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Shrimp (Litopenaeus vannamei) is very sensitive to oxidation damage during the storage process. Meanwhile, the use of edible
coating illustrates promising findings in increasing the shelf life, while also preserving meat quality. In the current study, the
Pistacia atlantica gum (PAG) was extracted, microcoated, and finely combined with mastic gum for coating shrimp during the
storage process. Fresh shrimp were randomly divided into six groups: (1) control shrimps were not coated with any coating
solution, (2) shrimps were coated with the coating mastic gum (100%), (3) shrimps were coated with the coating mastic gum (30%)
containing PAG (70%), (4) shrimps were coated with mastic gum (45%) containing PAG (55%), (5) shrimps were coated with
mastic gum (15%) containing PAG (45%), and (6) commercial sample (shrimps were coated with a synthetic cellophane polymer).
The highest inhibition of free radicals, amounts of phenolic compounds, and microcoating efficiency were obtained with spray-
drying microencapsulation. With the increase in the concentration of mastic gum of nanoemulsions, the brightness intensity
decreased significantly (p <0.05), and the intensity of redness, yellowness index (YI), and turbidity of coatings increased signifi-
cantly (p <0.05). By increasing the level of PAG in nanoemulsions, the particle size decreased significantly (p <0.05). The film
coating improved the pH, color, and texture properties (p <0.05). The packaging film exhibited some antioxidant activity, which
was significantly improved (p <0.05) by the addition of the PAG extract with significant inhibition diameters against DPPH free
radical. The results outlined from this study show that PAG has potential bactericidal effects against S. aureus and E. coli (30%
mastic gum and 70% PAG showed the best results). Therefore, this kind of packaging is impressive in enhancing the shelf life of
shrimp during the storage process at 4°C.
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1. Introduction

Today, the environmental concerns caused by the use of
synthetic polymers for food packaging have turned consu-
mers’ attention to the use of biodegradable materials with
environmental benefits, such as biodegradation and reduc-
tion of carbon dioxide emissions, and regeneration of raw
materials that lead to global warming [1]. Meanwhile, the
rapidly evolving field of food science nanoparticle research
plays a crucial role in a wide range of the seafood industry.
Recent developments in nanoemulsion-based technology
have made it possible to synthesize novel materials to main-
tain the quality of seafood during storage [2, 3], such as

nanoemulsion-based coatings and films, which are advanced
strategies for fish preservation [4].

One of the goals of the seafood industry is to improve the
preservation technologies of perishable and unstable foods to
reach the final products with optimal quality. Chemical addi-
tives have been extensively used to prevent the survival and
proliferation of microorganisms, but their safety and impact
on human health are under discussion. Natural preservatives
are alternatives for improving seafood quality and safety. The
herbal and spice extracts could be successfully applied as
natural antimicrobials for the elimination of foodborne
microbes and pathogen growth [5]. The natural antimicro-
bial agents are slowly released to the food surface, and
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therefore, they remain at high concentrations for extended
periods [6]. Mufloz-Tebar et al. [7] showed that using the
combination of plant essence, freezing, and modified atmo-
sphere as a different protection technology indicated fewer
bacterial counts because it has potential synergistic effects.
Therefore, the approaches used for storage should not only
prevent the biochemical activities of enzymes but also pre-
vent oxidation.

Fish and seafood are of important part of our culture and
nutrition that have been combined with spices and herbs for a
long time. Shrimp (Litopenaeus vannamei) is a good source of
omega-3 fatty acids, protein, and non-protein nitrogen com-
pounds (amino acids), among other nutrients. However, this
rich biological composition makes shrimps highly susceptible
to microbiological spoilage, limiting their shelf life. During
storage, the quality of seafood degrades due to a complex
process, where biochemical, microbiological, or physical
changes occur [8]. Traditional methods for storing shrimp,
such as cold storage and freezing, cannot be an effective bar-
rier against spoilage [9]. The obtained results by Shafieipour
and Sami [10] showed that the refrigerator thawing method
had a lower effect in decreasing the chemical quality of the
pink shrimp than microwave and water thawing methods, and
multiple freeze—thawing processes caused some deleterious
effects on the quality of the frozen shrimps.

Active packaging innovations extend shelf life with bioac-
tive compound integration [11]. Edible films are a thin layer of
material coated or wrapped around a food product to act as a
barrier to the surrounding environment [12]. This kind of
continuous matrix was prepared from natural polymers such
as carbohydrates, proteins, polysaccharides, and/or lipids,
which can lead to increased shelf life and minimize the loss
of water and volatile compounds [13]. The use of antioxidant
compounds in edible films and coatings formulations is mainly
to delay the development of oft-flavors, prevent lipid oxidation,
and improve color stability [14]. These coatings reduce lipid
oxidation, moisture loss, and microbial growth and create a
protective barrier [15]. In this regard, Afshar Mehrabi et al.
[16] reported that chicken fillets coated with Nepeta pogonos-
perma extract and chitosan displayed a longer shelf life. As
noted by Herbon [17], extending shelf life reduces losses arising
from waste, which in turn could result in increased profits.
Carri6én-Granda et al. [18] demonstrated the effectiveness of
chitosan-enriched coatings, offering a promising alternative to
control the growth of pathogen and spoilage microorganisms
on peeled shrimps during refrigeration storage.

