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: ABSTRACT
® @ It is widely acknowledged for its antibacterial and antioxidant properties. Zataria
: multiflora, also designated as ZTM, is a distinguished botanical species. Therefore, it

: represents an excellent alternative to products containing synthetic preservatives.
: Therefore, it can be concluded that this is the optimal choice. The objective of this
: experiment was to ascertain the efficacy of a novel nanoformulation, designated
Copyright © 2023 by (Z) : dendrimer-ZTM, in achieving the desired outcome. The composition of the
/ : nanoformulation is a pegylated anionic linear globular G2 dendrimer. The objective of this
Razi Vaccine & Serum Research Institute : - experiment was to ascertain whether the nanoformulation was capable of preventing
: Escherichia coli from penetrating the mayonnaise. Once the dendrimer had been
: synthesized, an extract from Z. multiflora was added to it. In the final stage of the process,
: arange of techniques, including zeta potential analysis, atomic force microscopy (AFM),
: and Fourier transform infrared (FTIR) spectroscopy, were employed to provide a
: comprehensive and accurate description of the material. The results of the experiment
: demonstrated that the nanoformulation exhibited intriguing protective effects. This result
: was observed at the conclusion of the experiment. The findings of the investigation
: revealed that the minimal inhibitory and fatal value was 1500 ug/mL. Furthermore, even
: at the lowest concentrations tested (0.1 and 0.01 per hour), the nanoformulation
: demonstrated the capacity to markedly diminish the levels of E. coli present in bacterial
: cultures. The efficacy of the nanoformulation was demonstrated by its successful
¢ performance. During the inspection of the nanoformulation, its identification was initially
: determined. The antioxidant and antibacterial properties of dendrimer-ZTM indicate that it
: has the potential to be an effective natural dietary supplement, as evidenced by our
: findings. This conclusion was reached as a result of a comprehensive analysis of the data
¢ collected.
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1. Introduction

In recent times, there has been an increasing demand for
food products of superior quality that are readily accessible.
However, the proliferation of microorganisms and the
occurrence of chemical and oxidative changes frequently
result in the deterioration of food quality. Despite the
common use of chemical preservatives and antibacterial
agents to address these issues, concerns persist regarding
their potential adverse effects on human health. The use of
these synthetic preservatives has been associated with the
formation of hazardous and carcinogenic compounds,
giving rise to considerable concern among global public
health experts (1). Mayonnaise, a long-standing and
popular condiment, is highly susceptible to microbial
growth due to its nutrient-dense  composition.
Manufacturers have historically utilized synthetic
compounds with antibacterial properties, such as benzoate,
to ensure the safety and quality of their products.
Nevertheless, concerns have been raised regarding the
potential adverse effects of this material on human health.
Therefore, it is recommended that it be used in very small
quantities (2). In light of the pivotal role mayonnaise plays
in the dietary habits of the Iranian population, it is of
paramount importance to implement measures to prevent
the proliferation of bacteria that may result in foodborne
ilinesses. The appeal of natural preservatives as a substitute
for synthetic ones has increased considerably. Scientists
have identified a number of plant-derived chemicals that
demonstrate a diverse range of antibacterial and antioxidant
properties. An exemplar of such a plant is Zataria
multiflora, a plant frequently utilized in Iran, Afghanistan,
and Pakistan. This herb has been demonstrated to possess a
number of therapeutic effects, including disinfectant,
antiviral, antibacterial, and antifungal attributes. The extract
of this substance contains phenolic components, including
carvacrol and thymol, which confer upon it robust
antioxidant and antibacterial properties. Consequently, it
can be employed as a preservative to prevent spoilage (3—
5). Nevertheless, the limited capacity to dissolve and the
modifications in quality within the food environment have
impeded the extensive deployment of natural preservatives.
Researchers are actively engaged in investigating methods
to enhance the efficacy of these natural preservatives and
overcome the  aforementioned  obstacles  (6).
Nanotechnology is currently capable of addressing a
multitude of challenges. Nanoparticles are composed of
biodegradable constituents. Dendrimers, a class of chemical
compounds, have recently emerged as a subject of interest
in this domain due to their distinctive structure and
architecture (7). The surface of these nanoparticles is
decorated with a variety of functional groups, which endow
them with remarkable physical, chemical, and biological
properties. Moreover, they possess a remarkable capacity
for transporting substances, exhibit minimal toxicity, and
do not significantly stimulate the immune system.
Dendrimers, including polyamidine and polypropylene
imine, have been extensively synthesized for a multitude of

