(Hosseini et al., 2019). Subsequently,
Pickering emulsion was prepared according
the method mentioned in section of 2.4 using
the CS-CA nanogels bonded to FITC and PSO
stained with Nile red. In the following, one
droplet of the stained emulsion was poured on
a glassy lam. Finally, to obtain photos the laser
argon fluorescents at 532 nm for Nile red and
488 nm for FITC were used (Place of testing
in Sharif University of Technology).
Preparation of jelly candies

For preparing the different jelly candies, a
candy-based mixture formulation consisted of
20% gelatin, 50% distilled water, 10% sugar,
and 20% liquid glucose was first perpared in a
laboratory water bath at 70 °C. Then,
according to Table 1, the certain amount of
PSO, TEO, CS-CA nanogel and encapsulated
PSO were added to the specified candy-based
mixture and blended for 2 min to prepare a
unifom mixture. After that, imidiately, the
mixtures were moulded into a silicone mould
(80x20x50 mm) and kept for 1h in a fridge at
4°C. The jelly candies were then unmoulded
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and kept for two days at ambient temperature
in a desiccator containing saturated potassium
carbonate solution (Mohsenabadi et al., 2018).

Finally, the jelly candies were placed in plastic
bags and stored at +4°C.

Table 1- Different compounds of the jelly candies

TEO Distilled CS-CA PSO *

Sample (%) water (%0) nanogel (%) (%) Blended (%)
Control 0 10 0 0 90

2% PSO 0 8 0 2 90

2% PSO + 0.1% nanogel 0 7.9 0.1 2 90

2% PSO + 0.1%

nanogel+0.05% TEO 0.05 .85 01 2 90
0.1% nanogel 0 9.9 0.1 0 90
0.05% TEO 0.05 9.95 0 0 90

* Glucose (20%) + Gelatin (20%) + Sugar (10%) + Distilled water (50%)

Physicomechanical and structural properties of
jelly candies
Microscopic structure

To study the effect of storage on the
microstructure of different jelly candies,
firstly, 3 and 48 h after preparing the samples,
a thin layer from each sample was prepared
and, then, analyzed with a GX optical
microscope (Australia) equipped with a CCD
camera (CM TCAM3).
Physicomechanical properties
Texture Profile Analysis (TPA)

In this study, the texture profile analysis
(TPA) of jelly candies was carried out using a

Iran). For this purpose, first, from each sample
a piece with the dimensions of 20x10x10 mm
was prepared. Then, the samples were
analyzed with two cycles of loading and
unloading, using a cylindrical probe with
diameter of 60 mm, speed of 60 mm min™ and
displacement length's 80% of the initial height.
Finally, the time-force curves for each sample
was plotted, and by using these curves (Figure
1), the texture properties namely hardness,
cohesiveness, springiness, resilience,
adhesiveness, and gumminess determined
(Caine et al., 2003). It should note that six

. i ; ; replication r nsider for h
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Fig.1. Typical force-by-time plot through two cycles of penetration to determin texture profile
analysis parameters. Peak force is hardness; cohesiveness= Area2/Areal,;
springiness=Length2/Lengthl; resilience= (Areal-Area2)/2; gumminess= Hardnessxcohesiveness;
adhesiveness= Area 3 (Caine et al., 2003).

Color evaluation

In order to measure the color indices of
difftent jelly candies, three pieces were first
selected from each treatment randomly and

each piece separately analyzed using a
colorimeter (Minoltachroma meter CR-400
KON, Japan, illuminant Dgs, observer angle
0°). The colorimeter was calibrated with a
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white standard plate. The color indices
obtained from the colorimeter were L*, a* and
b* that respectively represent brightness,
redness and yellowness. Finally according to
the equations (1), (2) and (3), chroma (color
concentration), hue angle (color intensity) and
total color difference (AE) were calculated for

each sample, respectively (Mirzaee
Moghaddam et al., 2014).

T =@ ) (1)
H° = ArcTan(%) (2)

AE = (L, —L) + (8 -a) +(b,—b) ()
Statistical analysis

All experiments except for SEM, CLSM
and FTIR were performed in at least three
replications. Mean and standard deviation
(SD) were calculated using Microsoft Excel
2016 software. One-way ANOVA and
Duncan's Multiple Range Test were used to
compare differences at the 5% level with SPSS
21 software.