The genus Pistacia, which is part of the Anacardiaceae
family, is grown in different countries such as Iran [19]. Pis-
tachio nuts contain great amounts of phenolic compounds,
with appropriate antioxidant activity [20]. These characteris-
tics make the species valuable not only for direct food use but
also for pharmacological purposes in local communities [21].
Meanwhile, mastic gum is an extract from the P. atlantica tree
with well-known anticancer and antioxidant properties due to
its high content of polyphenol compounds [22].

In the current study, the Pistacia atlantica gum (PAG)
was extracted, microcoated, and finely combined with mastic
gum for coating shrimp during the storage process at 4°C.
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TaBLE 1: Treatments in the microcapsule production.

Code Treatments

1 Maltodextrin + spray-drying

2 Sodium caseinate 4 spray-drying
3 Maltodextrin + freeze-drying

4 Sodium caseinate + freeze-drying

2. Materials and Methods

2.1. Preparation of Alcoholic Extract of PAG. The PAG alco-
holic extract was determined by the method described by
Ghalavand et al. [23]. Briefly, PAG was collected and picked
by hand from the central district of the region of Sabzevar,
Razavi Khorasan province, Iran. The PAG was identified by a
herbarium collection manager at the University of Sabzevar
(Herbarium No. HLu27061402). Hulls were separated, and
fresh plant material was dried naturally in the shadow on
laboratory benches at room temperature (23-24°C) for
6 days until crisp and vacuum-dried after rinsing/drying.
Then, 150 g of the plant powder was suspended in 600 mL
of hydroethanolic solution for 48h at room temperature.
The mixture was filtered using a fine muslin cloth, followed
by filter paper. The filtrate was placed in an oven to dry at
40°C. The obtained clear residue extracts were kept at —20°C
until required for utilization.

2.2. Spray-Drying Microencapsulation. This process was exe-
cuted through a mini spray dryer (Biichi Labortechnik AG,
Flawil, Switzerland), and the operational conditions for both
total solids content were as follows: inlet air temperature
170 £ 5°C, outlet air temperature 85+ 5°C, air flow 600 L/h,
rate of feeding 5mL/min, and atomization pressure 300 Mega
psi. Maltodextrin and sodium caseinate were thoroughly studied
as the encapsulating agent and verified their antioxidant activity.
The resultant powders were stored to exclude light and oxygen
and were conserved at —20°C until further analysis (Table 1).

2.3. Freeze-Drying Microencapsulation. For freeze-drying
microencapsulation, the solutions were desiccated utilizing a
freeze-drier (Operon-Korea) for a duration of 42h (—86°C,
5 mbar). The desiccated materials were pulverized with a pestle
and mortar and subjected to ultrasound (5kHz, 10-15 min).
Subsequently, they were stored in amber glass bottles with screw
caps in a freezer (—50°C) until required for utilization.

2.4. Measurement of Microcoating Efficiency of PAG Extract.
For the microcoating efficiency of PAG extract, the fine par-
ticle solution was prepared and centrifuged at 13,000 rpm for
30 min, and the supernatant was filtered with a PTFE syringe
with a pore size of 0.22 pm. Then, 2 mL of acetonitrile was
added, and the same procedure described for maltodextrin
was carried out. The amounts of phenolic and anthocyanin
compounds were quantified; the absorbance was measured at
454 nm with a spectrophotometer (Milton Roy Company,
Warminster, USA).

Encapsulation efficiency (EE %) was calculated using this
formula:
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EE = (P; - P;/P,) X 100,

where P; is the total amount of drug in the dry extract and Py
is the free amount of dry extract during preparation.

2.5. Particle Size. First, a small amount of powder samples
was dissolved in 2-propanol and then added to a water-filled
tank. The size of particles is measured as they are drawn
through the instrument’s chamber, with the laser diffraction
technique analyzing how the particles scatter a laser beam to
determine their size distribution, based on the principle that
smaller particles scatter light at larger angles.

2.6. Particle Size in Emulsions. The particle size distribution
in emulsions was measured with a Particle Size Analyzer
(Sympatec GmbH, Berlin, Germany). Due to the tendency
of macroscopic particles to skew the distribution, the calcu-
lated z-average particle size will be used in subsequent anal-
yses, but the particle size distribution curve was drawn
according to the diameter of the emulsion particles.
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In this formula, D, is the particle diameter, and S, is the
particle scattering intensity.