applications (7). Nevertheless, the presence of surface
functional groups containing several positive charges gives
rise to concerns regarding toxicity. To address this issue,
two primary approaches have been proposed: surface
engineering and the integration of biodegradable
components during the manufacturing phase. The tri-block
citric  acid-polyethylene glycol-citric acid dendrimer
exhibits both biocompatibility and biodegradability. It has
the capacity to accommodate substantial amounts of
chemicals, stabilize various compounds, enhance solubility,
and mitigate the aforementioned issue of toxicity. The
objective of this study is to examine the potential of these
particles to absorb Z. multiflora and utilize its antibacterial
and antioxidant properties in food products, as this specific
application has not been previously investigated.

2. Materials and Methods

The  chemical compounds citric acid and
polyethyleneglycol diacid (molecular weight 400) were
procured from Merck (Darmstadt, Germany) for use in the
experiment. The investigation was conducted using
chemical reagents and solvents from Sigma Aldrich (MO,
USA) in analytical grade, which did not require further
purification. The E. coli 0157:H7 bacterium strain (NCTC:
12900) was procured from the microbiological collection of
the Laboratory of Food and Aquaculture at the Islamic
Azad University, Shahr-e-Qods Branch, Tehran, Iran.

2.1 Extraction Method

The Z. multiflora extract was obtained from the above-
ground portions of the Z. multiflora plant through the
process of hydro-distillation, utilizing a Clevenger
apparatus. Subsequently, the extract was subjected to gas
chromatography-mass spectrometry analysis to identify its
specific chemical compounds.

2.2 Synthesis of the Dendrimer

The initial stage of the experiment involved the introduction
of a quantity of 2 moles of N',N'-dicyclohexyl carbodiimide
(DCC) into a solution containing 10 mL of polyethylene
glycol. Subsequently, the mixture was stirred for a period of
15 minutes. Subsequently, a quantity of 3 moles of citric
acid was introduced into the solution, followed by an hour
of stirring at ambient temperature. Subsequently, 5 mL of
the DCC solution was introduced, and the mixture was
agitated for an additional 15 minutes. Subsequently, two
moles of citric acid were introduced into the solution, which
was then agitated for a period of 24 hours at ambient
temperature. The process was terminated by the
introduction of water, and the resulting second-generation
dendrimer was purified using filter paper. To remove any
remaining dimethyl sulfoxide (DMSQO) and unreacted
substances, the dendrimer underwent dialysis for 24 hours
(10). In order to incorporate the extract into the dendrimer,
a solution containing 1% (w/v) of the extract and Tween 80
at a concentration of 2% (v/iw EQ) was introduced into the
2 mL solution mentioned earlier. The mixture was agitated
continuously throughout the night. The final nano-
formulation was separated from the solution by
centrifugation and subsequently washed with doubly
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distilled water to remove any residual extract. To facilitate
additional analysis, the final product was diluted in water
and stored at 4°C. The loading efficiency was evaluated
through the use of absorption spectroscopy at a wavelength
of 230 nm.

2.3 Characterization

A variety of characterization techniques were employed to
analyze the products at each stage of the process in this
investigation. The aforementioned techniques included
atomic force microscopy (ICON, BRUKER, USA),
Fourier transform infrared spectroscopy (AVATAR,
Thermo, USA), dynamic light scattering (DLS), and zeta
potential (ZEN3600, MALVERN, UK).

2.4 Antioxidant Activity Assay

In summary, a solution comprising 0.2 mg of beta-carotene
in 10 mL of chloroform (yielding a total volume of 1 mL)
was augmented with 25uL of linoleic acid and 200mg of
Tween 40. Following the removal of the chloroform
through distillation, 100 mL of distilled water saturated
with oxygen was added while maintaining vigorous
stirring. Subsequently, a wvolume of 25mL of the
aforementioned reagent was introduced into each test tube,
and its antioxidant properties were assessed under a variety
of conditions. Butylated hydroxytoluene was utilized as a
positive control. The absorbance was ultimately determined
by absorption spectroscopy at a wavelength of 470 nm, and
the outcomes were computed using the formula outlined by
Becerril etal. (11).

