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Due to the development of several microorganisms that are antibiotic-resistant. Therefore, it
became vital to look for alternatives, such as oily plant extracts and nanomaterials made from
them that safeguard humans and preserve food against harmful microorganisms. In this study,
nanomaterials were synthesized from thyme essential oil, cumin essential oil, and a mixture
thereof. The chemical composition of the nanoemulsion was determined by gas mass
spectrometry (GC-MS) and the size by zeta potential microscopy and TEM. GC-MS analysis
of thyme nanoemulsion showed mainly 7 compounds, of which 1,2,3-propantirylster
(32.94%) was the highest. The cumin microemulsion contained mainly 11 compounds, of
which oleyl oleate (33.19%) was the highest percentage. The mixture mainly contained 7
compounds of which phenyl palmitolite (31.54%) was the most. Using TEM, the particle size
measurements of thyme, cumin, and nano-mixture were 31.70 nm, 31 nm, and 21.9 nm,
respectively. There was no aggregation, homogeneous size, and spherical nature. The
conductivity, viscosity, polydispersity index (PDI), and zeta potentials were measured to
thyme oil nanoemulsion 0.160 ms/cm, 0.8874, 0.260, and -4.70 mV3.99, respectively. The
cumin oil nanoemulsion is 0.173 ms/cm, 0.8874, 0.232, and -3.79 mV to 5.79 and mixed oil
nano-emulsion, the corresponding values were 0.165 ms/cm, 0.8874, 0.197, and -1.17 mV
10.59from results conclude that we can manufacture nanomaterials from natural materials at
very low concentrations, thus reducing their aromatic odor, in addition to the synergistic
action between two types of nanomaterials, which may produce new materials with a stronger

effect.

1. INTRODUCTION

There are numerous applications for nanobiotechnology in
health care, agribusiness, and the ecosystem. Future
advances in nanotechnology may enable the treatment of
numerous illnesses for which there is currently no remedy.
The safety and danger factors associated with the use of
nanotechnology in medicinal therapeutics need to be
properly assessed (Prasad, 2000).

Nanoemulsion (NEs) typically have widths between 20 and
200 nm and can be translucent or milky white depending
on the size of their droplets (Borrin et al., 2016; Acevedo et
al., 2017). Compared to traditional emulsions,
nanoemulsions are more robust against gravity separation,
coalescence, and flocculation they are subject to Ostwald
ripening (Chang et al., 2014). Besides, Because of their tiny
droplet size and large surface area, they can increase the
bioavailability of the bioactive substances (Silva et al.,
2011; Chang et al., 2014; Acevedo et al., 2017).

The well-defined nano-formulations with therapeutic
significance requires proper NP characterization through
determination of particle size and surface charge. The use
of dynamic light scattering and zeta potential techniques to
determine particle size and surface charge has grown in
favor (Bhattacharjee, 2016).

A new age in biological and pharmaceutical uses has been
made possible by nanotechnology in terms of better
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bioavailability, increased therapeutic effectiveness, and
increased penetrative power (Ong et al., 2017).

Curcumin, camptothecin, thymol, and eugenol are a few
examples of phytomolecules from medicinal and aromatic
plants that have distinct bioavailability, effectiveness, and
solubility restrictions. It restricts its biological activity and,
thus, its use in the field of biomedicine. After these strong
phytomolecules were enclosed in the nanocarriers, an
increase in biological activity and sustained delivery was
seen. Additionally, less hazardous metal nanocarrier
production is mediated by MAPs and/or their compounds
or oils (Kumari et al., 2019).