2.7. Production of Antimicrobial Film. Aqueous film-forming
pullulan solutions containing PAG extracts were prepared in
three concentrations (X 1, X 1.5, X 2 minimum inhibitory con-
centration [MIC]) by using the solution casting method. After
the completion of aeration, 70 cc of each solution was slowly
poured into the center of the Teflon plates. Then the plates
were placed on a perfectly level surface to dry at ambient
temperature, and films were formed. The time required to
make the film was 36h. Then, the films were stored in a
desiccator at a temperature of 25°C and a relative humidity
of 50% to adjust the humidity (to reach a constant weight). A
saturated solution of magnesium nitrate was used to create a
relative humidity of 50%. Edible films containing fine particles
were made using the spray-drying method and maltodextrin
wall material. First, 2.5 g of mastic gum and 200, 500, 700, and
1000 mg/L of powder were added to 100 mL of distilled water.
The pH of the produced dispersion was adjusted to 8 with
0.1 N. NaOH, and the mixture was stirred on a magnetic
stirrer for 20 min at 90°C to ensure denaturation. After that,
the enclosed corm extract was added to the dispersion
(0%—0.5%) and homogenizer. It was used to synthesize the
composite film for 10 min at 10,000 rpm. It was then mixed
by a magnetic stirrer for 15min and then settled. Ultrasonic
bath for 15 min to ensure a homogeneous distribution. Finally,
glycerol (30% w/w) was added, and the dispersion was mixed
for 30 min with a stirrer.

2.8. Antioxidant Activity of Films. Antioxidant activity tests
were carried out using the Folin-Ciocalteu and DPPH meth-
ods. DPPH assay was done according to Sadeghi et al. [24].
PAG alcoholic extract solution (50 pL) at different

concentrations was added to DPPH solution (0.004% in meth-
anol; 5mL). Afterward, the samples were stored in the dark
and at ambient temperature for 30 min. The sample’s absor-
bance was read at 517 nm. The radical scavenging activity was
measured by the following equation:

Radical scavenging activity =
[(ADPPH — AS)/ADPPH] x 100,

where AS and ADPPH are the absorbance of samples and
DPPH solution, respectively.

2.9. Antibacterial Assay. The disc diffusion method was used
to determine the antibacterial activity of PAG extract. Anti-
bacterial activity was tested against Gram-positive strains
(S. typhimurium, S. aureus, and B. cereus) and Gram-negative
strains (P. aeruginosa, V. cholerae, and E. coli) that were pro-
vided by the Department of Biotechnology, Iranian Research
Organization for Science and Technology (IROST), Tehran,
Iran. Intermediate cultures were prepared from the stock cul-
tures according to the preparation guidelines of IROST to
create fresh 18-24h cultures before each experiment. Fresh
suspensions of tested bacteria were prepared by transferring a
loopful from a stock culture to brain-heart infusion (BHI)
broth (Merck, Germany) and incubation at 35°C for
18-24h. Prepared suspensions were adjusted to an absorbance
of 0.10 at 600 nm using a spectrophotometer (Milton Roy
Company, Warminster, USA). Bacterial enumeration and
colony count were done by duplicate plating from a tenfold
serial dilution on BHI agar after incubation at 35°C for 24 h.
The average number of bacteria in the optical density of 0.10 was
equal to 5.00 X 108 CFU/mL.

2.10. Coating of Shrimp and Storage. The shrimps were cleaned
of any dirt and thoroughly washed, and after that, the cleaned
samples were kept in ice until further use (within 5 h). After the
coating solutions were prepared, the shrimps were wholly sub-
merged in the coating material and positioned on a wire rack
for 1 min to drip off any excess coating. At the same time, it
was exposed to air for 5 min to dry up the coating material on
the surface of the shrimp. Then, the samples were dipped in
the edible coating solution for a second time for 1 min, hung
for 45s, and dried for 30 min. There were six treatments: (1)
control shrimps were not coated with any coating solution, (2)
shrimps were coated with the coating mastic gum (100%), (3)
shrimps were coated with the coating mastic gum (30%) con-
taining PAG (70%), (4) shrimps were coated with mastic gum
(45%) containing PAG (55%), (5) shrimps were coated with
mastic gum (15%) containing PAG (45%), and (6) commercial
sample (shrimps were coated with a synthetic cellophane poly-
mer). In film form, regenerated cellulose is called cellophane, a
versatile, nonplastic film.

To produce these packages, 50 g of the fillet sample was
transferred to each of the sterile plastic petri dishes (diameter
9mm). The intended films were drawn on the petri dishes
(except for the control sample) to create a hypothetical pack-
age and were placed inside the refrigerator (1 £4°C) for
12 days. Since after the use of each package containing shrimp



4 Advances in Agriculture

TasLE 2: Inhibition of free radicals, total phenol, and microencapsulation efficiency of different treatments of drying.