Azample —Acontrol

Eq (1) I (%) = Acontrol(0)—Acontrol xlOO

Where

Aconroi: Absorption of the control

A smpie: Absorption of the sample

A conrol (0): Absorption of the control at t=0

2.5. Antibacterial activity

In summary, a solution containing 0.2 mg of the nano-
formulation was tested for antimicrobial properties using
the disc covering method with brain heart infusion (BHI)
agar. Each disc contained 20 pL of the sample and served
as a positive reference (12). The minimal inhibitory
concentrations (MIC) and minimum  bactericidal
concentrations (MBC) against both bacteria were
determined using the broth microdilution assay in a 96-well
plate, in accordance with guidelines from the Clinical &
Laboratory Standards Institute (CLSI) (13).

2.6 Software and Statistical Analysis

A one-way analysis of variance (ANOVA) was conducted
to perform the requisite statistical analysis. Imaging
analysis was conducted using Image J and SPIP (Scanning
Probe Image Processor Software). All experiments were
repeated five times, and P-values less than 0.05 were
considered significant. A Box-Behnken experimental
design with three levels (low, medium, high) represented as
-1, 0, and +1, respectively, was utilized to create a model

and analyze the responses influenced by three independent
factors (Table 1).

2.6. Software and Statistical Analysis

A one-way analysis of variance (ANOVA) was conducted
to perform the requisite statistical analysis. Imaging
analysis was conducted using Image J and SPIP (Scanning
Probe Image Processor Software). All experiments were
repeated five times, and P-values less than 0.05 were
considered significant. A Box-Behnken experimental
design with three levels (low, medium, high) represented as
-1, 0, and +1, respectively, was utilized to create a model
and analyze the responses influenced by three independent
factors (Table 1). 15 tests were conducted with three
replicates at the central point to assess experimental error.
The conditions and results of each experiment are provided
in Table 2. Equation 2, a second-order polynomial
equation, was employed to examine the interactions
between the independent variables, identify their optimal
levels, and assess their influence on the outcomes. An
analysis of variance (ANOVA) was employed to ascertain
the influence of the components and their interrelationships
on the desired outcomes. The coefficient (3 represents the
value of each term. In order to assess the model's fit, the
coefficient of determination, denoted as R?, is employed.
Eq. (2) Y= Bo + B1A BB + BsC + a1 (AxA) + B2 (BxB)
+ Bas (CxC) + a2 (AXB)+ B1Ps (AXC) + s (BXC)

3. Results

3.1 Extract Analysis

The quantitative and qualitative analysis of Z. multiflora
using gas chromatography-mass spectrometry enabled the
identification of a number of compounds present in the
plant's volatile oil, including their respective percentages.
The most prominent compounds identified were thymol
(22.23%), carvacrol (46.52%), p-cymene (2.13%), and -
terpinene (6.84%). It should be noted that discrepancies in
the reported values may be attributed to a number of
Eact)ors, including weather and geographical conditions
14).

3.2 Dendrimer Synthesis and Loading

Fourier transform infrared (FTIR) analysis was conducted
to identify molecular interactions and functional groups
(Figure 3). Peaks related to -OH, -CH, -C=0, -CH, and —C-
Oester were observed at 3372 cm-1, 2970 cm-1, 1643 cm-
1, 1427 cm-1, and 1046 cm-1, respectively. Additionally,
peaks at 1919 cm-1, 1567 cm-1, and 1211 cm-1, which
relate to -CH aromatic, —-C=C, and —C-O aromatic, were
identified, confirming the presence of oil in the dendrimer.
The size of the nanoparticles was assessed using atomic
force microscopy (AFM) before and after loading with the
Z. multiflora extract (Figures 4 & 5). The dendrimers
exhibited a nearly spherical shape with a diameter of 5-15
nm, with a mean size of 13 + 4.22 nm. However, following
the loading of the extract, the particle size range increased
to 33-15 nm, with an average size of 22+5.09 nm. The
enlargement of the image and the modification of the
spherical morphology of the dendrimer substantiated the
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successful loading process. The results of the DLS analysis
indicated that the particle size of dendrimer-ZTM was
approximately 33 nm larger than that of the dendrimer
alone. Furthermore, the zeta potential analysis proved to be
a valuable indicator of the changes in dendrimer loading,
demonstrating that the nanoformulation possessed a neutral
charge (Figure 6).