Results and Discussion

Characterization of CS-CA nanogels
FTIR analysis

In the first step of this study, the nanogels
were prepared by self-assemble method using
modified CS with CA. In order to modify of
the CS, some of the free amine groups of CS
were attached to the carboxylic acid groups of
capric acid by using the EDC intermediate.
The spectrums obtained by the FT-IR
spectrometer were used to confirm the
connection between the CS and CA. Figure 2
shows the FT-IR spectrums of CS, CA and
CS-CA nanogel From Figure 2 -a related to
CS, a peak in the 3400-3500 cm™ range, which
related to the hydroxyl groups of CS, is
observed. In addition, at 2875 cm™, the peak is
related to the stretching V|brat|0n of the CH;
bands. At 2137 and 11656 cm™, the peaks
corresponding to the stretching V|brations of
the N-C and N-H groups of CS amide (non-
acetylated amine groups) are observed
respectlvely Moreover, the peak at 1454 cm™
is related to the C-H vibrations in the sugar

rings (Hadian et al., 2017; Sabaa et al., 2015).
Figure 2-b dlsplays the spectrum of CA that
the peaks at 2918 and 2849 cm™ are related to
the C-H stretching vibrations of the CH2
groups. In addition, the peak at 1704 cm™
related to the C=0 stretching vibration of the
carboxyllc acid group. Moreover, the peak at
1476 cm™ is related to the C-H bending
vibration of the CH, and CHgs groups. The
peaks at 936 and 687 cm™ are also related to
the O-H and C-H bending vibration of the
carboxylic acid groups, respectively (Larkin,
2011). Figure 2-c shows the spectrum of CS-
CA nanogel. The peak at region 1629 cm™
due to the vibrations of the amide groups of
the acetylated amines (Rao et al., 2012) as
well as the new amide bonds formed by the
couplrng between CS and CA. The peak at
region 1527 cm™ is related to the N-H
vibration of the second type amide group
(Wang et al., 2003), which may be due to the
formation of amide bonds between CS and
CA. In the nanogel spectrum, a peak is seen in
region 1704, which also is seen in the CA
spectrum (related to C=0 stretching vibration).
This peak indicates that a number of
carboxylic acid groups of CA have been
bonded to the CS chain by electrostatic
interactions. These findings are in agreement
with the results reported in previous studies
(Atarian et al., 2019; Hosseini et al., 2019).
SEM analysis

Figure 3-a shows the SEM image of CS-CA
nanogels. As can be seen in Figure 3-a, the
CS-CA filaments had been able to create the
particles of about 100 nm by the aggregation.
The formation of relatively spherical particles
by the CS-CA filaments was probably due to
the increasing of hydrophobic property of the
CS chains, which caused the hydrophobic
parts toward center, and hydrophilic parts
toward outside have been arranged and
aggregated. These results are consistent with
the findings of the other researchers (Atarian
et al., 2019; Hadian et al., 2017; Hosseini et
al., 2019; Rajaei et al., 2017).
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To investigate the effect of TEO on the
particle size and the shape of CS-CA nanogels,
the SEM image was taken from TEO
encapsulated with the CS-CA nanogels (Figure
3-b). By comparing the images of CS-CA
nanogels and the TEO encapsulated with the
nanogels, it can be seen that although the
particles are in the range of 100 nm in both
figures, the uniformity of particle size
distribution is less in the case of TEO
encapsulated in the nanogels. Also in the case
of the encapsulated TEO, the particles became
more interconnected and slightly larger. These
results indicate that the encapsulation of TEO
in the CS-CA nanogels can change the shape
of the particles. This restructuring is probably
due to the change in the hydrophilic and the
hydrophobic property of the nanogels. Ziaee,
et al. (2014) investigated the effect of cumin
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essential oil (2 and 6%) on the size of
nanogels. Their results indicated that an
increase in the proportion of essential oil
loaded in the nanogels maked to create
particles of 30 to 250 nm size. In fact, the
particle size of nanogels increased with
increasing cumin essential oil that was in line
with the present results.
Emulsion droplet size

Given that the size of oil droplets can affect
the physical properties of jelly candies. In the
next step, the CS-CA nanogels alone as well as
with TEO was used for stabilizing of PSO-in-
water Pickering emulsion, and subsequently
the droplet size of emulsions determined. Fig.
4 illustrates the average droplet size as well as
the optical microscopic image of Pickering
emulsions stabilized with the CS-CA nanogels
and the CS-CA nanogels incorporating TEO.