Parameters MT + freeze-drying SC + freeze-drying MT + spray-drying SC + spray-drying
Inhibition of free radicals (%) 77.55¢ 76.39%¢ 79.05° 84.27%
Total phenol (ppm) 31.06° 33.06° 47.04* 49.05°
Microencapsulation efficiency (%) 62.24° 56.13¢ 89.24° 87.11%°

Note: The superscript letters (a—d) show significant differences in each row (p<0.05).

Abbreviations: MT, maltodextrin; SC, sodium caseinate.

fillets, the microbial conditions were destroyed during sam-
pling and moving, five replicates were produced from each
package from the very beginning, and on the 1, 3, 9, and
12 days of refrigeration, and one of them was also used
once on the day of packaging production (0 days).

2.11. Tests of Coated Shrimps During the Storage Period

2.11.1. Texture Profile Analysis. A texture analyzer LFRA-
4500 (Stable Micro Systems Ltd., Surrey, UK) was used to
evaluate the texture profile (hardness, cohesiveness, and gum-
miness) of shrimp muscle samples based on the official ana-
Iytical method ISO 11036 (2020). The texture profile analysis
was performed at room temperature under the following con-
ditions: constant test speed, 1.0 mm/s; deformation of the
whole shrimp meat sample, 50%; hold time between cycles,
3s; and trigger force, 0.05N. Shrimps samples (20g) were
homogenized using 100 mL of distilled water, and the homog-
enate was checked for pH using a tabletop digital pH
meter [25].

2.11.2. Microbial Tests. About 1 g of shrimp meat was mixed
with 9 mL of 0.85% sterile saline solution. The mixture was
then homogenized for 2 min at 250 g. The homogenized solu-
tion was logarithmically diluted in a sterile physiological saline
solution. 1 ml of each dilution was inoculated onto plate count
agar culture medium. The cultured samples were incubated at
35°C for 2 days to determine the total viable count and at 4°C
for 7 days.

2.11.3. Colorimeter Test. The films’ color parameters (L,
luminance/brightness; a, red/green; b, yellow/blue) were
assessed using an SC-80C colorimeter from Minolta CR360
Series, Minolta Camera Co. Ltd. (Osaka, Japan).

2.12. MIC. MIC was determined by the broth dilution method
according to Bostanci et al. [26]. Briefly, the solutions of the
hydroethanolic extract of PAG were prepared in 1.5 mL Eppi
by dissolving dry plant extract (0.120 g) in DMSO to a final
concentration of 100 mg/mL. 25 pL of each sample was inoc-
ulated into the first wells using Mueller—Hinton broth (Becton
Dickinson, Sparks, MD, USA) in 96-well microplates. Then,
25 pL of each bacterial suspension was inoculated into wells. A
growth control well and a sterility control well were also stud-
ied for each strain. The microtiter plates were incubated at
37°C for 24 h. After incubation, 40 pL of a 0.4 mg/mL solution
of iodonitrotetrazolium chloride (INT) was added to each well
as an indicator of microbial growth. The plates were incubated
at 37°C for 30 min, and the MIC values were visually
determined.

2.13. Statistical Analysis. Statistical analysis was performed
using one-way analysis of variance (ANOVA) and Duncan’s
multiple range test with a significance level set at p <0.05,
utilizing SPSS software (version 22.0, SPSS Inc., Chicago, IL,
USA) for Windows.

3. Results and Discussion

In this study, phenolic compounds from PAG ratios were
extracted and microencapsulated by freeze and spray-drying
using maltodextrin as the encapsulating agent and verified
their antioxidant activity. Phytochemicals, including pheno-
lics, terpenoids, and flavonoids, have been known as chemical
contents of plants that play significant biological actions as
antioxidants by decreasing lipid peroxidation byproducts and
increasing endogenous antioxidant enzymes (CAT, SOD, and
PGE2) [27]. According to the obtained results, the type of wall
material did not have a significant effect on the preservation of
phenolic compounds (p >0.05), but the degree of preserva-
tion of phenolic compounds was influenced by the type of
drying method (p <0.05) (Table 2). Microencapsulation by
spray-drying becomes a promising alternative for protecting
the bioactive compounds using a polymeric matrix [28]. Due
to solvent removal, the highest inhibition of free radicals,
amounts of phenolic compounds, and microcoating efficiency
were obtained with spray-drying microencapsulation. Similar
results were found in films based on quince seed mucilage
containing thyme essential oil [29]. Spray-drying resulted in
smaller and more uniform particles, which were commonly
associated with improved dispersion and stability in formula-
tions. In the current study, the microencapsulation efficiency
of PAG is 89.24% £ 0.04%. Recently, Kucharska-Guzik et al.
[30] reported that freeze-drying produced larger particles with
a wider distribution range, which could benefit applications
where a lower bulk density or free-flowing texture is desirable.