3.3. Antioxidant activity

The objective of this study was to investigate the impact of
three variables (temperature, amount of dendrimer-ZTM,
and incubation period) on antioxidant activity with the goal
of achieving maximum yield. In this experiment, the rapid
color loss of beta-carotene-linoleic acid in the absence of
antioxidants is caused by the oxidation of beta-carotene and
linoleic acid, which results in the formation of free radicals.
The formation of free radicals in linoleic acid is caused by
the removal of a hydrogen atom by highly unsaturated beta-
carotene molecules, which results in the oxidation and
decomposition of beta-carotene. The loss of orange
coloration can be quantified using a spectrophotometer. The
third experiment yielded the fewest responses, while the
second experiment produced the most. In order to account
for the nonlinearity of the relationship between the response
and the main variables, a model was constructed which
included three parameters, interactions between the main
parameters, and the second power of each main parameter.
An analysis of variance (ANOVA) was conducted using a
second-order mathematical model. The results of the
analysis of variance (ANOVA) on the modelling are
presented in Table 3 and Equation 2. A P-value of 0.05
during the modeling process indicates the significance of
the effect of each term. The P-value of 0.002 and the R-sq
value of 97.55 indicate that the model is an accurate
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representation of the data and that the interactions between the
variables BxB, CxC, AxB, and AxC do not significantly
impact the outcome. A contour map was employed to
investigate the influence of the parameters on antioxidant
activity. The graphs illustrate the influence of two parameters
on the response while maintaining a constant value for the
third parameter. The color in the upper left corner of the graph
is interpreted for each contour line. The figures illustrate a
slight change in color, with a transition in hue from blue to red
representing the highest reaction level. The graphs demonstrate
that elevating the parameter values enhances the antioxidant
activity, with this increase being pronounced until the midpoint
of the graph and then gradually diminishing. Based on these
findings and the subsequent target tuning, it was determined
that the values of 5, 6, and 7 exhibited the highest antioxidant
activity.

3.4. Antibacterial Activity

Figure 8 illustrates the inhibitory activity of dendrimers and the
nano-formulation against bacterial growth. The dendrimer
demonstrated inhibitory activity against the growth of
approximately 20% of E. coli and 23% of Staphylococcus,
respectively.  Furthermore, the inhibitory  analysis
demonstrated that the zone of inhibition diameter of the nano-
formulation against E. coli was +8.11, which was markedly
larger than that of the empty extract. Table 4 presents the nano-
formulation's minimum bactericidal concentration (MBC) and
minimum inhibitory concentration (MIC). Figures 9 and 10
illustrate the bactericidal effect of the non-formulated sample
in comparison to the control group in a food sample of
mayonnaise. The findings suggest that an extended storage
period is associated with a notable reduction in bacterial
growth.

Table 1. Coding factor for each parameter.

Coded Value
Parameter -1 0 +1
Concentration (A) 1 15 2
Temperature (B) 30 35 40
Time (C) 1 2 3

Table 2. Experimental design table

Std-Order Run-Order A B C Response (%)
6 1 1 0 -1 88.3
8 2 1 0 1 90.68
1 3 -1 -1 0 74.56
14 4 0 0 0 86.69
15 5 0 0 0 86.18
10 6 0 1 -1 86.42
11 7 0 -1 1 86.33

8 -1 0 -1 76.19
9 -1 0 1 84.53
10 1 1 0 88.79
11 -1 1 0 84.33
13 12 0 0 0 86.64
13 0 -1 -1 78.75
14 1 -1 0 83.12
12 15 0 1 1 89.24
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Figure 5. Contour plot of concentration-temperature interaction.