The most efficient nanoparticles tested against the tested
bacteria were those with a size of 20-25 nm. Additionally,
these nanoparticles show no cytotoxicity, pointing to
potential applications as antimicrobial additives in the
manufacture of both ambulatory and nonambulatory
medical equipment (Martinez-Gutierrez et al., 2010)

The antibacterial activity of thyme oil increased with its
conversion into a nanoemulsion, and its nano-shape can be
employed as a substitute antimicrobial agent in prepared
fish or food items. (Ozogul et al., 2020)

The thermodynamic stability of the synthesized
formulations was examined, and it was discovered that the
thyme oil nanoemulsion with an oil: surfactant ratio of
1:0.5 was the most stable. The size and shape of the
droplets were further examined by dynamic light
propagation and transmission electron microscopy, who
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measured (52.18 4.53) nm for the thyme oil nanoemulsion
(Parisa et al., 2022)

The described nanoemulsion has a polydispersity index
value of 0.298 and a mean droplet size of 20.72.6 nm. The
EO nanoemulsion's LC50 was 33.65 ppm (Azmy et al.,
2021)

After five minutes of sonication, the final droplet diameter
was 10.4 £0.5 nm. The early induction of apoptosis was
clearly visible, and the MTT experiment showed that the
IC50 value was 1.5 L/mL. Cumin nanoemulsion treatment
of tongue cancer cell line resulted in reduced colony
formation. Significant antibacterial activity was shown by
the nanoemulsion against S. aureus. On treatment with
cumin nanoemulsion, a significant cytoplasmic leakage was
noticed (Nirmala et al., 2020).

By encapsulating Thymus essential oils (EOs) in various
delivery systems (DSs), such as nanoemulsions and
biopolymer nanoparticles, it is possible to take advantage
of their efficiency as food preservatives. Through different
manufacturing  processes  (high-pressure  homogenate
emulsification or anti-solvent precipitation), the use of
various emulsifiers and stabilizers, and the resultant
antioxidant and antibacterial activities of Eos (Jayari et al.,
2022)

The presence of monoterpenes, together with a significant
amount of phthalides, served as the essential oil's key
distinguishing  characteristics. The  decoction and
hydroethanolic extracts also included a total of 7 phenolic
compounds, which had intriguing antioxidant capabilities
and bacteriostatic action, notably against Gram-positive
bacteria. (Spréa et al., 2020)

Plants are the major source of antimicrobials, and they
include a range of antimicrobial essential oils. Herbs and
spices containing essential oils include sage, rosemary,
thyme, basil, oregano, clove, and cardamom. These
antimicrobial chemicals are also utilized in combination
with edible coatings to prevent the growth of germs on the
surface of the food (Mashabela et al., 2022).

Physicians have traditionally relied on antibiotics to treat
bacterial illnesses. Antibiotic-resistant bacterial strains,
however, pose a danger to the effectiveness of several
antibiotic kinds as a result of their misuse. We investigated
whether the gram-negative bacterium E. coli might be
prevented from growing by 11 regularly used spices.so they
decided to try ginger, cinnamon, clove, thyme, oregano,
cumin, garlic, black pepper, and rosemary (Gehad and
Springe, 2020).

Among other essential oils, the USH method-prepared
nanoemulsified Cuminum cyminum L. has strong
antioxidant potential and an antibacterial impact. It may be
utilized to create innovative natural antioxidants as well as
flavouring agents that can be employed in various food
item (Nasiris et al., 2020)

The utilization of nanoemulsions has been a key focus in
this field since they may be made with readily available
food components and technological resources. Qil-in-water
nanoemulsions, in particular, are being used as delivery
methods for a variety of hydrophobic ingredients in meals,
such as nutrients, nutraceuticals, antioxidants,
antimicrobials, colors, and tastes. They are composed of
tiny oil droplets (200 nm) distributed in water (Das et al.,
2020)

The efficacy of nanoemulsions and emulsions of thyme and
spearmint essential oils was assessed as an option to
chemical control for decreasing Meloidogyne javanica and
Fusarium oxysporum on coleus plants, Coleus forskohlii, in
vitro and greenhouse environments. The best outcomes in
vitro  experiments were obtained with  thyme
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nanoemulsions, with droplet sizes between 25.4 and 32.9
nm, and spearmint nanoemulsions, with droplet sizes
between 5.91 and 9.77 nm (Hammad and Hasanin, 2022)
The aim of the study is to find and manufacture natural
materials with no side effects that do not affect humans and
animals, and at the same time have a high effect on
microbes.

2. MATERIAL AND METHODS
2.1 Essential plant oil and extracts

Cumin and thyme oil extracts were provided from the
National Research Center (NRC), Giza, Egypt, Tween 80
was provided from Sigma-Aldrich Co. and Double-filtered
and deionized water was distilled before use.