Sharayee et al. [31] investigated the effect of the micro-
encapsulation process on the antioxidant properties of angel-
ica essential oil and reported that the microencapsulation
efficiency of this oil with a polysaccharide wall was 85%.
These authors stated that food-grade polymers that are gen-
erally chosen for the microcoating of important food ingre-
dients should protect the core material against oxidation,
heat, and evaporation. Considering that maltodextrin has
charged groups, it creates hydrophilic or hydrophobic parts.
Maltodextrin has low emulsion stability and emulsifying
capacity. Therefore, a combination of maltodextrin and
other compounds could be employed for microencapsulation
[32]. On the other hand, sodium caseinate has been used as a
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TasLE 3: The amount of thickness in films containing different con-
centrations of mastic gum and Pistacia atlantica gum (PAG).

Concentrations of mastic gum (weight/weight) le:lk;:)e s
Films containing 15% mastic gum + 85% PAG 0.069"
Films containing 30% mastic gum +70% PAG 0.073°
Films containing 45% mastic gum +55% PAG 0.078°

Note: The superscript letters (a—c) show significant differences in each col-
umn (p<0.05).

stabilizer for microencapsulation via spray-drying microen-
capsulation with good results.

The effect of different mastic gum and PAG concentra-
tions on film thickness is shown in Table 3. With increasing
mastic gum concentrations, the thickness of the films
increased (0.069-0.078 mm). This can be the result of the
inclusion of mastic gum, changing the structural homogene-
ity. Aydogdu et al. [33] reported that the thickness of the
films increases after a mastic gum concentration of 1% g/g
solvent, which suggests a shift in structural homogeneity
after this concentration.

Hoque et al. [34] reported that the incorporation of herb
extracts, including cinnamon, clove, and star anise extracts,
into gelatin and partially hydrolyzed gelatin increased the ten-
sile strength and decreased water vapor permeability of the
resulting films. However, those extracts could affect the color
of the resulting films to some degree. In the current research,
the in vitro data suggest that the incorporation of mastic gum
and PAG increases the potential synergy effects that could be
successfully incorporated into biodegradable alginate edible
films. Norajit et al. [35] demonstrated that the ginseng extract
can be successfully incorporated into biodegradable alginate
films and retain excellent antioxidant activities. It is interesting
to note that ginseng exhibited increased free-radical scavenging
activities following an extrusion process. The incorporation of
ginseng extract into the alginate films did not cause major
changes in the moisture content values. Therefore, the increase
in the thickness of the film can be due to the presence of the
chemical composition of the mastic gum in the film or due to
the formation of holes in the film network after the evaporation
of volatile compounds with low molecular weight in the drying
stage of the film. Based on the results, film samples containing
45% mastic gum were considered to increase the thickness and
the possibility of greater resistance and stability.

Figure 1 shows the antioxidant activity of films. The film
prepared from mastic gum showed 77.4% inhibitory activity
on DPPH radical. The antioxidant properties of the films
increased significantly with increasing mastic gum concen-
tration (p <0.05). Similar results were found in films based
on mucilage seeds containing thyme essential oil [36]. Phe-
nolic compounds are one of the most important classes of
natural antioxidants and are closely related to the antioxi-
dant activity of plant tissues [36]. Bakhshi Khoramdareh et al.
[37] showed a positive correlation between phenolic com-
pounds of Bene gum (such as ferulic acid, gallic acid, quer-
cetin, etc.) and antioxidant activity. This positive relation
between phenolic compounds (as potent hydrogen donors)

and DPPH radical scavenging activity has been reported by
previous investigations [38, 39].

Table 4 shows the results of the studies conducted on the
antimicrobial effects (diameter of growth inhibition zone and
MIC) of the films on the desired microorganisms using the
disc diffusion method. The MIC of the selected PAG was
estimated using the broth dilution method as described in
the methods section. The results outlined from this study
show that PAG has potential bactericidal effects against
S. aureus and E. coli. These tests estimate in vitro antimicrobial
susceptibility [38]. In our study, discs prepared from commer-
cial films (synthetic cellophane polymer) did not show any
antimicrobial activity on the tested bacteria. Films containing
15%, 30%, and 45% by weight of mastic gum and whole mastic
gum caused a significant nongrowth zone in the culture
medium of S. aureus and E. coli. Bakhshi Khoramdareh et al.
[37] showed that the Pistacia atlantica (Bene) oleoresin gum
was effective against all bacteria tested (including E. coli,
S. typhimurium, P. aeruginosa, L. monocytogenes, B. cereus,
and S. aureus), and due to the distinctive structure and com-
plexity of their double-layer cell membrane, Gram-negative
bacteria showed higher resistance than Gram-positive bacte-
ria. Dadalioglu and Evrendilek [36] revealed that all essential
oils exhibited a very strong antibacterial activity against the
tested bacteria (E. coli, S. typhimurium, L. monocytogenes, and
S. aureus). Films containing 15% w/w concentration of mastic
gum and 85% PAG showed the most activity on S. aureus and
E. coli bacteria by creating a non-growth halo with a diameter
of 22.23 and 20.18 mm, respectively. These results are in
agreement with the previous findings of Jouki et al. [29] and
Burt [40], who showed that plant essential oils are more effec-
tive on Gram-positive bacteria (S. aureus and L. monocyto-
genes) than Gram-negative bacteria (P. aeruginosa and
S. typhimurium). In conclusion, it can be seen that among
Gram-positive bacteria, Lactobacillus plantarum was the
most resistant bacterium against the films containing the anti-
microbial compound of mastic gum and PAG.