Figure 6. Contour and concentration-time interaction.
Conc (%)
Table 3. Results obtained from the ANOVA
Term Coef SE Coef T-Value P-Value VIF
Constant 86.503 0.661 130.85 0.000

A 3.910 0.405 9.66 0.000 1.00

B 3.252 0.405 8.03 0.000 1.00

C 2.640 0.405 6.52 0.001 1.00
AxA -2.032 0.596 -3.41 0.019 1.01
BxB -1.772 0.596 -2.97 0.031 1.01
CxC 0.453 0.596 0.76 0.481 1.01
AxB -1.025 0.573 -1.79 0.133 1.00
AxC -1.490 0.573 -2.60 0.048 1.00
B*C -1.190 0.573 -2.08 0.092 1.00

Y=86.503 + 3.910 A + 3.252 B + 2.640 C - 2.032 (AXA) - 1.772 (BxB) + 0.453 (CxC) - 1.025 (AxB)- 1.490 (AxC) - 1.190 (BXC)

(Eq. 3)

200
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Table 4. MIC and MBC results.

Type MIC (ug/mL) MBC (ug/mL)

Escherichia coli O157:H7 1250 2500

S Control # Dendrimer ~ZTM = Dendrimer-ZTM

5 1 * ¥
4.5 = | — |
4 %*
3.5 - N - |
LR
22s | N YV 1%/ \_
2.5 Sl ATk \/
11V = Y= Y = Y = Y =
IN = Y = )/ = = Y =
1IN M- V- V- V-
0 1 2 3 4

Time (Month)

Figure 9. The logarithm of the number of E. coli in mayonnaise, under the influence of different ingredients during 4 months of storage
at 4°C.
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4. Discussion

A second-generation spherical linear negative dendrimer
was prepared by employing a one-pot synthesis utilizing
citric acid and polyethylene glycol diacid. This dendrimer
was then utilized for the encapsulation of the Z. multiflora
extract. Citric acid is a highly utilized substance in the food
industry due to its exceptional water solubility, palatable
flavor, buffering capabilities, and antibacterial and non-
toxic properties (15). Polyethylene glycol is a commonly
utilized substance in the food industry due to its
compatibility, biodegradability, and solubility (16). The
acidic functional groups of polyethylene glycol diacid were
activated by interacting with DCC in the synthesis step,
thereby facilitating the formation of the desired product.
This activation facilitated the conjugation of citric acid via
the hydroxyl group, resulting in the synthesis of the first-
generation dendrimer (17). The acidic groups of citric acid
were activated by DCC and subsequently reacted with the
preceding generation of dendrimers, thereby creating the
second generation. The process of activating the acid
groups and conjugating citric acid is illustrated in Figure 12.
The formation of free radicals during the storage and
processing of food can lead to spontaneous oxidation, the
creation of unwanted chemical compounds, and the
development of a rotten flavor in food. The extract of Z.
multiflora contains thymol and carvacrol, which have been
demonstrated to exhibit potent antioxidant effects (18). A
spectrophotometric approach, based on the [-carotene
bleaching experiment, was employed to investigate this
characteristic. In accordance with the results of this assay,
active oxygen species were observed to transform linoleic
acid into a peroxyl radical, which subsequently interacted
with [-carotene, transforming it into a radical. The
alteration of the B-carotene structure results in a reduction in
its color intensity. The anti-radical compounds present in
the solution compete with -carotene for reaction with

Figure 10. The logarithm of the number of E. coli in mayonnaise, under the influence of different ingredients during 4 months of storage
at 15°C.