2.2 Nanoemulsion preparation, characterization, and

cytotoxicity test

The nanoemulsion was prepared in the Nanomaterials
Research and Synthesis Unit using oils (20 ml) from cumin
or thyme oils, or a combination of both (10 ml from each
oil), Tween 80 (30 ml), and distilled deionized water (50
ml). These ingredients were blended for 30 minutes in a
homogeneous blender with a 1500-watt, and then distilled
water was gradually added to the combined oil phase
according to (Rao and McClements, 2011).

2.3 Characterization of oil micro-emulsions:

2.3.1. The prepared oil nano-emulsions were measured
using the Zetasizer Malvern Instrument (Corp, Malvern,
UK). This instrument measures droplet size, surface charge
(zeta potential), size distribution (polydispersity indices
PDI), and electrical conductivity.

2.3.2.  Transmission Electron  microscopy (TEM)
monitoring is carried out using [ JEM 1400F HRTEM] at
ray power of (300) keV to characterize the nanoemulsion
and measure electrical conductivity zeta potential (surface
charge)

2.3.3. Utilizing GC-MS to identify microemulsion
components. The National Institute of Standards and
Technology's (NIST's) database, which contains more than
62,000 patterns, was used to interpret the mass spectrum
obtained by 1GC/MS-MS. The NIST library's collection of
unknown components' spectra. It was determined the
components of the test materials' names, molecular
weights, and structures (Ezhilan and Neelamegam, 2012).
Cell culture: the Vero Green Monkey cell line was
purchased from Mokatam Egypt-based Nawah Scientific
Inc. They were cultured in Dulbecco's Modified Eagle
Medium DMEM supplemented with 100 mg/mL
streptomycin, 100 units/mL penicillin, and 10% heat-
inactivated bovine serum at 37 °C in a humidified, 5%
(v/iv) CO2 air.

Cytotoxicity test: Cell viability was evaluated using the
SRB test at various doses (0.01,0.1,1,10,100 ug/ml),
according to Allam et al. (2018)

All of the experimental procedures were approved by
Animal Ethical committees of Benha University with
ethical approval number (BUFVTM34-10-22).

3. RESULTS

3.1. Characterization of micro-emulsions

The nano-emulsion of Thymus vulgaries oil, Cuminum oil
(cumin), and blend oil was measured at 31.70 nm, 31+69
nm, and 21.8 nm, respectively, according to the HRTEM
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findings (Figure 1; A, B, C). There is no clustering and the
nature is spherical with homogeneous dimensions.
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Fig (1). A complete description of each oil: thyme vulgaris nanoemulsion
(A), cumin oil nanoemulsion (20% oil, in water) (B), and mixed
nanoemulsion20% (10% thymus oil + 10 % cumin oil) (oil/water) (C). All
have conductivities, viscosities, multiple dispersion indices (PDI), and zeta
potentials that were measured to be 0.160 mS/cm, 0.8874, 0.260, and -4.70
mV+ 3.99, respectively. Cumin oil nano-emulsion properties, according to
0.173 mV/cm, 0.8874, 0.232, and -3.79 mV * 5.79. For the oil-mixed
nanoemulsion, the corresponding values were 0.165 mV/cm, 0.8874, 0.197,
and -1.17 mV+ 10.59.

Using the SRB assay ,cell viability was evaluated
Following a 72 h incubation period, the vitality percentages
of thymus micro-emulsions at various doses (0.01, 0.1, 1,
10, and 100 ug/ml) were 98.34, 98.21, 96.42, 95.80 and
95.80.Additionally, the micro-emulsions of cumin were
98.59 , 98.20 , 96.42 ,95.80 and 90.40 but the micro-

emulsions of the blend were 97.3, 98.21, 96.42 ,95.80 and
81.29 meaning that the 1C50 was greater than 100 ug/ml.
as show in Figure 2.
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Fig (2). Cell viability percent of cumin nanoemulsion, thymus

nanoemulsion, and (thyme + cumin) blend nanoemulsion by SRB-test

3.2. Analysis of Chemical structure of cumin, thyme and
blend microemulsion

The cumin microemulsion was analyzed by gas mass
spectrometry (GC-MS), and the result was 11 chemical
compounds with different ratios and the highest percentage
was oleyl oleate (33.19%) as shown in table (1).