Changes in the pH levels of shrimp samples stored at 4°C
are shown in Figure 2. The initial pH of shrimp was 6.9,
which increased significantly (7.88) with increasing storage
time (p <0.05). This increase in pH levels is due to the
increase in volatile bases produced, such as ammonia and
trimethylamine, internal and bacterial metabolites, or micro-
bial enzymes in shrimp tissue [41]. This increase in pH level
hurts the quality properties of the product, especially smell,
color, and texture during the storage period, which impacts
storage life and generates economic losses and food waste.

By increasing the concentration of mastic gum, the bright-
ness of the coatings decreased (p <0.05) (Figure 3). It can be
seen that there was a significant difference in terms of color
between the solutions containing different concentrations of
coating ratios containing mastic gum and PAG, and it was also
significant in the color indices (Figure 4). It is observed in
higher percentages of the wall material compared to the car-
rier. In the examination of the color parameter of the com-
mercial sample, there was a significant difference with the
samples containing nanoemulsion (p <0.05), so that the
brightness in the commercial sample, considering
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A: Films containing 100% mastic gum

B: Films containing 15% mastic gum + 85% PAG
C: Films containing 30% mastic gum + 70% PAG
D: Films containing 45% mastic gum + 55% PAG
E: Commercial films
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FIGURE 1: Antioxidant activity of films containing different concentrations of mastic gum and Pistacia atlantica gum (PAG). Different letters

indicate significant differences (p<0.05).

TasLE 4: Antimicrobial activity of mastic gum and Pistacia atlantica gum (PAG) against Gram-positive (S. aureus) and Gram-negative

(E. coli) bacterial strains.

S. aureus E. coli
Treatments
Zone of inhibition (mm) MIC (mg/mL) Zone of inhibition (mm) MIC (mg/mL)

Films containing 100% mastic gum 10.11¢ 11.66" 4.32¢ 10.06
Films containing 15% mastic gum +85% PAG 22/23% 11.33° 20.18° 9.66"
Films containing 30% mastic gum +70% PAG 14/13¢ 10.33" 11.76° 9.33"
Films containing 45% mastic gum + 55% PAG 21.34° 8.66" 18.52° 7.22°
Commercial films 0° 0° 0° 0°

Note: The superscript letters (a—e) show significant differences in each column (p<0.05).
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B: Films containing 15% mastic gum + 85% PAG
C: Films containing 30% mastic gum + 70% PAG
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E: Commercial films
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Ficure 2: Changes in pH values of nanoemulsions with different concentrations of mastic gum and Pistacia atlantica gum (PAG). Different

letters indicate significant differences (p<0.05).

the synthetic polymer as a coating and reducing the color
changes, is evident. On the other hand, the polymers in the
mastic gum are completely dissolved in water, and due to the
impact of light rays on them, reflection and scattering of light
occur, which can lead to a decrease in the brightness of the
emulsions at the same time as the concentration of the gum
increases. Similar results were obtained by using carboxy-
methyl cellulose in emulsion production with Cadun et al.

[42]. Also, it was shown that in the presence of PAG and
high proportions of emulsion sample number 4, the color of
the solution becomes greener. But the noteworthy point is that
in the presence of mastic gum and the decrease in the ratio of
particles to the carrier material leads to a decrease in the
intensity of green. This is even though adding mastic gum
to water (in the absence of PAG) does not have much effect
on the intensity of redness of the solutions. It seems that the
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pH of mastic gum causes the color of the extract to change
from yellow to red. Yellowness index (YI) is another indicator
that was investigated for coating emulsions. YI was investi-
gated as a function of coating type and storage time [43].
Based on the results, increasing the concentration of the emul-
sion in proportion to the carrier material increased the inten-
sity of the YI. The same color change was also observed in
higher emulsion concentrations, such that the highest inten-
sity of YI was seen in the antimicrobial sample (antimicrobial
mastic gum film containing microcoated pith PAG mixed
with the carrier material in a ratio of 45% to 55% as a coating)