B i

; e g 6

Fig.4. Average droplets size and optlcal mwroscdp]é |'ma;‘:1és of the PSO in- water Pickering
emulsions stabilized by CS-CA nanogel (A), and CS-CA nanogel incorporating TEO (B)

It can be seen from Figure 4 that the
average droplet size of emulsion stabilized
with the CS-CA nanogels incorporating TEO
(Figure 4-B) was smaller than the droplet size
of emulsion stabilized with the CS-CA
nanogels (Figure 4-A). Due to the hydrophobic
nature of TEO, it can be deduced that TEO
increased the hydrophobic property of CS-CA
nanogels and thus smaller droplets was
achieved. These results indicate that the use of
TEO incorporating polysaccharides such as
CS, whose hydrophilic nature is more than
their  hydrophobicity, can increase the
hydrophobic nature and consequently their
emulsifying property. These results are in line
with the findings of Chen et al. (2017) who

reported that cinnamaldehyde in combination
with CS could improve the CS emulsifier
property.
Interfacial structure

Because the morphological structure of
Pickering emulsions including interfacial
properties (composition and thickness) affect
physical stability, CLSM was used to show the
interfacial structure of Pickering emulsion
prepared with the CS-CA nanogels that the
obtained photos are shown in Figure 5. The
CS-CA nanogels and the oil phase were
stained by FITC and Nile red, respectively;
Thus in Figure 5 the green (A) and red (B)
colors represent the nanogels and the oil phase,
respectively. Figure 5-C is the combined



62 Journal of Agricultural Machinery Vol. 11, No. 1, Spring- Summer 2021

fluorescence images of A and B. As shown in
Figure 5, the oil phase is located inside the
droplets. In addition, the CS-CA nanogels
have formed a layer on the surface of droplets,
which can create a barrier against coalescence.
Moreover, it can be seen that the CS-CA
nanogels have formed a dense and continuous
network between the oil droplets. Hence, it can

be said that in this type of Pickering emulsion,
the steric barrier is not a single layer, but
rather a network of particles adsorbed on the
surface between the oil and the water that
causes the steric barrier. The findings of this
study, are consistent with those of others
(Wang et al., 2015; Wongkongkatep et al.,
2012).

Fig.5. CLSM images of the Canogels-stabilized Pickering emulsions: CS-CA nanogels was

stained by FITC (green) excited at 488 nm (A); PSO was stained with Nile Red (red) excited at 488
nm (B); combined image of A and B (C)

Physical and mechanical properties of jelly
candies enriched with PSO
Microscopic structure of jelly candies

In order to investigate the distribution of
PSO droplets, the photo from the surface of
samples was taken by the optical microscope.
Figure 6 shows the optical microscope images
obtained from the surface of different samples
after 3 and 48 h of storage. According to
Figure 6, it can be seen that among the control,
the jelly candy containing 2% nanogel as well
as the jelly candy incoporating 2% nanogel+
0.05% TEO was not observed any significant
difference in their structure after 48 h of
storage. About the samples containing 2%
PSO+0.1% nanogel and 2% PSO+0.1%

nanogel+0.05% TEO after 48 h, was observed
slightly larger droplets and drops accumulation
in some spots. In addition, in the case of the
sample containing 2% PSO+0.1%
nanogel+0.05% TEO, the oil droplets were
slightly smaller than the sample containing 2%
PSO+0.1% nanogel. From Figure 6, the
highest change in texture was observed in the
samples containing 2% PSO compared to the
other samples. About jelly candy with 2%
PSO, the large droplets of PSO were observed
in the matrix of sample after 3 h of storage.
However, after 48 h of storage, the PSO
droplets were completely separated from the
jelly candy matrix and accumulated on its
surface (Figure 6). The reason for the
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separation of oil from the sample matrix with
2% PSO can be attributed to the lack of using
of stabilizer. This result clearly showed that
the use of PSO in the form of emulsion