Table 1 Analysis of chemical compounds by using GC-MS/MS to cumin
nano emulsion

Compound Name Molecular formula Area%
Anethole (anise camphor) aromatic compound. C10H120 3.48%
Thymol Phenol Volatile. CLOH140 0.62%
PYRROLIDINE, C6H14NPS 1.55%
Monoolein It derives from anoleic acid.  0.69

C21H4004
cis-vaccenic acid Monocarboxylic acid or 0.25
derivatives C21H4202Si
Behenyl palmitoleate C38H7402 0.32
oleyl oleate C36H6802 33.19
9-hexadecenoic acid C34H6402 30.53
Oleyl palmitoleate C34H6402 12.44
Cetyl linoleate C34H6402 9.74
1,3-Diolein C39H7205 1.08+1.22

The mix oil microemulsion was analyzed by gas mass
spectrometry (GC-MS), and the result was 7 chemical
compounds with different ratios and the highest percentage
was Behenyl palmitoleate (31.54%) as shown in table (2).

Table (2) Analysis of chemical compounds by using GC-MS/MS to mix oil
nano emulsion

Compound Name Molecular formula Area%
Anethole (anise camphor) aromatic compound. C10H120  17.06%
Thymol Phenol Volatile C10H140 2.97%
2,5-Dimethoxy-p-cymene C12H1802 7.32
9-hexadecenoic acid C34H6402 19.91

Behenyl palmitoleate C38H7402 31.54
1,3-Diolein C39H7205 5.7
Oleyl palmitoleate C34H6402 11.87
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The thyme oil microemulsion was analyzed by gas mass
spectrometry (GC-MS), and the result was 7 chemical
compounds with different ratios and the highest percentage
was 1,2,3 propanetriylester (32.94%) as shown in table (3).
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Table (3) Analysis of chemical compounds by using GC-MS/MS in thymus
nano emulsion

Compound Name Molecular formula Area%

Octadecenoic acid C21H4004 1.13
Oleic acid C21H4202si 1.30
Ethanaminium C44HB84NO8p 2.95
2-Hydroxy-3-[(9E)-9-OCtadec C39H7205 23.36
Glycidyl olcate C21H3803 5.63
ENOyloxy C39H7205 27.44
1,2,3 propanetriylester C57H10406 32.94

4- DISCUSSION

In our research, we were able to successfully synthesize
and optimize nanoparticles from thyme and cumin oil and
mixture. The best efficiency of nanoparticles can be
achieved in large part by controlling the particle size, as the
Particle size reduction may improve the bioavailability,
solubility, and effectiveness of poorly water- soluble
medications. Small particles interact with the cell
membrane more effectively than big ones during
endocytosis. The TEM picture displayed the droplets of
Nanoemulsion which showed spherical shape and size
homogeneity and no aggregation these results confirmed by
Hassanin et al. (2017) who reported that thyme essential oil
nanoemulsion was spherical and ranged in size from 26.6-
45.3 nm. Similarly, Sundararajan et al. (2018) found that
the essential oil in nanoemulsions had an ordered
distribution and a spherical form. Also, Jaiswal et al.
(2015) reported that Nanoemulsion usually has particle
sizes between 20-200 nm. The size and form of the
particles distributed in the continuous phase is the primary
distinction between an emulsion and a nanoemulsion.