(code no. 4). In the investigation of the effect of increasing
time, color changes were significant in samples with different
coatings, so that in a clear examination, the lowest amount of
changes in the L* index was reported in the sample containing
the ratio of 30%—70% nanoemulsion and carrier material and
then the sample with commercial film, which had no statisti-
cally significant difference (p <0.05) with each other, and the
most changes in color during the storage period were observed
in the uncoated sample and the control sample with mastic
gum coating alone. The results show that the use of PAG in
the preparation of the film had a significant effect on
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maintaining the color quality of the samples and reducing the
changes in this index. Greater microbial growth on the surface
of shrimps decreases light intensity by forming a slimy layer,
accelerates pigment oxidation—particularly in uncoated
samples—and induces black spot formation in coated samples
as a consequence of oxygen entrapment. Covering and pre-
venting the contact of oxygen with the tissue will not occur,
and the samples will have a brighter color. No significant
difference was reported. What was determined in this study
was that the color of the surface of the shrimps is slightly
greenish, and there is no change in the intensity of the redness
parameter with the coating and the passage of time (p >0.05).
It also applies to the interpretation of the a* index (Figure 5).
With the increase in time, the amount of changes in the sam-
ples, except for the uncoated sample, did not show a signifi-
cant difference from each other. As the amount of extract
increased, the process of color changes was observed, whereas
the commercial film sample demonstrated no statistically sig-
nificant difference in comparison with the experimental
films [44].

By increasing the level of PAG in nanoemulsions, the
particle size decreased significantly (p <0.05). In line with
the current results, Xiong et al. [45] found that the particle
size decreased with increasing concentration of xanthan
gum/lysozyme nanoparticles. Naji-Tabasi et al. [46] also
indicated that by increasing the Baneh (Pistacia atlantica)
gum concentration, the particle size significantly decreased.
Aggregation and agglomeration of nanoparticles primarily
depend on particle size [46]. They found that the size of
the particles is effective on the ultimate oil absorption
capacity and the stability of the emulsion. Khanahmadi et al.
[47] observed that obtaining an optimum particle size (smal-
ler size) in nanoemulsions depends on several parameters,
including the power and duration of sonication, as well as the

concentration of glycerol and surfactant. Their findings indi-
cated that an increase in PAG particle size leads to the for-
mation of highly unstable nanoemulsions.

The texture of the samples was evaluated to check their
changes during storage at 4°C using the Instran device, and
the parameters of stiffness, intertissue cohesion, elasticity, and
chewability were evaluated. Table 5 shows the results of the
ANOVA of tissue evaluation data. The results showed that the
ratio of nanoemulsion in different treatments, as well as time,
has a significant effect on the stiffness parameter (p <0.05).
Increasing the concentration of both compounds led to a
greater hardness of the shrimp tissue. The highest hardness
was observed in the samples coated with films containing
45%-55% of the compounds, as well as in the commercial
film sample. Since phenolic compounds are present in the
film containing different proportions of nanoemulsion, these
compounds can cause interaction between protein strands
through covalent and noncovalent bonds, which can increase
tissue stiffness. Therefore, increasing the concentration of phe-
nolic compounds increases the hardness of shrimp samples.
On the other hand, mastic gum also contains polysaccharide
compounds in these films, and these compounds can also
participate in protein—polysaccharide interactions and
increase the stiffness of the tissue [48]. The stiffness in
uncoated treatments increased until the 3rd day and decreased
from the 9th to the 12th day [49]. In the samples with films
containing different ratios of carrier and nanoemulsion, this
parameter showed an increase up to the seventh day. By com-
paring the results of hardness intensity and pH level changes
of shrimp, it can be seen that the samples with a lower per-
centage of nanoemulsion, without coating, and containing
gum alone had a higher pH; the high pH of these samples
provided conditions in which they were more susceptible to
microbial spoilage, and therefore, after 3 days of coating the
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TaBLE 5: Texture profile analysis of emulsion stabilized by different concentrations of mastic gum and Pistacia atlantica gum (PAG).
Treatments
Storage time . . . . Commercial
Parameters (h) 100% mastic  15% mastic gum + 30% mastic gum + 45% mastic gum + films
gum 85% PAG 70% PAG 55% PAG
1 7.98 +0.93% 7.85+0.44° 8.19 £0.424 7.66 +£0.224 7.31+0.42%
Hardness (N) 3 8.08 4 0.73° 8 +0.64° 9.3140.54* 8.56 +0.92* 8.01+0.82*
araness
9 8.29 +0.84" 8.43 +0.65"B 9.56 £ 0.574B 9.68 +0.42* 8.56 £ 0.574B
12 12.394+0.92* 12.37 4 0.994 13.7440.914 14.05 + 0.674 12.744+ 0914
1 0.33 4 0.02* 0.38 4 0.03* 0.29 £0.01* 0.29 4 0.05* 0.22+£0.01*
Cohesi 0.30 4 0.02* 0.3140.03* 0.294+0.01* 0.28 4 0.04* 0.234+0.01*
onesiveness
0.29 +0.02* 0.30 £0.03* 0.29 £0.01* 0.27 £0.04* 0.24 £0.01*
12 0.24 4 0.02* 0.24 4 0.03* 0.26+0.01* 0.23 4 0.03* 0.2540.01*
1 8.31+0.65" 7.33+0.114 7.6+0.174 6.8+0.20° 7.36+0.374
Sorined (mm) 3 8.1140.62* 73740214 7.49 4+ 0.274 6.87 +0.10% 72140174
ringiness (mm
pring 9 8.07 +0.65% 7.43 40,2048 7.76 4 0.54AP 6.91+ 0.68" 7.13 4 0.54AP
12 7.3440.174 7.1040.114 7.11+£0.19% 6.3940.20% 6.91+0.19"
1 17.67 £0.29% 17.18 + 1.65* 17.28 +£0.70% 17.65 +0.53% 17.38 £0.70"
Chewi () 3 17.97 +0.29* 17.68 + 1.25% 17.68 £0.10* 18.65 + 0.53* 18.38 £0.70"
ewiness (Im
9 18.67 +0.39* 18.68 4+ 1.65* 18.68 4 0.70* 19.15+0.36" 18.61 4 0.40*
12 21.15+ 1.45% 21.38 +2.038 24.70 +0.58* 26.17 +0.39* 24,61 +0.58*
Note: All data are presented in the manner of means 4 SD (n = 3). The diverse letters for each parameter indicate a significant difference (p <0.05).
TaBLE 6: Antimicrobial activity of active films stabilized by different concentrations of mastic gum and Pistacia atlantica gum (PAG).
Treatments S. typhimurium S. aureus B. cereus P. aeruginosa V. cholerae E. coli
100% mastic gum 0 0.47 0.16 0.16 0 0
15% mastic gum +85% PAG 0 10.16 3.12 3.17 0.68 3.54
30% mastic gum +70% PAG 1.16 9.5 6.21 4.16 223 487
45% mastic gum +55% PAG 4.66 11.33 13.47 7.66 8.48 13.08
Commercial films 14.87 17.44 22.11 13.17 16.55 21.54