peroxyl radicals, thereby reducing the degradation of [3-
carotene. (19). The study employed a response surface
method based on the Box-Behnken design to analyze the
parameters influencing the antioxidant activity of
dendrimer-ZTM and achieve the maximum vyield. The
response surface method is a collection of statistical and
mathematical techniques that are employed for the
purposes of experiment design, model construction,
variable effect analysis, optimal variable value
determination, and target response prediction. This strategy
offers an alternative to traditional approaches by
considering the interactions among various components, as
opposed to examining one variable at a time. Classical
optimization approaches entail the alteration of individual
variables while maintaining other variables within defined
parameters. This approach ultimately proven ineffective as
it neglects to consider the complex interplay between all
variables. The response surface method has addressed this
issue by reducing the number of tests, time, cost, and
material required (20). Regulatory agencies such as the
Food and Drug Administration and the World Health
Organization have expressed significant concern regarding
foodborne infections. A total of 250+ foodborne illnesses
have been identified, with bacteria responsible for 66% of
these cases (21). Bacterial food poisoning, which is
frequently associated with the consumption of
contaminated food containing toxin-producing bacteria,
represents a significant foodborne illness.
Enterohaemorrhagic strains of Escherichia coli, such as E.
coli O157:H7, represent a significant public health concern
due to their ability to contaminate rivers and cause a range
of severe conditions, including hemorrhagic colitis,
hemolytic uremic syndrome, and acute renal failure (22).
The antibacterial properties of the dendrimer are attributed
to the incorporation of citric acid into its structure, which
exhibits effective antibacterial activity (23). The impact of
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citric acid on material transport and metabolic pathways is
mediated by its influence on pH balance (24). The study
demonstrated that the dendrimer's distinctive structural
attributes enhance its stability, water solubility, and
biocompatibility, with a diameter of less than 50 nm.
Further adjustments to the experimental design
demonstrated that this particle exhibited robust antioxidant
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Figure 11. Synthesis of the dendrimer.
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Figure 12. Mechanism of conjugation using DCC.

activity under typical conditions. Furthermore, the nano-
formulation demonstrated antibacterial activity against
bacteria in comparison to the extract. The results suggest
that this nano-formulation may prove valuable in the food
sector as a natural preservative, assisting in the prevention
of bacterial contamination and extending shelf life.

Abbreviations used

ZTM, Zataria multiflora; PH, Power of hydrogen; DLS,
Dynamic light scattering; DCC, N, N'-dicyclohexyl
carbodiimide; DMSO, (Dimethyl sulfoxide; BHI, Brain
heart infusion; CLSI, Clinical & Laboratory Standards
Institute; MIC, Minimal inhibitory concentrations; MBC,
Minimum bactericidal concentrations; ANOVA, Analysis
of variance; AFM, Atomic force microscopy; Aw. Water
activity.

Acknowledgment
None.

Authors' Contribution

Experimental Section, Writing Manuscript: R. G.
Statistical Analysis, Edit manuscript: S. M.

Edit manuscript: M. K.

Ethics
The authors certify that all ethical considerations were
respected in the preparation of the submitted article.

Conflict of Interest
The authors declare that they have no conflict of interest.

Data Availability
The data that support the findings of this study are available
on request from the corresponding author.

References

1.Serag MS, Elfayoumy RA, Mohesien MT. Essential oils as
antimicrobial and food preservatives. Essential Oils: Advances
in Extractions and Biological Applications. 2022;75.

2.Kumari PK, Akhila S, Rao YS, Devi BR. Alternative to
artificial preservatives. Syst. Rev. Pharm. 2019;10:99-102.

3.Moradi A, Davati N, Emamifar A. Effects of Cuminum
cyminum L. essential oil and its nanoemulsion on oxidative
stability and microbial growth in mayonnaise during storage.
Food Science & Nutrition. 2023;11(8):4781-93.

4.0Ozkan G, Sagdi¢ O, Ozcan M. Note: Inhibition of pathogenic
bacteria by essential oils at different concentrations. Food
Science and Technology International. 2003;9(2):85-8.

5.Mansouri S, Pajohi-Alamoti M, Aghajani N, Bazargani-Gilani
B, Nourian A. Stability and antibacterial activity of Thymus
daenensis L. essential oil nanoemulsion in mayonnaise.
Journal of the Science of Food and Agriculture.
2021;101(9):3880-8.



1296 Ghasemi et al / Archives of Razi Institute, VVol. 79, No. 6 (2024) 1287-1296

6.Saki M, ValizadehKaji B, Abbasifar A, Shahrjerdi I. Effect of
chitosan coating combined with thymol essential oil on
physicochemical and qualitative properties of fresh fig (Ficus
carica L.) fruit during cold storage. Journal of Food
Measurement and Characterization. 2019;13:1147-58.

7.Yousefi M, Orojzadeh P, Jafari SM. Nanoencapsulation of
food ingredients by dendrimers. InBiopolymer nanostructures
for food encapsulation purposes 2019;607-625.

8 Mohammadzadeh P, Cohan RA, Ghoreishi SM, Bitarafan-
Rajabi A, Ardestani MS. AS1411 aptamer-anionic linear
globular dendrimer G2-lohexol selective nano-theranostics.
Scientific reports. 2017;7(1):11832.