The zein-instituted nanoparticles synthesized together with
Thymus capitatus (TC1) and stabilized with maltodextrins
were the most stable formulation; they had the following
properties: polydispersity index, droplet size, potential, and
encapsulation capacity of 0.14, 38.7 mV, 74.7 nm and
99.66%, respectively. Additionally, this formularization
improved the antibacterial and antioxidant properties of EO
inhibition diameters ranging from 12 to 33 mm vs. a range
between 12 to 28 mm for non-encapsulated TC1. The
antioxidant activity was improved to 60.69 g/mg vs. 57.67
g/mg for non-encapsulated TC1. This formularization is a
viable alternative for the efficient employ of natural
antibacterial bioactive compounds against pathogenic and
spoilage bacteria (Jayari et al., 2022)

In this research, the LC50 for cumin essential oils was
96.29 ug/mL which come in agreement with Mahran
(2022). According to Kamaraj et al. (2011), the methanolic
extract of C. cyminum seed caused 87.20 1.92% mortality
against An. stephensi (LC50 = 500 ppm) and 75.60 2.48%
mortality against Culex Quinquefasciatus at a dosage of
500 ppm. This result is different from that of Cumin has
also been d (LD50 = 31.8 pg adultl and LC50 = 3.2 ml L—
1, respectively (Benelli et al., 2018).

The chemical compounds found in nanoemulsions in our
study according to the mass spectra profile of GC- MS of
cumin is coordinated with the results reported by Lopes et
al. (2011). The A phenol derived from volatile oils, such as
thyme oil. Stabilizers are added to pharmaceutical
formulations using it. It was once used as a vermifuge and
has been used now for its cleansing, antimicrobial, and
antifungal properties. The antibacterial and emulsifying
qualities of this ester were assessed in this investigation.
The synthesized oleyl oleate's emulsifying ability was
inferior to Tween 80 and sodium dodecyl sulphate, and no
antibacterial action was found which is consistent with
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Shinde and Raskar (2019). The antibacterial activity of
every synthetic N-(2-oxo-1,2-dihydro-3'H-indol-3-ylidene)
pyridine-4-carbohydrazide was tested. The majority of the
derivatives effectively combatted Gram-positive and Gram-
negative bacteria (Yoon et al., 2018) Antibacterial lipids
like fatty acids and monoglycerides, which disrupt bacterial
cell membranes and have a variety of direct and indirect
inhibitory effects, are antibacterial agents.

5. CONCLUSION

This study emphasized the benefits and difficulties of using
nanotechnology in conjunction with medicinal and
aromatic plants (MAPs). It would be a useful method for
the quick delivery of various phytomolecules as well as the
creation of unique nanomaterials, which increases the
possibility of researching prospective in MAP molecules.

6. REFERENCES

1. Acevedo-Fani, A., Soliva-Fortuny, R., Martin-Belloso, O.
2017. Nanoemulsions as edible coatings. Current Opinion in
Food Science, 15, 43-49.

2. Allam, R.M., Al-Abd, A.M., Khedr, A., Sharaf, O.A., Nofal,
S.M., Khalifa, A.E., Mosli, H.A., Abdel-Naim, A.B. 2018.
Fingolimod interrupts the cross talk between estrogen
metabolism and sphingolipid metabolism within prostate
cancer cells. Toxicol Lett., 291, 77-85.

3. Azmy, R.M., El Gohary, E.E., Salem, D.A.M., Mahmoud,
D.M., Salama, M.S., Abdou, M.A. 2021. Evaluation of the
larvicidal activity of nanoemulsion from Citrus aurantifolia
(Christm) Swingle peel on Culex pipiens L. (Diptera:
Culicidae) and the induced morphological aberrations.
Egyptian Journal of Aquatic Biology & Fisheries, Zoology,
25(3), 421 - 434

4.  Benelli, G. 2018. Mode of action of nanoparticles against
insects. Environmental Science and Pollution Research,
25(13), 12329-12341.

5. Bhattacharjee, S. 2016. DLS and zeta potential. Journal of
Controlled Release, 235, 337-351.

6. Borrin, T.R., Georges, E.L., Moraes, I.C.F., Pinho, S.C.
2016. Curcumin-loaded nanoemulsions produced by the
emulsion inversion point (EIP) method: An evaluation of
process parameters and physico-chemical stability. Journal of
Food Engineering, 169, 1-9.

7. Chang, Y. and McClements, D.J. 2014. Optimization of
orange oil nanoemulsion formation by isothermal low-energy
methods: Influence of the oil phase, surfactant, and
temperature. Journal of Agricultural and Food Chemistry, 62,
2306-2312.