After 3h

Control

2% PSO

2% PSO+0.1%nanogel

2%
PSO+0.1%nanogel+0.05
%TEO

0.1%nanogel

0.05%TEO

stabilized by the CS-CA nanogels was able to
contribute to better dispersion and physical
stability of oil droplets during storage.

After 48h

Fig.6. Surface microscopic images of different jelly candy samples

Texture profile analysis (TPA)

Figure 7 displays the results of TPA
(hardness, cohesiveness, springiness,
resilience, adhesiveness and gumminess) for
the different jelly candy samples. As shown in
Figure 7-a, it can be seen that the hardness of
the control was higher than of all. Whereas the
hardness of the jelly candies decreased by
adding of PSO and TEO. In the case of jelly
candies containing only 0.1% nanogel, the
hardness results showed that the effect of the

nanogel alone did not have a significant
(p>0.05) effect on the hardness. From Figure
7-b, the results showed that the cohesiveness
property of the control was higher than the rest
of the samples, with a significant difference at
5% level. It should be noted that the
cohesiveness property reflects the strength of
intermolecular interactions. These results
showed that the PSO, CS-CA nanogels, and
TEO could attenuate the intermolecular forces
of the candy structure. Concerning the results
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of springiness, it can be seen that the adding of
CS-CA nanogel, TEO and PSO to the jelly
candy  structure  significantly  (p<0.05)
increased the springiness compared to the
control sample. Moreover, the CS-CA
nanogels had the most effect on increasing the
springiness property (Figure 7-c). Regarding
the resilience, the highest resilience was
observed in the control sample, which was
significantly different (p<0.05) from the other
samples (Figure 7-d). The results of
adhesiveness property showed that the use of
PSO as well as nanogels reduced the
adhesiveness of the samples compared to the
control sample (Figure 7-e). Regarding the
gumminess property, the highest gumminess
belonged to the control sample, which had a
significant difference at 5% level with the
other samples. Results of gumminess property
showed that the use of nanogel, PSO and TEO
reduced this property (Figure 7-f). The
observed trend in gumminess property was
approximately similar to the hardness and
resilience properties. The trend similarity of
these properties is probably due to their high
correlation. Various works have been done on
the enrichment of jelly candy and the effect of
enriching compounds on the mechanical
properties of jelly candy. For example, Hani et
al. (2015) reported that the red pitaya fruit
puree in the formulation of gummy candy
decresed the hardness and gumminess of
gummy candy. Amjadi et al. (2018) also stated
that increasing the amount of betanin in the
gummy candy structure reduced its hardness
and gumminess properties. In addition,
Mogaddas Kia et al. (2020) showed that the
red beet extract in the gummy candy
formulation reduced the gumminess property.
They interpreted that this gumminess
reduction due the presence of red beet extract
may be related to induce heterogeneity to
network structure. Most research has focused
on the effect of CS and gelatin on the
mechanical properties of edible films, and no
specification research was observed for
mechanical properties of jelly candies. For this
reason, the researches on edible films that are
almost as close to the texture of jelly candy

was used to interpret the results. Among these
investigations, Benbettaieb et al. (2014)
reported that gelatin film had more hardness
and less resilience than CS film. The addition
of CS to the gelatin film also reduced their
hardness and increased their resilience. These
researchers reported that more hardness and
less resilience of the gelatin films related the
denser gelatin-created network. Thus, when
the CS was combined with gelatin, due to the
interaction between the two polymers, the
hydrogen bonds between the gelatin polymers
reduced and in fact, CS acted as a plasticizer,
which made it more flexible (Benbettaieb et
al., 2014). These results are in agreement with
the findings regarding the hardness and
resilience of the present study. Various studies
have been performed on the effect of oil on the
texture properties of edible films. For example,
Valenzuela et al. (2013) reported that the
sunflower oil could reduced the strength of
CS and protein blend films. These researchers
have attributed the decrease of film strength
due to the effect of oil on increasing structural
heterogeneity and  decreasing  structure
adhesion forces.
Color analysis