9.Lakooraj HM, Khaki Z, Ghorbani M, Ardestani MS,
Dezfoulian O. The in vitro Effect of Doxorubicine-G2-FA
Treatment on Breast Cancer. Iranian Journal of Veterinary
Medicine. 2020;14(2).

10. Moure A, Franco D, Sineiro J, Dominguez H, Nufiez
MJ, Lema JM. Evaluation of extracts from Gevuina avellana
hulls as antioxidants. Journal of Agricultural and Food
Chemistry. 2000;48(9):3890-7.

11 Becerril R, Gomez-Lus R, Goni P, Lépez P, Nerin C.
Combination of analytical and microbiological techniques to
study the antimicrobial activity of a new active food packaging
containing cinnamon or oregano against E. coli and S. aureus.
Analytical and bioanalytical chemistry. 2007;388:1003-11.

12 Hindler JF, Munro S, editors. Antimicrobial
susceptibility testing. Clinical microbiology procedures
handbook. 2010:5-0.

13 Saharkhiz MJ, Smaeili S, Merikhi M. Essential oil
analysis and phytotoxic activity of two ecotypes of Zataria
multiflora Boiss. growing in Iran. Natural Product Research.
2010;24(17):1598-609.

14. Saedi Dezaki E, Mahmoudvand H, Sharififar F,
Fallahi S, Monzote L, Ezatkhah F. Chemical composition
along with anti-leishmanial and cytotoxic activity of Zataria
multiflora. Pharmaceutical biology. 2016;54(5):752-8.

15. Chen X, Lv Q, Liu Y, Deng W. Effect of food additive
citric acid on the growth of human esophageal carcinoma cell
line EC109. Cell Journal (Yakhteh). 2017;18(4):493.

16. Liu G, Li Y, Yang L, Wei Y, Wang X, Wang Z, Tao
L. Cytotoxicity study of polyethylene glycol derivatives. RSC
advances. 2017;7(30):18252-9.

17. Haririan 1, Alavidjeh MS, Khorramizadeh MR,
Avrdestani MS, Ghane ZZ, Namazi H. Anionic linear-globular
dendrimer-cis-platinum (I1) conjugates promote cytotoxicity in
vitro against different cancer cell lines. International journal of
nanomedicine. 2010:63-75.

18 Dashipour A, Razavilar V, Hosseini H, Shojaee-
Aliabadi S, German JB, Ghanati K, Khakpour M, Khaksar R.
Antioxidant and antimicrobial carboxymethyl cellulose films
containing Zataria multiflora essential oil. International journal
of biological macromolecules. 2015;72:606-13.

19. Chaillou LL, Nazareno MA. New method to
determine antioxidant activity of polyphenols. Journal of
Agricultural and Food Chemistry. 2006;54(22):8397-402.

20. Yolmeh M, Jafari SM. Applications of response
surface methodology in the food industry processes. Food and
bioprocess technology. 2017;10(3):413-33.

21 Ali A, Parisi A, Conversano MC, lannacci A,
D’Emilio F, Mercurio V, Normanno G. Food-borne bacteria
associated with seafoods: A brief review. Journal of food
quality and hazards control. 2020.

2. Kadariya J, Smith TC, Thapaliya D. Staphylococcus
aureus and staphylococcal food-borne disease: an ongoing
challenge in public health. BioMed research international.
2014.

23 Devleesschauwer B, Pires SM, Young I, Gill A,
Majowicz SE. Associating sporadic, foodborne illness caused
by Shiga toxin-producing Escherichia coli with specific foods:
a systematic review and meta-analysis of case-control studies.
Epidemiology & Infection. 2019;147:e235.

24. Lopez-Abarrategui C, Figueroa-Espi V, Lugo-Alvarez
MB, Pereira CD, Garay H, Barbosa JA, Falcdo R, Jiménez-
Hernandez L, Estévez-Hernandez O, Reguera E, Franco OL.
The intrinsic antimicrobial activity of citric acid-coated
manganese ferrite nanoparticles is enhanced after conjugation
with the antifungal peptide Cm-p5. International Journal of
Nanomedicine. 2016:3849-57.