8. Das, AK., Nanda, P.K., Bandyopadhyay, S., Banerjee, R.,
Biswas, S., McClements, D.J. 2020. Application of
nanoemulsion-based approaches for improving the quality
and safety of muscle foods: A comprehensive review.
Compr. Rev. Food. Sci. Food Saf., 19(5), 2677-2700.

9.  Ezhilan, B.P. and Neelamegam, R. 2012. GC-MS analysis of

phytocomponents in the ethanol extract of Polygonum

chinense L. Pharmacognosy Research, 4(1):11-14

Gehad, Y. and Springe, M. 2020. Characterization of

antibacterial properties of common spices. Journal of

Emerging investigators, 2, 1-5

Gupta, P., Preet, S., Ananya, Singh, N. 2022. Preparation of

Thymus vulgaris (L.) essential oil nanoemulsion and its

chitosan encapsulation for controlling mosquito vectors.

Scientific Reports 12, 4335.

Hammad, E.A. and Hasanin, M.M.H. 2022. Antagonistic

Effect of Nanoemulsions of Some Essential Oils against

Fusarium oxysporum and Root-Knot nematode Meloidogyne

javanica on Coleus Plants; Pakistan Journal of Nematology

,40(1), 35-48.

Hassanin, M.M.H., Halawa, A.E.A., Ali, A AM. 2017.

Evaluation of the activity of thyme essential oil

nanoemulsion against Sclerotinia rot of fennel. Egypt J Agric

Res, 95(3) 1037-1050.

10.

11

12.

13.


javascript:;
https://pubmed.ncbi.nlm.nih.gov/?term=Yoon+BK&cauthor_id=29642500
https://www.sciencedirect.com/journal/current-opinion-in-food-science
https://www.sciencedirect.com/journal/current-opinion-in-food-science
file:///E:/البحث%20الثالث%20للاطروحة%20نانو.docx%23!
https://www.sciencedirect.com/journal/journal-of-controlled-release
https://www.sciencedirect.com/journal/journal-of-controlled-release
https://pubmed.ncbi.nlm.nih.gov/?term=Ezhilan%20BP%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Neelamegam%20R%5BAuthor%5D
file:///E:/البحث%20الثالث%20للاطروحة%20نانو.docx%23auth-Parisa-Gupta
file:///E:/البحث%20الثالث%20للاطروحة%20نانو.docx%23auth-Shabad-Preet
file:///E:/البحث%20الثالث%20للاطروحة%20نانو.docx%23auth--Ananya
file:///E:/البحث%20الثالث%20للاطروحة%20نانو.docx%23auth-Navneet-Singh
https://www.nature.com/srep

AL Siraj et al. (2023)

BVMJ 44 (2): 59-63

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L

Jaiswal, M., Dudhe, R., Sharma, P.K. 2015. Nanoemulsion:
an advanced mode of drug delivery system; 3. Biotech., 5,
123-127.

Jayari, A., Donsi, F., Ferrari, G., Maaroufi, A. 2022.
Nanoencapsulation of Thyme Essential Oils: Formulation,
Characterization, storage Stability and Biological Activity.
Foods, 11(13), 1858.

Kamaraj, C., Rahuman, A.A., Bagavan, A. Elango, G,
Zahir, A.A., Santhoshkumar, T. 2011. Larvicidal and
repellent activity of medicinal plant extracts from Eastern
Ghats of South India against malaria and filariasis vectors.
Asian Pac J Trop Med. 4(9), 698-705.

Kumari, P., Lugman, S., Meena, A. 2019. Application of the
combinatorial approaches of medicinal and aromatic plants
with nanotechnology and its impacts on healthcare. National
library of medicine journal 27(1), 475-489.

Lopes, D.B., Duarte, M.C.T., Alves, G. 2011. Macedo
Biosynthesis of oleyl oleate wax ester by non-commercial
lipase. Food Science and Biotechnology, 20, 1203.

Mahran, H.A. 2022. Using nanoemulsions of the essential
oils of a selection of medicinal plants from Jazan, Saudi
Arabia, as a green larvicidal against Culex pipiens; NCBI
Journal 17(5), e0267150.