The results of color analysis for the
different jelly candy samples are shown in
Table 2. The results of the brightness index
(L*) showed that the use of unencapsulated
PSO reduced this index. Nevertheless, using
encapsulated PSO (2% PSO+0.1 nanogel and
2% PSO+0.1 nanogel+0.05% TEO) increased
the brightness index, which had a significant
difference (p<0.05) with the control sample. A
similar trend was observed for the redness
index (a*) such as the brightness index. It
should be noted that the positive values of a*
index are red equivalent and the negative
values are green equivalent. These results
showed that the PSO in the emulsified form
increased the green color of the samples. In the
case of b* index, it was observed that the PSO
in the form of emulsion, compared to the
control  sample, reduced this index
significantly. In addition, the b* index of jelly
candy containing 2% PSO+0.1
nanogel+0.05% TEO was lower than that of
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jelly candy containing 2% PSO+0.1 nanogel.
The results of total color difference (AE)
showed that the least AE was related to the
sample containing 0.1% nanogel and the
highest color difference was for the samples
containing PSO in emulsified form (2%
PSO+0.1 nanogel and 2% PSO+0.1
nanogel+0.05% TEO). It should be noted that
the total color differences of less than 3-4, are

not detectable by the human eye (Benbettaieb
d
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et al., 2014). The results of color intensity
(Hue angle) and color concentration (chroma)
also showed that the PSO in the form of
emulsion (2% PSO+0.1% nanogel and 2%
PSO+0.1% nanogel+0.05% TEO) reduced the
both indices. The overall results of color
indices showed that the most color changes
were in the samples containing PSO in the
emulsified form.
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Table 2- Color parameters of jelly candies
> -

Treatment L a AE Hue Angle Chroma
Control 52531076 -1.20#0.35°  53.93+0.50° - 267.48+1.57°  54.0040.44°
206PSO 48.07+1.40° 1404020  49.53+050° 12.52+#1.10° 268.38+0.21% 49.55+051"

2% Einoo;e?'l% 56.47+1.92°  -7.60£0.92°  33.20+1.22° 19.97+1.02° 102.86+1.08° 34.06+1.38°
naﬁggfgo;&lﬁ)zo 60.66+1.96°  -8.47+0.50° 31.40+1.40° 21.93+1.19° 105.08+029° 32.52+1.48°
0.1% nanogel 53.53+1.50° 31+030°  54.0+040° 59241.23° 092.19+1.93" 54.06+0.36"
0.05%TEO 50.40+0.40% -1.60+0.35"  52.93+0.61* 8.55+0.24° 91.73+0.39° 52.95+0.60°

Values with different letters (a-e) in same column are significantly different, p<0.05.

Figure 8 displays the surface photo of
different samples of jelly candy. In Figure 8,
the color difference of the samples containing
the PSO in emulsified form (2% PSO+0.1%
nanogel and 2% PSO+0.1% nanogel+0.05%
TEO) with the other samples is clearly seen.
The samples containing the PSO in emulsified
form had a lighter color than the other
samples. The obvious difference between the

samples containing PSO in the emulsified
form, in terms of color indices, is probably due
to the presence of oil droplets in the jelly
candies texture. These oil droplets can change
the transparency of the samples. The
interaction between oil and water molecules
also changes the refractive index of
hydrocolloid compounds, which can change
the color indices (Pereda et al., 2012).

| R §
y \

Control 2% PSO 2% PSO + 0.1%

nanogel

2% PSO +0.1%
nanogel+0.05%

0.1% nanogel 0.05% TEO

TEO

Fig.8. Appearance of different jelly candy samples

Conclusions

In this study, Pickering emulsion method
using CS-CA nanogel incorporating TEO as a
stabilizer was used to encapsulate PSO and
subsequently to enrich jelly candy. The results
showed that the use of PSO in the emulsified
form improved the dispersion and physical
stability of PSO in the jelly candy structure;
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