shrimp, it seems that the protease activity of the microorgan-
isms softens the shrimp tissue and reduces its hardness. On
the other hand, overcoming the autolysis reaction on cadaver
stagnation in shrimp muscles reduces the stiffness in its tissue,
which is often due to the enzymatic breakdown of muscle
proteins [50].

As can be seen in Table 5, the effective factor on intertissue
cohesion is the increase in emulsion ratio in treatments and
time, which has a significant effect (p <0.05). The intertissue
cohesion decreases in all treatments until the 3rd day, but after
that, an increase in this parameter can be seen. After the death
of aquatic animals, including shrimp, autolysis reactions make
the meat softer and reduce the connections between muscle
cells. Therefore, intertissue cohesion gradually decreases. But
all the samples suffered tissue disintegration on the 9th day
during the test, and thus, the area under the graph increased
and causing this parameter to increase again. In general, with
the increase of emulsion or high ratios of nanoemulsion
(40%—45%), intertissue cohesion increased. Increasing the
concentration in the treatment containing a ratio of 45-40
compared to the carrier material, as well as the sample con-
taining the commercial film, could increase the elasticity of the
samples, which can also be related to the decrease in bleeding

due to the increase in the concentration of the film and Tween
80. The results obtained are consistent with Faraj Zadeh
et al. [51].

The results obtained from microbial tests on shrimp shelf
life are summarized in Table 6. As the durability results
indicate, the highest microbial resistance was observed in
the samples coated with antimicrobial films of mastic gum
containing micro-coated PAG, mixed with the carrier mate-
rial at a ratio of 45%—55%. In contrast, for the control sam-
ples (films containing only mastic gum as the coating),
microbial resistance was maintained until the 12th day of
storage. In this research, films containing a high proportion
of nanoemulsion significantly increased the shelf life of
shrimp microbes. The results obtained from the microbial
test showed that there was a relatively good harmony in the
shelf life of the control and coated samples with coatings
without corn extract. Similar results were reported by Ara-
shisar et al. [52].

4. Conclusion

Active films containing 45% PAG extract had a suitable anti-
microbial effect on all tested microorganisms, which could
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increase the shelf life of shrimp during the storage process.
The results showed that packaging film has significant antiox-
idant properties with significant inhibition diameters against
DPPH free radical, which could be because of its phenolics,
terpenoids, and flavonoids. Therefore, this kind of packaging
is impressive in enhancing the shelf life of shrimp during
storage at 4°C. Based on the current results, the oxygen barrier
coatings should therefore be used with even more pronounced
ceasing if enriched with antioxidants.
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