Martinez-Gutierrez, F., Olive, P.L., Banuelos, A., Orrantia,
E., Nino, N., Sanchez, E.M., Ruiz, F., Bach, H., Av-Gay, Y.
2010. Synthesis, characterization, and evaluation of
antimicrobial and cytotoxic effect of silver and titanium
nanoparticles. Nanomedicine. Nanotechnology, Biology, and
Medicine 6(5), 681-688.

Mashabela, M.N., Ndhlovu, P.T., Mbeng, W.O. 2022. Herbs
and Spices’ Antimicrobial Properties and Possible Use in the
Food Sector. In: Herbs and Spices - New Advanceslvani$ova,
E. (ed.), IntechOpen. doi: 10.5772/intechopen.104270.
Nasiri, M., Ahari, H., Sharifan, A., Anvar, A.A., Kakolaki,
S. 2020. Nanoemulsion production techniques upgrade
bioactivity potential of nanoemulsified essential oils on
Acipenser stellatus filet preserving. International journal of
food properties, 23(1), 2174-2188.

Nirmala, M.J., Durai, L., Rao, K.A., Nagarajan, R. 2020.
Ultrasonic Nano emulsification of Cuminum cyminum
Essential Oil and Its Applications in Medicine. Int J
Nanomedicine, 15, 795-807.

Ong, T.H., Chitra, E., Ramamurthy, S., Siddalingam, R.P.,
Yuen, K.H., Ambu, S.P., Davamani, F. 2017. Chitosan-
propolis nanoparticle formulation demonstrates anti-bacterial
activity against Enterococcus faecalis biofilms. National
library of medicine journal, 12(4), 1-16.

Ozogul, Y., Kuley, E., Akyol, I., Durmus, M., Ucar, Y.,
Regenstein, J., Kosker A.R. 2020. Antimicrobial activity of
thyme essential oil nanoemulsions on spoilage bacteria of
fish and food-borne pathogens. Food Bioscience, 36,100635.
Prasad, R. 2000. Nanotechnology in the Life Sciences.
Springer Nature Switzerland AG. Part of Springer Nature.
Rao, J. and McClements, D.J. 2011. Formation of flavor oil
microemulsions, nanoemulsions and emulsions: influence of
composition and preparation method. Journal of agricultural
and food chemistry 59 (9), 5026-5035.

Shinde, P.N. and Raskar M.A. 2019. Synthesis and biological
evaluation of spiro (indole-thiazolidine) derivatives as
antimicrobial agents. Int J Curr Pharm Res, 11 (6), 71-74.
Silva, H.D., Cerqueira, M.A., Vicente, AA. 2011.
Nanoemulsions for food applications: Development and
characterization. Food and Bioprocess Technology, 5, 854-
867.

Spréa, R.M., Fernandes, A., Calhelha, R.C., Pereira, C.,
Pires, T.C.S.P., Alves, M.J., Canan, C., Barros, L., Amaral,
J.S., Ferreira, I.C.F.R. 2020. Chemical and bioactive
characterization of the aromatic plant Levisticum officinale
W.D.J. Koch: a comprehensive study. Food Funct., 11(2),
1292-1303.

Sundararajan, B., Moola, A.K., Vivek, K., Kumari, B.R.
2018. Formulation of nanoemulsion from leaves essential oil

63

32.

of Ocimum basilicum L. and its antibacterial, antioxidant and
larvicidal activities (Culex quinquefasciatus). Microbial
Pathogen, 125, 475-485.

Yoon, B.K., Jackman, J.A., Valle-Gonzalez, E.R. Cho, N.
2018. Antibacterial Free Fatty Acids and Monoglycerides:
Biological Activities, Experimental Testing, and Therapeutic
Applications. Int Jol Sci., 19(4), 1114.


javascript:;
file:///E:/البحث%20الثالث%20للاطروحة%20نانو.docx%23auth-Rupesh-Dudhe
file:///E:/البحث%20الثالث%20للاطروحة%20نانو.docx%23auth-P__K_-Sharma
https://link.springer.com/journal/13205
https://pubmed.ncbi.nlm.nih.gov/?term=Kumari%20P%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Luqman%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Meena%20A%5BAuthor%5D
javascript:;
file:///E:/البحث%20الثالث%20للاطروحة%20نانو.docx%23auth-Marta_Cristina_Teixeira-Duarte
file:///E:/البحث%20الثالث%20للاطروحة%20نانو.docx%23auth-Gabriela_Alves-Macedo
https://link.springer.com/journal/10068
https://europepmc.org/search?query=AUTH%3A%22Fidel%20Martinez-Gutierrez%22
https://europepmc.org/search?query=AUTH%3A%22Peggy%20L%20Olive%22
https://europepmc.org/search?query=AUTH%3A%22Adriana%20Banuelos%22
https://europepmc.org/search?query=AUTH%3A%22Erasmo%20Orrantia%22
https://europepmc.org/search?query=AUTH%3A%22Erasmo%20Orrantia%22
https://europepmc.org/authors/0000-0002-3240-7169
https://europepmc.org/search?query=AUTH%3A%22Elpidio%20Morales%20Sanchez%22
https://europepmc.org/search?query=AUTH%3A%22Facundo%20Ruiz%22
https://europepmc.org/search?query=AUTH%3A%22Horacio%20Bach%22
https://europepmc.org/authors/0000-0002-9547-0237
https://www.intechopen.com/profiles/352448
https://www.tandfonline.com/author/Nasiri,+Mina
https://www.tandfonline.com/author/Ahari,+Hamed
https://www.tandfonline.com/author/Sharifan,+Anousheh
https://www.tandfonline.com/author/Anvar,+Amir+Ali
https://www.tandfonline.com/author/Kakolaki,+Shahpour
https://pubmed.ncbi.nlm.nih.gov/?term=Nirmala%20MJ%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Durai%20L%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Rao%20KA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Nagarajan%20R%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7008196/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7008196/
file:///E:/البحث%20الثالث%20للاطروحة%20نانو.docx%23!
file:///E:/البحث%20الثالث%20للاطروحة%20نانو.docx%23!
file:///E:/البحث%20الثالث%20للاطروحة%20نانو.docx%23!
file:///E:/البحث%20الثالث%20للاطروحة%20نانو.docx%23!
file:///E:/البحث%20الثالث%20للاطروحة%20نانو.docx%23!
file:///E:/البحث%20الثالث%20للاطروحة%20نانو.docx%23!
file:///E:/البحث%20الثالث%20للاطروحة%20نانو.docx%23!
https://www.sciencedirect.com/journal/food-bioscience
https://www.sciencedirect.com/journal/food-bioscience/vol/36/suppl/C
https://www.springernature.com/
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://pubmed.ncbi.nlm.nih.gov/?term=Spr%C3%A9a+RM&cauthor_id=31998909
https://pubmed.ncbi.nlm.nih.gov/?term=Fernandes+%C3%82&cauthor_id=31998909
https://pubmed.ncbi.nlm.nih.gov/?term=Calhelha+RC&cauthor_id=31998909
https://pubmed.ncbi.nlm.nih.gov/?term=Pereira+C&cauthor_id=31998909
https://pubmed.ncbi.nlm.nih.gov/?term=Pires+TCSP&cauthor_id=31998909
https://pubmed.ncbi.nlm.nih.gov/?term=Alves+MJ&cauthor_id=31998909
https://pubmed.ncbi.nlm.nih.gov/?term=Canan+C&cauthor_id=31998909
https://pubmed.ncbi.nlm.nih.gov/?term=Barros+L&cauthor_id=31998909
https://pubmed.ncbi.nlm.nih.gov/?term=Amaral+JS&cauthor_id=31998909
https://pubmed.ncbi.nlm.nih.gov/?term=Ferreira+ICFR&cauthor_id=31998909
https://pubmed.ncbi.nlm.nih.gov/?term=Yoon+BK&cauthor_id=29642500
https://pubmed.ncbi.nlm.nih.gov/?term=Jackman+JA&cauthor_id=29642500
https://pubmed.ncbi.nlm.nih.gov/?term=Valle-Gonz%C3%A1lez+ER&cauthor_id=29642500
https://pubmed.ncbi.nlm.nih.gov/?term=Cho+NJ&cauthor_id=29642500

